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Abstract Blastocystis hominis with worldwide distribution is
a human intestinal protozoa found in all countries. There have
been differences in the severity of the pathogenesis of various
Blastocystis spp. and a concomitant variation in the plasma
concentration of the cytokines in patients with irritable bowel
syndrome. In the present study, we aimed to demonstrate the
contribution of B. hominis subtypes in the development of
irritable bowel syndrome. Stool samples were collected from
patients with gastrointestinal disorders. All samples were eval-
uated through native-lugol method. Total DNA was extracted.
A PCR protocol was developed to amplify a specific region of
the SSU ribosomal DNA (rDNA) gene. Serum levels of IL-6
and TNF-o were determined by immunoassay methods. The
Clustal W algorithm was applied to align and blast the nucle-
otide sequences of the amplified region of the SSU rDNA
gene. To evaluate the phylogenetic and molecular evolution-
ary of the nucleotide sequences, we used the MEGA software.
In this study, we found 26 haplotypes of B. hominis in the
studied samples which were collectively belong to five sub-
types (ST1, ST2 in patients without irritable bowel syndrome
vs. ST3 and two unknown subtypes in patients with irritable
bowel syndrome). Result of ELISA showed a high level of IL-
6 and TNF-« in the serum of patients with irritable bowel
syndrome. The genetic heterogeneity of B. hominis and the
existence of different subtypes of the protozoan in patients
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with IBS may shed light to the fact that some subtypes of
parasites may involve in the pathogenesis of IBS.
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Introduction

Blastocystis hominis (B. hominis) with worldwide distribution
is a human intestinal protozoa found with high frequency in all
countries (Tan 2004). Involvement of the protozoan in a wide
range of animals has also been corroborated. Its infection rate
varies from developed to developing countries (10 to 50 %,
respectively) (Shawky et al. 2011), and in Iran, these figures
vary from 4.6 to 51.4 % (Heidari and Rokni 2003; Motazedian
et al. 2008).

Taxonomic status of this species was unknown until mo-
lecular methods developed. Consequently, genome of this par-
asite was analyzed by Arisue et al. (2002) using combination
eight molecules defined this protozoan as a stramenopile
(Arisue et al. 2002) that is a branch of the new taxon
Chromalveolata (Adl et al. 2005).

Despite numerous studies, there is still a main controversy
on the pathogenic role of B. hominis, and it frequently found
not only in healthy people but also in person with enteric
symptoms but is generally self-limiting (Shawky et al.
2011). However, in many studies, B. hominis have considered
responsible for the gastrointestinal symptoms (Pipatsatitpong
etal. 2012). The conflicting reports about the pathogenicity of
this protozoan may be due to existence of different subspecies
that might have varying degrees of pathogenic capabilities
(Bohm-Gloning et al. 1997; Vogelberg et al. 2010; Yakoob
et al. 2010).
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Irritable bowel syndrome (IBS) is the syndrome with num-
bers symptoms cause gastrointestinal disorder (Singh et al.
2003). Patients with this syndrome defined with some criteria
named Rome III: presence of recurrent pain or uncomfortably
on abdomen for at least 3 days per month (during the last
3 months) accompanied to the two or more of the following
symptoms: (i) comfortable sensation after stool defecation, (ii)
alteration in the frequency of stool defecation, (iii) alteration in
the form or appearance of stool (Ramirez-Miranda et al.
2010); in addition, depression, anxiety, fatigue, insomnia,
bloating, diarrhea or constipation, or both, passing mucus,
and feeling that your symptoms are worse after eating
(Singh et al. 2003). Physicians diagnose IBS using these
symptom-based criteria.

The main cause of the disease remains unknown but it
seems is a multi-factorial disease. Infectious origin of IBS
has been suspected but has not yet been proven. Many studies
showed B. hominis is more frequent in patients with IBS, and
there is an association between Blastocystis spp. with irritable
bowel syndrome (Longstreth et al. 2006; Coyle et al. 2012;
Eida and Eida 2008; Eltayeb et al. 2013; Poirier et al. 2012;
Nagel et al. 2014).

As expected, differences in severity among the different
cubtypes of Blastocystis were observed (Poirier et al. 2012).
Atleast 10 B. hominis subspecies (genotypes) have been iden-
tified. (Eltayeb et al. 2013) Changes in cytokine (interleukin
(IL)-6, IL-8, and tumor necrosis factor-oc (TNF-t)) secretion
have been reported in the plasma and peripheral blood mono-
nuclear cells of IBS patients (Nagel et al. 2014).

