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Abstract
Blastocystis sp. is more prevalent in mentally-retarded individuals, immunocompromised patients, and organ recipients. There
are no inclusive studies in Iran evaluating the prevalence and molecular identification of Blastocystis sp. infection in schizo-
phrenic patients. This study aimed to determine prevalence and subtype distribution of Blastocystis sp. in schizophrenic patients
in Tehran province, Iran. This cross-sectional study was performed on 58 stool samples of schizophrenic male patients in Tehran
province, Iran, using the sequence-tagged site (STS) and ST-specific primers. Overall, 58 stool samples were collected from
hospitalized male patients with schizophrenia in Tehran province. After conventional PCR, positive samples were probed by ST-
specific and STS primers. Following molecular evaluation, 32 samples (55.2%) were positive for Blastocystis sp. Which, 28
(87.5%) cases were ST3, 3 (9.4%) cases were found to be ST9, and one case (3.1%) was ST1.This study was the first report of the
ST9 of Blastocystis in Iran. Blastocystis infection was more prevalent in asymptomatic patients (55.6%) compared with symp-
tomatic patients (55%). There was a significant association between the duration of hospitalization and Blastocystis infection rate
(0.002). The results of the present study represented a high prevalence and significance of Blastocystis sp. infection in schizo-
phrenic patients. Patients with schizophrenia are unable to attend to their own care. Also, schizophrenic patients have a lack of
perception that can result in poor hygiene, which needs more care, accuracy, prevention, and control.
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Introduction

Blastocystis sp. is a genetically diverse protozoan parasite,
which has recently been categorized within stramenopiles
phylogenetically [1]. It is recognized as the most common
parasitic protist of the human intestinal tract [2]. It is expected
that the fecal-oral route is the main transmission pathway, with
cyst forms as the infective stages [3]. The prevalence rate of
infection in developing countries (53.8%) is higher than in
developed nations (3.3%) [4, 5]. Some risk factors such as
contaminated food or water, poor hygiene, the host’s immune
status, and close contact with animals would enhance the es-
tablishment of the infection [6]. Blastocystis sp. is more prev-
alent in mentally retarded individuals, immunocompromised
patients, and organ recipients [7–11].

Based on small rRNA gene analysis (SSU rDNA), 17
Blastocystis subtypes (STs) were recognized [12], ten of
which (ST1-ST9, and ST12) were found to infect humans
[13]. Furthermore, ST1-ST4 are the most frequent isolated
subtypes from human cases, with ST3 as the main causative
agent of human infections [14, 15]. These common STs have
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also been identified in other vertebrate hosts such as birds,
rodents, ungulates, as well as other primates [2]. It is demon-
strated that ST9 is only confined to human cases [16]. Several
factors influence the geographical distribution of human sub-
types, including topographical and meteorological conditions,
cultural practices, and contact with animals [4]. Microscopic
examination and parasite-specific DNA detection are mostly
used to detect Blastocystis sp. infection [17]. With respect to
microscopic methods, Lugol’s iodine and trichrome staining
procedures are frequently employed [18]. Also, following ver-
ification using STS primers is popular molecular approaches
to reveal the genetic heterogeneities among isolates [16, 18,
19].

Schizophrenic patients have a very different perception of
real life [20], and due to their hygiene condition, psychic pa-
tients are always at risk of opportunistic infectious diseases
such as parasitic infections. Various studies have been report-
ed a possible association between schizophrenia and infec-
tions by Human Herpesvirus 2, Borna Disease Virus,
Human Endogenous Retrovirus,Chlamydophila pneumoniae,
Chlamydophila psittaci, Toxoplasma gondii, and Toxocara
spp. [21–24]. However, there is no comprehensive informa-
tion on the prevalence and subtypes distribution of
Blastocystis infection in schizophrenic patients.

