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There are inconsistent findings about the role of Blastocystis infection in irritable bowel syndrome (IBS). The pres-
ent study was aimed to determine the frequency of Blastocystis and their subtypes (ST) in patients with IBS. A
total of 122 patients with IBS and 122 healthy individuals referred to the medical laboratory centers in Ahvaz
(southwest of Iran) participated in the study. The frequency of Blastocystiswas determined. Blastocystis genomic
DNAwas extracted frompositive feces, and PCRwas performed using seven primer pairs targeting the SSU rDNA
gene. Blastocystiswas detected in 19.67% of patients with IBS and 17.2% of individuals without IBS. The difference
between two groups was not statistically significant (P= 0.3). Among the five subtypes of Blastocystis, ST3 was
more common in patients with IBS and control group. However, there were no significant differences between
two groups in terms of subtypes of Blastocystis (P = 0.6). It seems, the role of Blastocystis in the etiology of IBS
should be further investigated. Furthermore, a model of study should be designed to investigate the role of
host factors in severity of parasitic disease.

© 2017 Published by Elsevier Ireland Ltd.
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1. Introduction

Irritable bowel syndrome (IBS) is a chronic functional disorder of the
gastrointestinal tract. It is a common healthcare problem with world-
wide distribution that reduces the quality of life [1]. Young adults and
people over the age of 50 years are more prone to IBS, and women are
2–3 times more frequently exposed [2]. The disease is characterized
by abdominal pain, flatulence, irregular bowel movements and, diar-
rhea or constipation in the absence of organic etiology [1]. According
to the widely used Rome II criteria, IBS sufferers can be clustered into
three symptom groups based on the stool appearance, stool frequency,
and defecatory symptoms: diarrhea (IBS-D), constipation (IBS-C), and
mixed type (IBS-M) with alternating occurrence of both diarrhea and
constipation [1,2]. More recently, the Rome III criteria, which focused
on the symptom frequency over persistence, have been issued [2].
itute for Infectious Diseases of
ical Sciences, and Cellular and
ical Sciences, Urmia, PO Box:
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IBS is one of the most common complaints that disturbs the socio-
economical life of patients [3]. The disease has a high prevalence in
western countries ranging between 12–15% [4]. In Asian countries,
some studies have shown the prevalence of IBS between 3.5–25% [5].
Several epidemiological studies have recorded the prevalence of IBS in
Iran to vary between 4% to 12.6% [6]. The causes and pathophysiology
of IBS are unknown. Several factors, including visceral hypersensitivity,
irregular gut motility, and autonomous nervous system dysfunction are
reported as probable causes of the signs and symptoms of IBS. Other
studies have shown that genetic factors, chronic stress, and chronic im-
mune activation can predispose people to developing IBS [7,8]. There is
reliable evidence showing that IBS may be the result of an acute infec-
tious gastroenteritis, post infection (PI_ IBS); the infectious agents in-
volved in the development of IBS include pathogenic bacteria, viruses,
and parasites [9]. One of the parasites thatmay be involved in the devel-
opment of IBS is Blastocystis; an enteric cosmopolitan protist and one of
the most common parasites found in stool samples [9]. The prevalence
of Blastocystis has been reported in the variable range from 1.5% to
10% and 30 to 50% in the developed and developing countries, respec-
tively [10].

There has been debate concerning the pathogenicity of Blastocystis
in several studies [35]. Someof these studies specified an association be-
tween the parasite and IBS [11–14], while others did not report
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Table 1
Frequency of symptoms in IBS and control group.

Symptoms IBS group Control group P-value

Abdominal pain 73 (59.8%) 13 (10.6%) P b 0.05
Diarrhea 27 (22.1%) 16 (13.1%) P b 0.05
Constipation 30 (24.5%) 17 (13.9%) P b 0.05
Alternating diarrhea/constipation 36 (29.5%) 9 (7.3%) P b 0.05
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association that have been attributed with IBS [10,15]. Molecular and
phylogenetic studies suggested that humans can involve with multiple
subtypes of Blastocystis, as well as a number of factors such as intensity
of infection, host immunity and parasite subtypes (STs) are considered
for its pathogenicity [16,17]. The presence of sufficient information on
the subtypes of Blastocystis found in IBS patients would be of interest
in understanding the importance and role of Blastocystis infection in
chronic illness. Thus, this study aimed to determine the frequency and
identify Blastocystis subtypes in patients with IBS, in Ahvaz, southwest-
ern Iran.

