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Blastocystis hominis is the most common intestinal parasite found in humans and many other hosts. Pathogenicity of Blastocystis
spp. remains controversial, and it has been suggested that it may be associated with specific subtypes of the organism. This study
identified the B. hominis subtypes and their prevalence rates in the northeast of Iran. A total of 1878 samples were collected from the
northeast of Iran from January to December 2017. The patients’ demographic details were recorded. Samples were examined by a
wet mount, and genomic DNA was extracted from positive samples. Also, PCR was done on the positive samples, and sequencing
and phylogenetic analysis were subsequently performed. From 1878 collected stool samples, 152 (8.1%) Blastocystis samples were
detected by the microscopic method. Of the 152 samples, Blastocystis spp. were found in 53.6% of the men and 28.9% of the women
who showed clinical gastrointestinal symptoms, and a significant relationship was observed between gender and clinical symptoms
(P = 0:002). A meaningful relationship was found between the season and infection with this parasite (P value = 0.003). The results
of the sequencing of 22 PCR products showed the dominance of ST3, which was isolated from 10 (45.45%) patients, while ST1, ST2,
and ST7 were found in 4 (18.19%), 7 (31.81%), and 1 (4.55%) patients, respectively. In this study, ST7 had a low prevalence in the
northeast of Iran, and similar to previous studies, ST3 was the dominant subtype.

1. Introduction

Blastocystis hominis is a zoonotic protozoan that affects
human and animal intestines and has no specific hosts [1,
2]. B. hominis infection may present with various gastrointes-
tinal signs and symptoms including diarrhea, abdominal
pain, cramps, and nausea. Moreover, host reaction to Blasto-
cystis spp. colonization may lead to eosinophilic enteritis [3,
4]. The prevalence of this parasite has been reported more
than 60% in developing countries and between 5% and 20%
in developed countries [2, 5]. Blastocystis spp. transmit
through the oral and fecal routes, and its rate increases with
poor hygiene and a high level of animal contact [6]. Accord-
ing to previous studies, this parasite is more common in
adults while it becomes more prevalent in some seasons [7,

8]. Given the high prevalence of this parasite in developing
countries, more attention has to be paid as it contaminates
water and food [9].

Contaminated water is the leading cause of spreading this
parasite [10]. Despite extensive studies conducted on the
subject, there is little information available about the patho-
genesis of this parasite. Some symptoms of infection with
Blastocystis spp. include nausea, anorexia, bloating, constipa-
tion, stomachache, and acute or chronic diarrhea [11–14].
Blastocystis species have an extensive genetic variation [15,
16]. In a recent molecular analysis, nine subtypes of Blasto-
cystis spp. were isolated from humans, pigs, birds, rodents,
and monkeys [17]. The differentiation of Blastocystis species
is impossible with routine methods such as microscopy,
staining, and culture, due to their low sensitivity. The
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differentiation of these subtypes is performed by Small Sub-
unit Ribosomal RNA Genes (SSUr DNA), and molecular-
based methods are necessary for assessing the genetic diver-
sity of these organisms [16]. Molecular epidemiological stud-
ies are especially useful for detecting transmission patterns,
medication resistance, and specific hosts. The genetic preva-
lence and diversity of Blastocystis have been recently investi-
gated in Iran [18], and molecular PCR-RFLP has been
recently used with specific primers for assessing the genetic
diversity of Blastocystis species [19, 20]. Given the lack of
information about the prevalence of Blastocystis and its geno-
types in the northeast of Iran, the present study investigates
the prevalence and genotyping of Blastocystis isolated from
patients in this region.

2. Materials and Methods

In this study, 1878 samples were collected from the northeast
of Iran from January to December 2017. The patients’ demo-
graphic details were recorded. Normal saline and Lugol’s
iodine smears were prepared from the fecal samples, and
ethyl acetate formalin and tri-chrome staining were also
carried out [2]. Approximately 200mg of each positive sam-
ple was kept at -20°C until the subsequent molecular analysis.

2.1. PCR Assay and Sequencing. DNA was extracted from the
fecal samples according to the instructions provided in the
GeneAll® Exgene™ Stool DNA mini kit, and the extracted
DNA was stored at -20°C. The SSU rDNA gene was prolifer-
ated using forward specific primers, Blast 505-532 (5′ GGA
GGT AGT GAC AAT AAATC 3′; forward) and Blast 998-
1017 (5′ TGC TTT CGC ACT TGT TCATC 3′; reverse)
[21]. These primers approximately amplified a 500bp frag-
ment. PCR reaction was performed in 30μl Ampliqone (Taq
DNA Polymerase Master Mix RED, Denmark). Twenty-five
microliters of the Taq Master mix were used with ten ng tem-
plate DNA, 0.1μM of each primer, and distilled water. Cycles
of PCR were set up as the following: predenaturation step at
94°C for 3min and 33 cycles of denaturation at 95°C for 35 s,
annealing at 56°C for 45 s and extension at 72°C for 1min with
an elongation step of 5min at 72°C at the last cycle. A total of
22 samples were selected randomly from different age groups
(Table 1) and sent to the Bioneer Korea Company to deter-
mine the nucleotide sequence.