We investigated the genetic diversity of Blastocystis sp.
infection in schizophrenic patients in Tehran province, using
microscopic examination, conventional PCR, seven pairs of
sequence-tagged site primers, subtype-specific primers for
ST8 and ST9, and sequencing.

Materials and Methods

Collecting Samples and Stool Examination

This cross-sectional descriptive study was conducted from
September 2015 to February 2016. Overall, 58 stool samples
were collected from schizophrenic male patients from Tehran
Province, Iran. All samples underwent Lugol’s staining and
microscopic examination. Subsequently, samples were main-
tained in 2.5% dichromate potassium at 4 °C for further mo-
lecular evaluations.

DNA Extraction

Genomic DNA of each Blastocystis isolates was extracted
directly from stool samples using cetyl trimethyl ammonium
bromide (CTAB) method [25], with some modifications such
as adding 1% KOH to each sample and incubation at 60 °C,
washing with normal saline to exclude lipid, incorporating
8 M GuHCl followed by saline washing to eliminate fecal
pigments. Lysis buffer and 10% sodium dodecyl sulfate
(SDS) were added to make the DNA fragments more

available, while proteinase K was used for solubilizing the
protein components. Additionally, RNase (DNA Genotek)
treatment was performed to remove RNA. The quantity and
quality of the DNAwas determined using spectrophotometry
(Nanodrop, Thermo Fisher Scientific, Waltham, MA, USA)
and gel electrophoresis.

Conventional PCR

All DNA from the stool specimens were tested by PCR for
Blastocystis using bl1400ForC (5′-GGA ATC CTC TTA
GAG GGA CAC TAT ACA T-3′) and bl1710RevC (5′-TTA
CTA AAA TCC AAA GTG TTC ATC GGA C-3′), which
amplify a 310-bp fragment of SSU rDNA gene [12, 26].
Each PCR reaction was done in a tube containing 7.5 μl of
Taq DNA Polymerase Mix Red-Mgcl2 (Ampliqon©,
Denmark), 1 μl of each primer (10 pmol), and 3 μl of DNA;
2.5 μl of DW also was added to reach the final volume of
15 μl. The PCR thermocycler condition was as follows: initial
denaturation at 94 °C for 4 min and 35 cycles of denaturation
at 94 °C, annealing at 60 °C, and extension at 72 °C, every
level for 1 min. Ultimately, a final extension was set on 72 °C
for 5 min (Mastercycler, Eppendorf®, Hamburg, Germany)
[26]. PCR products were separated on 1.5% agarose gel and
staining with CinnaGen DNA safe stain (Cat. No.: PR881603)
for 45min at 80 V, and then visualized by UV transilluminator
(Uvitec, Cambridge, UK).

Subtype Analysis

In order to determine the Blastocystis sp. subtypes in contam-
inated samples, seven pairs of sequence-tagged site primers
were used which amplify the RAPD product of interest. Along
with these seven primer pairs, two additional ST-specific
primer pairs were used that were able to identify ST8 and
ST9 of Blastocystis, which were developed by “Yoshikawa
and Iwamasa” (Table 1) [16, 27]. The PCR reaction was in-
cluding 7.5 μl of Taq DNA Polymerase Mix Red-Mgcl2
(Ampliquon©, Denmark), 3 μl of extracted DNA, 1μl of each
primer (10 pmol), and 2.5 μl of sterile water also was added to
reach the final volume of 15 μl. The PCR condition for ST1-
ST9 was performed by Yoshikawa and Scanlan’s method [16,
27, 28]. At last, each PCR product was run on 1.5% agarose
gel and visualized with CinnaGen DNA safe stain (Cat. No.:
PR881603) staining under UV transilluminator (Uvitec,
Cambridge, UK).