2. Materials and methods

2.1. Study area

Ahvaz city, capital of Khuzestan province which is located in the
southwest of Iran (31°50′N and 49°11′E), is ranked as the 7th largest
city throughout the country and based on the latest census, its popula-
tionwas calculated 1,395,184 in 352,128 families.Weather temperature
is highly variable throughout the year so that in summer temperature
exceeds 50 °C whereas in winter it falls to 5 °C. Also, annual average
rainfall is approximately 230 mm [33].

2.2. Study design and population

This descriptive study was conducted over a period of 24 months
from 2012 to 2014. The sample of the study consisted of 244 subjects
(122 patients diagnosed with IBS and 122 individuals without IBS,
with the age range of participants was 20–50 years) whowere referred
to the medical laboratory centers of Ahvaz, southwest of Iran by a gas-
troenterologist. Ethical approval was obtained from the Committee of
Research, Publications and Ethics of the Faculty of Medicine, Ahvaz
Jundishapur University of Medical Sciences. Before collecting stool sam-
ples, a written informed consent was obtained from participants.

2.3. Inclusion criteria

Patientswere classified according to Rome III criteria as IBS category.
According to these diagnostic criteria, IBS was defined by recurrent ab-
dominal pain or discomfort at least 3-day per month in the last 3-
month, associated with two or more of the following: improvement
with defecation, onset associated with a change in frequency of stool,
and onset associatedwith a change in form (appearance) of stool. Infor-
mation about their medical history was obtained.

2.4. Exclusion criteria

Patients with pregnancy, the presence of thyroid disorders, chronic
diseases, e.g., chronic liver or kidney diseases; intestinal surgery such
as appendectomy and choledochotomy; being under antibiotic treat-
ment during last month, being under chemotherapy.

2.5. Stool collection and examination

Fecal specimens were obtained from both IBS and control groups.
The consistency of all stool samples, including formed, soft, loose, and
watery was noted. All samples were examined through wet and lugol
smears. Stool examination was performed and Blastocystis-positive
stools were stained by Trichrome method.

2.6. DNA extraction

Genomic DNA of each isolate was extracted using a DNA extraction
kit according to the manufacturer's protocol (QIAamp, QIAGEN Inc.,
Germany). Stool specimens that were co-infected with other parasites
were excluded. Eventually, the extracted DNA was stored at −20 °C
until PCR amplification.

2.7. Subtyping

PCRwas performed using specific sequence-tagged site (STS) primers
to identify subtypes of Blastocystis, including SB83 (351 bp) for ST1,
SB340 (704 bp) for ST2, SB227 (526 bp) for ST3, SB337 (487 bp) for
ST4, SB336 (317 bp) for ST5, SB332 (338 bp) for ST6, and SB155
(650 bp) for ST7 [18]. PCR reaction mixtures (25 μl of total volume)
consisted of PCR buffer 1× [10 mM Tris-HCl, pH 8.8, and 50 mM KCl],
1.5 mM MgCl2, 2.5 U/μl of Taq polymerase (Fermentas), 1.25 μM of
each dNTPs (Fermantas), 0.5 pmol of each primer, and 5 μl of the DNA
sample. The PCR conditions consisted of one cycle denaturing at 94 °C
for 5 min, 40 cycles, including annealing at 57 °C for 30 s, extending at
72 °C for 60 s, denaturing at 94 °C for 30 s, and additional cycle with
5-min chain elongation at 72 °C (MyCycler, Bio-Rad, Hercules, CA,
USA). The amplification products were electrophoresed on 2% agarose
gels and Tris-borate-EDTA buffer. Gels were stained with ethidium bro-
mide and photographed using an ultraviolet gel documentation system
(Uvidoc, Gel Documentation System, Cambridge, UK) [33,34]. The PCR
amplification for each primer pair was done thrice for each isolate.