Many studies showed pathogenic potential of B. hominis is
related to heterogeneity and morphological diversity.
Genotyping analysis and in addition diversity in morphology
revealed that B. hominis is genetically and antigenically di-
verse protozoan and suggested that this diversity in morphol-
ogy and genetic is related to geographical regions and several
strains or species of this parasite exist in different areas (Cruz
et al. 2003).

Alteration in the immune function caused by microbial-
derived mediators has been proposed to play a role in the
pathology of IBS (Hughes et al. 2013a, b). In this regard, the
cytokines, TNF- «, and IL-6, sensitize colonic afferent and
enteric nerves to mechanical stimuli, are potentiating the
symptoms of IBS (Liebregts et al. 2007; Ibeakanma and
Vanner 2010; O’Malley et al. 2011). Furthermore, higher
levels of the cytokines were reported in the serum of patients
with IBS in comparison with healthy subjects (Liebregts et al.
2007). Interleukin-6 is predominately produced by T cells and
macrophages (Dich and Rincon 2002). Interestingly, a signif-
icantly more number of T cells were found in the gastrointes-
tinal wall of IBS patients compared with control subjects
(Hughes et al. 2013a; Liebregts et al. 2007), further highlight-
ing the involvement of IL-6 in the pathology of IBS.
Contribution of the mentioned cytokines in the pathology of
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IBS is unequivocal; however, the primary factor(s) that led to
induction of the cytokines in relation to IBS is/are extensively
unknown. We hypothesized that some varieties of the parasite
B. hominis may somehow provoke production of the cyto-
kines, leading to the development of IBS.

In this study we are looking for find out relationship be-
tween B. hominis different subtypes with IBS and inflamma-
tory cytokines secretion.

It is thought that identifying related genotypic varieties
among the symptomatic and asymptomatic isolates should
assist in determining the pathogenicity of Blastocystis by
clearly assigning symptoms to its genotype (Heidari and
Rokni 2003). Polymerase chain reaction (PCR) can be cur-
rently used to differentiate and stratify various strains, species,
and pathogenic forms of B. hominis. Subtype-specific
sequence-tagged-site (STS) primers have been designed and
used in research setting for determining different genotypes of
B. hominis isolates in humans and animals (Shawky et al.
2011).

Material and methods
Samples collection

Stool samples were collected from patients with gastrointesti-
nal disorders referred to health care centers in Ilam city, Iran
(west of country). From all of them, medical records were
taken. Individuals are diagnosed by gastroenterologist.
Patients were classified as follows: (i) patients with gastroin-
testinal disorders but not IBS and (ii) patients with symptoms
IBS: individuals meeting Rome criteria III (Ramirez-Miranda
et al. 2010), as formerly mentioned, who attended the gastro-
enterology clinic at the Ilam city. Eighty fecal samples were
collected from patients with IBS (40 samples, female/male 15/
25, age 40+4.21) and without IBS (40 samples, female/male
19/21, age 45.4+3.5). Both groups were matched for age and
Sex.

All samples were evaluated through native-lugol method.
Stool samples containing other parasites were excluded from
our study. Only B. hominis-positive stool samples were stored
in —20° C until the DNA was extracted.

Genomic DNA extraction

Total DNA from human stools was extracted using the
BIONEER AccuPrep Stool DNA Extraction Kit (Bioneer,
South Korea, Lot No. 1301D) according to the manufacturer’s
instructions. Briefly, one gram of homogenized stool sample,
after thawing and weighting, was suspended thoroughly in
lysis buffer. The mixture was warmed to 95 °C to enhance
DNA vyield, eliminate inhibitors, and improve proteinase K
digestion prior DNA eluting in TE buffer.
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Blood specimens for inflammatory factor

Five milliliters of peripheral blood was taken from each pa-
tient and then sample serum was separated and stored in
—20 °C freezer.