Sequencing

Totally, PCR products of three positive samples were purified
by using QIAquick® Gel Extraction Kit (QIAGEN, Hilden,
Germany) and sequenced on both ends by an ABI-3730XL
capillary machine (Macrogen© Inc., South Korea) using
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sequence-tagged site primer pairs (SB83 and SB227) and ST-
specific primer pairs (ST9). The raw nucleotide sequences and
chromatograms of both forward and reverse directions were
viewed and analyzed using the Chromas program as imple-
mented in the software BioEdit version 7.2.5 [29], and con-
sensus sequences were assembled and aligned using Clustal
W, as implemented in this software. The final aligned se-
quences are converted in FASTA format for further analysis
and alsomakingmatrix of divergence or similarity. Consensus
sequences were compared with homologous sequences in the
GenBank database using the BLAST algorithm [30]. Each
subtype (ST1, ST3, and ST9) was approved by closest simi-
larity or an exact match with recorded sequence data for
Blastocystis sp. Genetic divergence between each
Blastocystis sp. sequences and also those downloaded from
GenBank were calculated according to Kimura 2-parameter
model by MEGAX software [31].

Nucleotide Sequence Accession Numbers

Three samples were submitted to GenBank (accession num-
bers MF774610–12).

Statistical Analysis

To statist ically assess the relationship between
Blastocystis sp. prevalence, clinical symptoms, and level
of education, the chi-square test was exerted using SPSS
software (version 20, IBM Inc., USA). Also, the inde-
pendent t test was performed to demonstrate a possible
correlation between estimated prevalence of infection
and age as well as the period of hospitalization.

Results

Microscopic Examination and Conventional PCR

Out of 58 stool samples, 22 cases (37.9%) were positive micro-
scopically, whereas 32 cases (55.2%) were shown 310-bp band
and to be positive with the PCRmethod (Fig. 1). In the detection
of Blastocystis positive cases, the molecular method was more
sensitive compared with the microscopic method. Twenty-two
positive samples in direct microscopy were also PCR positive.

Subtyping and Sequencing

Subtyping of positive Blastocystis samples using ST-specific
primer pairs, sequence-tagged site (STS) primers, and se-
quencing demonstrated that 28 cases (87.5%) were ST3, 3
cases (9.4%) were ST9, and one case (3.1%) was ST1, there
were no reports of ST2, ST4-ST8, and mixed subtypes among
examined samples (Table 2). ST3 was reported as a dominant
subtype among schizophrenic patients in the present study.

Nucleotide Sequence Similarity and Genetic Diversity

Three nucleotide sequences were submitted to GenBank, so that
the sequences of ST1 obtained in the present study with acces-
sion number MF774610 showed 99.7% identity to a published
sequence from Iran (AB714500). Kimura 2-parameter (K2P)
Mean genetic divergence between these sequences was 0.3%.
The sequences of ST3 with accession number MF774611
showed 98.7% identity to other published sequence from Iran
(JX483861) with 1.3% mean K2P genetic divergence.
Furthermore, the sequences of ST9 obtained in the present study

Table 1 Seven pairs of sequence-tagged site primers (STS) along with two pairs of ST-specific primers and expected PCR product

Subtype Primer PCR
product size

GenBank accession
number

Sequences Ref

ST1 SB83 351-bp AF166086 F: GAAGGACTCTCTGACGATGA
R: GTCCAAATGAAAGGCAGC

[27]

ST2 SB340 704-bp AY048752 F: TGTTCTTGTGTCTTCTCAGCTC
R: TTCTTTCACACTCCCGTCAT

[27]

ST3 SB227 526-bp AF166088 F: TAGGATTTGGTGTTTGGAGA
R: TTAGAAGTGAAGGAGATGGAAG

[27]

ST4 SB337 487-bp AY048750 F: GTCTTTCCCTGTCTATTCTGCA
R: AATTCGGTCTGCTTCTTCTG

[27]

ST5 SB336 317-bp AY048751 F: GTGGGTAGAGGAAGGAAAACA
R: AGAACAAGTCGATGAAGTGAGAT

[27]

ST6 SB332 338-bp AF166091 F: GCATCCAGACTACTATCAACATT
R: CCATTTTCAGACAACCACTTA

[27]