2.2. Analysis Sequencing. The analysis of DNA sequencing
was carried out on 22 positive PCR samples. The SSU rDNA
sequences obtained were compared with the gene sequences
available at the gene bank using the BLAST program
(http://www.ncbi.nlm.nih.gov/BLAST/): ST-1|HQ641595,
ST-2|HQ641605, ST-3|HQ641611, ST-4|HQ641621, ST-
5|HQ641630, ST-6|HQ641658, ST-7|HQ641661, ST-
5|HQ641630, ST-6|HQ641658, and ST-7|HQ641661. The
distance-based analysis was conducted on the sequencing
data by using molecular evolutionary genetic analysis
version 4 (MEGA 4) [22], and a phylogenetic tree was
constructed using the neighbor-joining method [23] with
the Kimura 2-parameter model [24]. The support of mono-

phyletic groups was assessed by the bootstrap method with
1,000 replicates [25].

2.3. Ethical Considerations. The current study was approved
by the Research Council and the Ethics Committee of the
Gonabad University of Medical Sciences, and written
informed consent was also obtained from participants before
the study.

2.4. Statistical Analysis. Frequency distributions of strains
and demographic information were analyzed by descriptive
statistical methods, and qualitative variables were analyzed
by the chi-square test.

3. Results

From 1878 stool samples, Blastocystis spp. were detected in
152 (8.1%) ones by the microscopic method (Figure 1). The
samples were collected from 991 (76.5%) women and 887
(47.2%) men, and the prevalence of this parasite was 7.7%
in women and 37.8% in men, with no significant relationship
between gender and Blastocystis infection (Chi = 0:22, P =
0:63) (Table 1). Most positive cases were found in the age
group of 30-39 years old, and a significant relationship was
observed between the age groups and infection with this par-
asite (Chi = 13:90, P = 0:01) (Table 2). Of the 152 samples,
Blastocystis spp. were found in 53.6% of the men and 28.9%
of the women who showed clinical gastrointestinal symp-
toms, and a significant relationship was observed between
gender and clinical symptoms (Chi = 9:57, P = 0:002)

Table 1: The total number of men and women infected with
Blatocystis spp.

Sex
Infection

Total
Positive Negative

Men 69 (7.8%) 818 (92.2%) 887 (47.2%)

Women 83 (8.4%) 908 (91.6%) 991 (52.8%)

Total 152 (8.1%) 1726 (91.9%) 1878 (100%)

Figure 1: The presence of Blastocystis spp. in the background with
tri-chrome staining.
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(Table 3). This parasite was more prevalent in the summer
and spring (Table 4), and a significant relationship was found
between the season and infection with this parasite
(Chi = 13:89, P value = 0.003). In the present study, other
parasitic factors were also isolated in addition to Blastocystis
spp. (Table 5). All the positive cases obtained by the micro-
scopic method were also confirmed by the molecular method
(Figure 2). The results of the sequencing of 22 PCR products
(Table 2) showed the dominance of ST3, which was isolated
from 10 (45.45%) patients, while ST1, ST2, and ST7 were
found in 4 (18.19%), 7 (31.81%), and 1 (4.55%) patients,
respectively. The nucleotide sequences of the 22 sequenced
and subtyped samples from the present study have been
deposited in GenBank under accession numbers
MG254562-MG254571, MH049534-MH049544, and
MF960829. The phylogenic tree of the isolates is presented
in Figure 3. Given the alignment, nucleotides deposited as
MG254568 (BL7) were considerably different from the rest
of the accession numbers in this branch (Figure 4). Also,
the accession number MH049535 (BL13) was located in

Table 2: The rate of Blastocystis spp. infection in different age groups and the number of sequenced cases in each group.

Age groups
Infection

Total Total number of sequences
Positive Negative

<20 30 (9.5%) 336 (90.5%) 366 (20.0%) 5

20-29 32 (9.1%) 344 (90.9%) 376 (22.2%) 4

30-39 45 (12.5%) 414 (87.5%) 459 (22.8%) 7

40-49 18 (5.2%) 375 (94.8%) 393 (21.7%) 2

50-59 13 (12.1%) 144 (87.9%) 157 (6.8%) 2

>60 14 (13.7%) 113 (86.3%) 127 (6.5%) 2

Total 152 (9.6%) 1726 (90.4%) 1878 (100%) 22

Table 3: The percentage of clinical symptoms in men and women.

Sex
Symptom

Total
Positive Negative

Men 37 (53.6%) 32 (46.4%) 69 (45.4%)

Women 24 (28.9%) 59 (71.1%) 83 (54.6%)

Total 61 (40.1%) 91 (59.9%) 152 (100%)

Table 4: The rate of Blastocystis spp. infection in different season.