PCR amplification

Successful DNA extraction was demonstrated by PCR ampli-
fication for ribosomal DNA. Amplification of the specific
fragment of the SSU rDNA gene from Blastocystis specimens
was accomplished by a developed PCR protocol. The primers
are forward Blast 505-532 (5" GGA GGT AGT GAC AAT
AAATC 3’) and reverse Blast 998—-1017 (5' TGC TTT CGC
ACT TGT TCATC 3') previously used by Santin et al. (2011).
Each 25 ul PCR mixture contained 1x PCR buffer, 1.5 mM
MgCl2, 0.2 mMdNTP, 2.5 U Taq (Qbiogene, Irvine, CA),
2.5 ul BSA (0.1 g/10 ml), and1 pM of each primer. A total
of 35 cycles, each consisting of 95° C for 30 s, 54° C for 30 s,
and 72° C for 30 s, was performed; an initial pre-heat step at
95° C for 4 min and a final extension step at 72° C for 10 min
were also included. The PCR products were separated by
electrophoresis on 1.2 % agarose gels containing ethidium
bromide and visualized by trans-illumination with ultraviolet
light.

Measurements of IL-6and TNF-x

The levels of IL-6 (pg/ml) and TNF-« (pg/ml) were measured
using enzyme-linked immunosorbent assays (ELISA). The
ABCAM Human IL-6 ELISA Kit (ab46027) and alpha human
TNF- ELISA Kit (a46087) were used to measure IL-6
(human interleukin-6) and TNF-o« (Human TNF-«) levels in
human serum, respectively. Each kit contains one 96-well strip
plate recoated with a human IL-6 and TNF-« capture antibody
and sufficient detection antibody, conjugate, buffers, diluents,
TMB, and stop buffers, as well as lyophilized human IL-6 and
TNF-o standard to analyze several samples.

Molecular analyses

All sequences were subjected to BLAST analysis in GenBank
database to verify the isolates under study as Blastocystis spp..
Subtyping definition for Blastocystis was based on the
Stensvold et al. (2012) method. For aligning the nucleotide
sequences of the study, as well as those genotyping sequences
obtained from GenBank (collectively 10 subtypes were iden-
tified), the Clustal W algorithm was used. According to the
Clustal W algorithm, it would be possible to remove manually
the artificial gaps between blasted sequences. MEGA software
version 4 was applied for phylogenetic and molecular evolu-
tionary analyses (Tamura et al. 2007). The neighbor-joining
(NJ) method of Saitou and Nei (1987) was used for

phylogenetic inference. The reliability of phylogenetic
branches was evaluated by boot strap analyzing (1000 repli-
cates). Phylogenetic trees were constructed using the
neighbor-joining (NJ) method by the help of the software
program MEGA version 3.1.

Results

In this study, stool specimens were collected from all of
80 gastrointestinal symptomatic patients, 40 with IBS
include 25 males and 15 females, ranging in age from
9 to 60 years, and 40 non-IBS include 21 males and 19
females ranging in age from 5 to 73 years. There were
no differences for age and gender between the two
groups (P>0.05).

Stool samples were examined by direct smear, DNA was
extracted for each of the isolates, and level IL6 and TNF-«x
serum samples were tested by standard ELISA. Result of
ELISA showed the level of IL6 and TNF-« in patients with

Table 1  Details of patients from whom Blastocystis was isolated
Sample code Age/sex IBS/non-IBS Subtype Host
BhIR/ILO1 F/48 IBS ST3 Human
BhIR/IL02 F42 IBS Unknown Human
BhIR/IL0O3 F/44 IBS ST3 Human
BhIR/IL04 M/73 IBS Unknown Human
BhIR/ILOS F/19 Non IBS ST1 Human
BhIR/IL06 F/73 Non IBS ST1 Human
BhIR/ILO7 F/73 Non IBS ST3 Human
BhIR/ILOS F/65 Non IBS Unknown Human
BhIR/IL09 F/22 Non IBS ST1 Human
BhIR/IL11 M/24 IBS ST3 Human
BhIR/IL14 M/32 IBS Unknown Human
BhIR/IL15 M/45 IBS ST3 Human
BhIR/IL18 M/46 Non IBS Unknown Human
BhIR/IL19 F/37 IBS ST3 Human
BhIR/IL20 M/39 IBS ST3 Human
BhIR/IL22 M/49 IBS Unknown Human
BhIR/IL25 M/29 IBS ST3 Human
BhIR/IL26 F/30 Non IBS Unknown Human
BhIR/IL27 Fr27 Non IBS ST2 Human
BhIR/IL28 M/43 IBS Unknown Human
BhIR/IL29 F/19 Non IBS ST2 Human
BhIR/IL30 F/33 Non IBS ST2 Human
BhIR/IL31 F/27 Non IBS ST2 Human
BhIR/IL33 F/44 Non IBS ST2 Human
BhIR/IL34 M/40 Non IBS Unknown Human
BhIR/IL35 M/25 Non IBS Unknown Human