ST7 SB155 650-bp AF166087 F: ATCAGCCTACAATCTCCTC
R: ATCGCCACTTCTCCAAT

[27]

ST8 ST-specific 1480-bp AB107970 F: GAATGAAAACCAGTAGACTTAGTCTATTCG
R: CTCTATTCCTTTTACAGACTAGAAAC

[16]

ST9 ST-specific 1030-bp AF408425 F: RAGAATGTCAAATTCTTGTAAAMTARTC
R: CCCAGATACWMAAACGTATCCG

[16]
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with accession number MF774612 showed 99.13 and 98.65%
identity to the sequence with accession number KC138681 from
Denmark and to the sequence with accession number KT438703
from Japan, respectively. These ST9 sequences also showed
98.36% identity to two published sequences from Japan
(AF408425–26). The degree of genetic divergence (Kimura 2-
parameter) between the Blastocystis sp. sequences of the ST9 is
presented in Table 3. Mean genetic diversity within the ST9
sequences from Iran, Denmark, and Japan was 1%.

Blastocystis Infection, Demographic Data,
and Gastrointestinal Symptoms

Demographic characteristics of schizophrenic patients with
Blastocystis sp. infection is presented in (Table 4).

Following statistical analysis of recorded demographic data,
there was no statistically significant correlation between age
(P = 0.2) and level of education (P = 0.5) with Blastocystis sp.
infection. Although, the period of hospitalization was signifi-
cantly correlated to the Blastocystis sp. infection (P = 0.002).
There was no significant difference between frequency of
Blastocystis subtypes in symptomatic and asymptomatic
schizophrenic patients. Also, no associations were found be-
tween Blastocystis positive rate in symptomatic patients and
asymptomatic patients (P = 0.969) (Table 5). Blastocystis in-
fection was more prevalent in asymptomatic patients (55.6%)
compared with symptomatic patients (55%) (Table 5).

Discussion

Regarding diverse genetic variations among Blastocystis sp.
isolates, sophisticated molecular methods are preferred for
subtyping the parasite. For this aim, two molecular tests are
frequently used, including sequencing of small subunit rRNA
gene and PCR on subtype-specific sequence-tagged-sites
(STSs) [27]. Until now, Blastocystis sp. subtyping in Iran
has not yet been accomplished by seven pairs of sequence-
tagged site primers along with ST-specific primers. So, we
sought to determine the prevalence of Blastocystis sp. infec-
tion and its dedicated human subtypes in schizophrenic pa-
tients in Tehran Province, Iran. Schizophrenic patients encom-
pass 1 % of the world’s population [32]. Totally, 37.9% rate of
prevalence was obtained in microscopy, while the sensitive
PCR yielded a 55.2% prevalence rate. All positive samples
in microscopy were confirmed for the infection with PCR
method. Some limitations of microscopy such as low sensitiv-
ity, requiring expert technicians and incapability in the detec-
tion of Blastocystis sp. subtypes, confine its utilization for
diagnostic purposes [33].Moreover, some studies indicate that
the parasite culture is appropriate for routine diagnosis and
epidemiologic studies. Although some parasite isolates in axe-
nic cultures do not grow or grow slowly, hence the PCR tech-
nique is the method of choice for subtyping the parasite [5,
34–36].

Fig. 1 PCR product electrophoresis of 18S rRNA gene of Blastocystis on
1/5% agarose gel. MM 100-bp molecular marker; lane 1 Blastocystis
isolate in the present study; lane 2 positive control; lane 3 negative control

Table 3 Kimura 2-parameter genetic divergence (%) between the
Blastocystis sp. sequences of subtype 9 obtained in the present study
and related similar published sequences downloaded from GenBank

Accession number-subtype 1 2 3 4

1-MF774612-ST9 (present study)