2.8. Sequence analysis

PCR amplification of sequences from 23 randomly selected
Blastocystis isolates was performed by MWG (Biotech AG, Germany),
and were analyzed and graphics were generated using Chromas 2.23
software (Technelysium Pty Ltd. Australia). Sequences were individual-
ly compared with Blastocystis SSU-rRNA gene sequences available in
GenBank using the basic local alignment search tool (BLAST) algorithm.
Each sequence was then aligned with a panel of reference sequences
from GenBank using the ClustalW program to determine sequence
similarity.

2.9. Statistical analysis

Data were analyzed using Chi-square test and Fisher's exact test. A P
value b 0.05 was considered as significant. Statistical analysis was car-
ried out using SPSS v18.

3. Results

Among patients with IBS, 55% (n=67)weremale and 45% (n=55)
were female. The mean age of the patients was 38 years. The control
group consisted of 64 (52.45%) males and 58 (47.55%) females; the
mean age of this groupwas 31 years. Therewas no significant difference
between the two groups in age and gender (P N 0.05). Individuals' chief
complaints were abdominal pain, diarrhea, and constipation. Frequency
of participants with different symptoms of IBS are listed in Table 1.
Blastocystis was detected in 19.67% (n = 24) of patients with IBS and
17.2% (n=21) of individualswithout IBS. Therewere no significant dif-
ferences in Blastocystis between two groups (P = 0.3). Prevalence of
Blastocystis in participants with different stool consistencywas reported
in Table 2.



Table 2
Frequency of Blastocystis in participants with different stool consistency.

Stool Consistency Formed Soft Loosed Watery Total P-value
Frequency (%) No. (%) No. (%) No. (%) No. (%) No. (%)

Patients with IBS Blastocystis positive 6/42 (14.28%) 9/51 (17.64%) 4/12 (33.33%) 5/17 (29.41%) 24/122 (19.67%) 0.34
Control group Blastocystis positive 4/68 (5.88%) 6/35 (17.14%) 6/6 (100%) 5/13 (38.46%) 21/122 (17.21%) b0.001
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In both groups, Blastocystiswas more prevalent in participants with
loosed and watery stool. There were significant differences in preva-
lence of Blastocystis among individuals of the control group with differ-
ent stool consistency (P b 0.001) and, Blastocystiswasmore prevalent in
participants with loosed stool. However, there was no significant differ-
ence between patients with IBS in this regard (P=0.34) (Table 2). Sub-
types of Blastocystis sp. were identified by PCR. The most frequent
genotype was ST3 (50%) in patients with IBS, and (42.85%) in the con-
trol group. There was no significant difference between two groups in
subtypes of Blastocystis sp. (P = 0.6) (Table 3).

Multiple sequence alignment of randomly selected samples con-
firmed the PCR results; DNA sequences from isolates were aligned
with the SSU rDNA gene of their closest match reference strains from
GenBank. Comparative molecular analysis of Blastocystis sequences
with other GenBank sequence STs showed high similarity to homolo-
gous sequences from previously, reported Blastocystis isolates stored
in GenBank (http://www.ncbi.nlm.nih.gov/nuccore/).
4. Discussion

IBS is the most prevalent functional gastrointestinal disorder with a
worldwide distribution [5]. Studies from Europe and the Middle East
have found that approximately 30–40% of IBS patients are Blastocystis
carriers [2,5]. As Blastocystis sp. can be found in both symptomatic and
asymptomatic patients, there are conflicting views about its pathoge-
nicity. However, an increasingly number of studies cited the pathogenic
potential of Blastocystis sp. [14,16,19]. The prevalence of Blastocystis in
the IBS and control groups was not significantly different (P = 0.3).
Our finding was in agreement with those reports of no relationship be-
tween presence of Blastocystis in feces and diagnosis of IBS [10,15]. In
contrast, in the studies conducted by Boorom et al., [20] and, Yakoob
et al., [13], association between Blastocystis and IBS was suggested,
and Blastocystiswasmore frequently demonstrated in the fecal samples
of IBS patients than in control group. Nevertheless, some authors have
suggested that the abnormal intestinal tract provides conditions suit-
able for the proliferation of Blastocystis. It is possible that Blastocystis in-
fection is a sign of intestinal disorder rather than a cause of IBS.
Whenever Blastocystis is detected in stool samples of patients with
IBS, it does not necessarily mean that the symptoms are due to this or-
ganism, and other infective and non-infectious causes should be inves-
tigated [10,21].