Season
Infection

Total
Positive Negative

Spring 54 (8.7%) 570 (91.3%) 624 (33.2%)

Summer 67 (10.6%) 564 (89.4%) 631 (33.6%)

Fall 17 (5.3%) 305 (94.7%) 322 (17.1%)

Winter 14 (4.7%) 287 (95.3%) 301 (16.0%)

Total 152 (8.1%) 1726 (91.9%) 1878 (100%)

Table 5: The percentage of other parasites in the patients.

Parasite type Entamoeba coli Giardia Iodamoeba bütschlii Entamoeba histolytica Blastocystis spp.

Frequency and percentage 126 (6.70) 95 (5.05) 84 (4.47) 3 (0.15) 152 (8.09)

1 2 3 4 5 NC PC Ladder

500 bp

Figure 2: PCR-product of Blastocystis isolates. Lanes 1 to 5:
Blastocystis isolates; lane NC: negative control; lane PC: positive
control; DNA ladder, 100 bp.
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one branch with the ST7 reference. Figure 5 presents its
nucleotide difference.

4. Discussion

The prevalence of Blastocystis spp. found by the microscopic
method was 8.09%, which concurs with the previous studies
conducted in Iran [18, 26–28]. The prevalence of Blastocystis
spp. has been reported as 60% in developing countries and
5% to 20% in developed countries [2, 5, 18]. According to
previous studies, the prevalence of Blastocystis spp. is 8.1%
in semidesert regions [28]. The present study was conducted
in the northeast of Iran, which is a semidesert region, and the
prevalence of this parasite was found 8.1% in this region,

which agrees with the prevalence found in regions with insuf-
ficient humidity and poor temperatures [29–31].

In the present study, the majority of the positive cases
were observed in the age group of 30-39 years old, while
the studies conducted in Turkey and Libya showed a signifi-
cant relationship between age group and infection [32, 33],
and 8.37% of men were infected with Blastocystis spp. Other
studies have also reported higher infection rates in men com-
pared to women [18, 32–34], but no significant relationship
was found between gender and infection with this parasite
(P = 0:63). Khalili et al. did not find a significant relationship
between gender and infection [35]. Likewise, no significant
relationship was observed between gender and age and infec-
tion with Blastocystis spp. or between clinical symptoms and
infection with this parasite in Australia [36]. A notable case
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Figure 3: Phylogenetic tree of the SSU-rDNA gene sequences of Blastocystis specimens. The phylogenetic tree was inferred using the
neighbor-joining method.
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examined in the present study was clinical symptoms in men
and women. The prevalence of clinical symptoms was higher
in men (53.6%) than in women (28.9%), and a significant
relationship was found between gender and clinical symp-
toms (P = 0:002). Like in many other studies, in the present
study, the prevalence of Blastocystis spp. was higher in the
summer and spring compared to other seasons, and a signif-
icant relationship (P value = 0.003) was also observed
between the prevalence of this parasite and the season [18,
37–39]. In the present study, the prevalence of other detected
parasites was as follows: Entamoeba coli (6.70%), Giardia

(5.05%), Iodamoeba bütschlii (4.47%), and Entamoeba histo-
lytica (0.15%) (Table 5).

The sequencing results showed that ST3 (45.45%) was the
dominant subtype, while ST7 was isolated from only one
patient. In Iran, only Khoshnood et al. (2015) have reported
the presence of the ST7 subtype, which indicates its low prev-
alence in Iran compared to the other subtypes. This subtype
has been isolated in a few studies in the Middle East [18,
40]. Previous studies conducted in Iran have isolated ST1,
ST2, ST3, ST4, ST5, ST6, and ST7 from humans [28]. In
the present study, ST1, ST2, ST3, and ST7 were isolated from
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Figure 4: Alignment nucleotides of accession number MG254568 (BL7) with the ST3 reference.
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the patients, while no cases of ST4, ST5, ST6, ST8, and ST9
were reported. Like in many studies, ST3 was more prevalent
than the other subtypes in the present study [8, 18, 41, 42].
Studies conducted in Iran have shown that ST1 and ST2 were
the most prevalent subtypes after ST3 [16, 19, 20, 28, 43].
Similarly, ST1 was the dominant subtype after ST3 in this
study. The prevalence of ST1 and ST3 is also high in neigh-
boring countries of Iran and also in countries outside the
Middle East [44–48].

The present study revealed a sample with the accession
number MG254568 in the phylogenic tree in subtype 3, but
as shown in the phylogenic tree, this sample is located away
from other samples in the branch, and the nucleotide align-
ment of this sample is considerably different from the other
numbers registered under the ST3 reference. Moreover, given
the phylogenic tree and the nucleotide alignment, a sample
with the accession number MH049535 was located in the
ST7 group.

5. Conclusions

According to the present findings, gender should be taken
into account in assessing infection with Blastocystis and its
clinical symptoms. Also, ST7 has a low prevalence in differ-
ent parts of Iran, and the subtype was also isolated in the
present study, and ST3 was the dominant subtype.
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