2-KC138681-ST9 (Denmark) 0.5%

3-KT438703-ST9 (Japan) 1.1% 0.58%

4-AF408426-ST9 (Japan) 1.2% 0.68% 0.48%

5-AF408425-ST9 (Japan) 1.2% 0.68% 0.48% 0.2%

Table 2 Identified subtypes of Blastocystis sp. among 58 stool samples
of schizophrenic patients in the present study

Subtype Positive number Prevalence (%)

ST1 1 3.1

ST3 28 87.5

ST9 3 9.4

Total no 32 100
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In the present study, the PCR procedure was employed for
accurate detection of Blastocystis sp. subtype analysis which
demonstrated that 28 cases (87.5%) were infected to ST3,
which was probably anticipated due to long-term hospitaliza-
tion of patients and low contact with outdoors. Based on previ-
ous studies, the human-to-human transmission is presumably
the routine pathway of infection for ST3. This subtype is the

most frequent isolate in symptomatic and asymptomatic indi-
viduals [33, 37, 38]. In Iran, different studies with various de-
tection methods have been used for Blastocystis sp. subtyping.
Motazedian and colleagues used restriction fragment length
polymorphism (RFLP) to identify subtypes, and hence they
recognized 7 ribodemes [39]. Some other studies employed
STS primers such as Badparva et al., Moosavi et al., and
Khademvatan et al., suggesting ST3 as a dominant subtype,
followed by other isolates, consisting of ST1, ST2, ST4, ST5,
and ST7 [35, 40, 41]. Yoshikawa et al.’s primers were used to
detect ST9 in the current study [16], which possessed high-
grade sensitivity to reveal this subtype. The recorded ST9 in
our study is very uncommon globally, with only four isolates
worldwide and no reports from Iran [4, 16]. This is the first
documentation of this rare subtype in Iran. In a study by
Yoshikawa and colleagues, 32% of examined isolates were
ST6 and ST7 as well as an unknown isolate, which was later
recognized as ST9 [27]. One of the four reported isolates of ST9
was identified in a patient with gastrointestinal symptoms in
Denmark [42]; the other three isolates were distinguished by
Yoshikawa in Japan. Since ST9 has not yet been isolated from
non-human sources, its origin still is open to question [16].

However, molecular genetic analysis of the SSU rDNA gene
conducted using the Kimura 2-parameter model showed that
Blastocystis sp. sequences of ST9 obtained in the present study
was more close to the sequences of ST9 from Denmark with a
genetic divergence of 0.5% while mean genetic divergence be-
tween ST9 sequences from Iran (present study) and Japan was
1.1 to 1.2% (Table 3). Mean genetic diversity within the ST9
sequences from these countries was 1% that can be clinically
important for this rare subtype because it only has been detected
in humans.

The STS primers only amplify Blastocystis sp. DNA; hence
they possess high specificity that also detects mixed subtype
infections and obviates the need for sequencing. Our knowledge

Table 5 Prevalence and subtype
distribution of Blastocystis
infection in symptomatic and
asymptomatic (gastrointestinal
symptoms) schizophrenic patients
in the present study

Symptoms No. patients No. infected (%) p value Subtype

ST1 ST3 ST9

Symptomatic

Abdominal pain 11 8 (72.7) 0.969 - 7 1

Diarrhea 9 6 (66.7) - 5 1

Flatulence 6 2 (33.4) - 2 -

Anorexia 3 1 (33.4) - 1 -

Constipation 5 2 (40) - 2 -

Nausea/vomiting 4 1 (25) - 1 -

Melena 2 2 (100) 1 1 -

Subtotal no 40 22 (55) 1 19 2

Asymptomatic 18 10 (55.6) - 9 1

Total no 58 32 (55.2) 1 28 3

Table 4 Demographic characteristics of schizophrenic patients with
Blastocystis sp. infection