It has been considered that molecular variation and different sub-
types may be correlated with the pathogenic potential of Blastocystis
[13,19]. In this study, ST3 in both IBS and control groups were shown
to have higher prevalence than the others. ST3 is the most prevalent
ST in the human population in various symptomatic and asymptomatic
people followed by ST1 [11,22,23]. In a study by Dogruman-Al et al.,
Blastocystis subtypes identified in patients presenting with IBS, IBD,
Table 3
Blastocystis subtypes in patients with IBS and control group.

Subtype I II III
No. (%) No. (%) No. (%)

Patients with IBS 9/24 (37.5%) 0/24 (0%) 12/24 (50%
Subjects of control group 8/21 (38.09%) 0/21 (0%) 9/21 (42.8
chronic diarrhea and asymptomatic patients in Turkey and subtypes 2
and 3 were associated with chronic infection in both symptomatic and
asymptomatic individuals [11]. Previously, a possible link between sub-
type 2 and asymptomatic infections of Blastocystis was reported [12];
whereas in our results subtype 2 was not observed in either symptom-
atic or asymptomatic groups.

Our phylogenetic analysis in patients presenting with IBS suffering
from chronic diarrhea showed subtype 4 as a zoonotic subtype that is
commonly found in rats and wild birds. Interestingly, in studies done
by Dominguez-Marques et al., and Stensvold et al., also found a strong
preponderance (94.1% and 76.0%, respectively) of ST4 among individ-
uals suffering mainly from acute diarrhea [24,25]. Previous works in
contrast with our findings mentioned that zoonotic subtypes (subtypes
4, 6, 7), have not been commonly found in patients with chronic infec-
tions [20]. These complicated results showed no significance in the dif-
ference in the distribution of Blastocystis STs between IBS and control
groups, and symptomswere probably associatedwith host genetics, im-
munity, or intensity of infection. A similar event has been reported in
amoebiasis, where the identical strain caused asymptomatic or severe
symptomatic infection in different peoples [26]. Similar to Entamoeba
histolytica infection in which effective cytokine may lead to the expres-
sion of symptoms, production of high levels of TNF-α cytokine and low
levels of immunosuppressive IL-10 are over-represented in the IBS pop-
ulation [26,27]. Also, a 29-kDa parasite protein and a parasite associated
protease has been noted as potential markers of pathogenicity [28]. Ap-
optosis of intestinal cells, epithelial barrier function disturbance, and
modulation of host immune response are other pathological factors
exploited by Blastocystis [29].

It has been suggested that low-grade inflammation, due to ongoing
immune activation causedby carriage or infectionwith Blastocystis, pro-
viding persistent antigenic exposure, could play a role in IBS [21]. In this
study, the predominant symptom in the IBS group was abdominal pain.
Themain reason for gastrointestinal symptoms in IBS patient is thought
to be serine protease production [30]. Secretion of proteases at high
levels is protozoa-specific and is not found in bacterial or viral infection.
This enzyme damaged intestinal permeability and caused diarrhea in
IBS patients [31]. Also, proteases are produced by Blastocystis to degrade
secretory IgA as a defense mechanism. The release of high levels of IgA
is a common factor in symptomatic, but not asymptomatic, cases of
Blastocystis [32].

In conclusion, in this study, Blastocystis ST3 and ST1 were the most
frequently detected, subtypes, and their prevalence were not signifi-
cantly different in IBS and control groups. The study of Blastocystis that
specifically identifies the subtype of Blastocystis in patients' pathogenic
behavior in those subtypes may help us better understand the role of
this protist infection in complicated chronic intestinal disease, such as
IBS.We suggest that further studies are needed to control and eliminate
the effect of other pathogens and host factors to understand the correla-
tion between Blastocystis and IBS.
IV V Mix P-value
No. (%) No. (%) No. (%)

) 2/24 (8.33%) 1/24 (4.16%) 0 (0%) 0.6
5%) 1/21 (4.76%) 3/21 (14.28%) 0 (0%)
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