Risk factor No. examined No. infected P value

Age group 0.2a

0–40 11 5

40–50 12 4

50–60 23 15

More than 60 12 8

Educational status 0.5b

Illiterate 5 3

Primary school 9 5

Secondary school 6 2

High school 21 12

Diploma 11 6

Higher than diploma 6 4

Period of hospitalization 0.002a

Lower than 5 years 10 1

5–10 14 6

10–15 8 5

15–20 13 12

20–25 4 3

More than 25 years 9 5

a: independent T test

b: chi-square
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about the target regions of the STS gene, the amount of conser-
vation, and the level of difference among them is limited. Owing
to the fact that there are few sequences of STS products, we are
not aware of the variation degree in various loci of different
subtypes. For instance, ST3 is less conserved and it’s even more
difficult when describing the variation within genotypes of ST3
[19]. Few studies have indicated a high genetic variation in the
STS region. The sample with this alteration in the current study
supports this hypothesis with 98% identity to the registered sam-
ple byMoosavi et al. [35]. The statistically significant correlation
between the period of hospitalization and Blastocystis sp. infec-
tion (P = 0.002) highlights the prominent role of the fecal-oral
route. However, there wasn’t any statistically significant correla-
tion between age and level of education with the prevalence of
infection.

In the current study, similar to the previous study [7], there
was no significant difference between frequency of
Blastocystis subtypes in symptomatic and asymptomatic
schizophrenic patients. Also, no associations were found be-
tween Blastocystis positive rate in symptomatic patients and
asymptomatic patients. Although there was no significant dif-
ference in the prevalence and subtype distribution of
Blastocystis in symptomatic and asymptomatic schizophrenic
patients, similar to the previous study [43], Blastocystis infec-
tion was more prevalent in asymptomatic patients (55.6%)
compared with symptomatic patients (55%).

Although parasitic diseases have declined in recent decades,
however, these diseases are prevalent in developing countries.
On the other hand, patients with schizophrenia because of hav-
ing mental problems, lack of control over personal behaviors,
and failure to comply with individual health, self-contamina-
tion, and continuation of the infection are susceptible to various
infections, one of which can be parasitic infections. Self-
contamination in these patients results in the persistence of
infection and increased parasitic burden of Blastocystis, which
can lead to digestive problems and inflammation, as well as a
suitable area for other infectious diseases. These events will
worsen the conditions of psychotic illness in these people and
endanger their health. Because of the sensitivity of the physical,
health, and mental conditions of schizophrenic patients and
pathogenic subtypes of Blastocystis sp., diagnosis, and control
of Blastocystis sp., infection can be very helpful in improving
the health and hygienic conditions of patients with schizophre-
nia. Therefore, from a logical point of view, it was necessary to
consider the prevalence and subtype distribution of Blastocystis
sp. in schizophrenic patients in Tehran Province, Iran.

Conclusion

Based on the results of the current study, the microscopic
examination has low sensitivity, and hence molecular tech-
niques are recommended to determine the Blastocystis sp.

infection. The Blastocystis sp. prevalence in schizophrenic
patients in Tehran province was reported to be 55.2%.
Blastocystis infection was more prevalent in asymptomatic
patients (55.6%) compared with symptomatic patients
(55%). The higher abundance of ST3 and significant relation-
ship between the duration of hospitalization and the infection
emphasize the possibility of human to human transmission,
suggesting the low hygiene practices among the examined
population. However, there was no significant difference be-
tween frequency of Blastocystis subtypes in symptomatic and
asymptomatic schizophrenic patients. Also, no associations
were found between Blastocystis positive rate in symptomatic
patients and asymptomatic patients. This study was the first
report of the ST9 of Blastocystis sp. in Iran. Therefore, it’s
highly recommended to perform further studies in order to
clarify the exact prevalence status of this rare subtype in the
country. On the other hand, the prevalence of Blastocystis sp.
was very high in our study population among schizophrenic
patients. Due to health conditions and lack of awareness, these
patients seem to be susceptible to many other infections that
need more care, accuracy, prevention, and control.
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