F female, M male, /BS irritable bowel syndrome
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Fig. 1 Phylogenetic tree of the
SSU-rDNA gene sequences of
Blastocystis isolates constructed
by the neighbor-joining method
using Megad software (version4).
Isolate or strain names are as
provided in Genbank as available,
followed by accession numbers in
parentheses. Sequences generated
in this study named as B. hominis
IR/11. Proteromonas lacerate
(accession number AY224080)
used as the out-group. Bootstrap
values (%) are indicated at the
internal nodes (1000 replicates).
Bootstrap values of less than 50 %
are not shown

B. hominis IR/IL29
ABOT0987(ST2)
ABOT70997(ST2)
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IBS is more than patients with no IBS. Serum level of Tl-6 was
significantly higher in patients relative to the control subjects
(23.43+4.23 pg/ml vs. 13.50+£3.82 pg/ml, P<0.0001).
Likewise, serum level of TNF-« was significantly elevated
in patients compared with the control group (11.06
+1.88 pg/mlvs. 6.36+1.94 pg/ml, P<0.0001). All 80 isolates
were successfully amplified by PCR. All samples positive to
microscopy were positive on PCR testing with the primers
previously used by Santin et al. (2011).
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At least 26 B. hominis of SSU ribosomal RNA (rRNA)
gene haplotypes have been recognized by alignment analyses
and comparing with those sequences presented in GenBank.
All the analyses were based on the 500 bp of the SSU rRNA
gene B. hominis (without primers). Only 26 out of 80 (32.5 %)
PCR products had enough amplified DNA to directly deter-
mine their sequences (Table 1). Alignment of these sequences
and their homologous from GenBank were revealed to be of
diagnostic value for B. hominis spp.. Each of the SSU rDNA
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gene sequences obtained in this study showed very high sim-
ilarity (from 98 to 100 %) to homologous sequences of the
other Blastocystis isolates reported so far.

The plotted phylogenetic tree revealed five different clades
for 26 specimens, detecting ST-1 in three human specimens,
ST-2 in four human specimen, ST-3 in eight human speci-
mens, and eleven specimens were located within two indepen-
dent and different clades obtained from patients with and with-
out IBS (Fig. 1, Table 1). These two clades are not in agree-
ment with those reported in previous studies and are closely
related together.

All sequences in the present study along with the reference
sequences (Table 2) obtained from GenBank were subjected
to phylogenetic analysis (Fig. 1)

The 16 sequences from the five isolates have been depos-
ited in the GenBank with these accession numbers
(KU168396-KU168411 B. hominis).

Discussion

Blasticystis hominis is a commonly parasitic infection among
humans which its infection rate varies from developed (10 %)
to developing (50 %) countries (Shawky et al. 2011). In this
study, Blastocystis spp. were identified using both direct wet
smears and PCR method; moreover, level of inflammatory
factors (IL6 & TNF «) were detected by ELISA. Despite a
lot of studies, the pathogenicity of B. hominis is still contro-
versial but it is frequently reported in individuals with enteric
symptoms and asymptomatic persons (Tan 2008).

It has been accepted that differences in severity among the
different subtypes of Blastocystis were observed (Poirier et al.
2012). The first studies made by means of PCR-RFLP of
SSU-rDNA by Clark (1997) and B6hm-Gloning et al.
(1997) reported the presence of six ribodemes and five sub-
groups, respectively.

Several studies have been identified at least 10 B. hominis
subspecies (genotypes) (Eltayeb et al. 2013). Changes in cy-
tokine (interleukin (IL)-6, IL-8, and tumor necrosis factor-o
(TNF-) secretion have been reported in the plasma and pe-
ripheral blood mononuclear cells of IBS patients (Nagel et al.
2014), and many studies showed B. hominis is more frequent
in patients with IBS, and there is an association between
Blastocystis spp. with irritable bowel syndrome (Longstreth
et al. 2006; Coyle et al. 2012; Eida and Eida 2008; Eltayeb
et al. 2013; Poirier et al. 2012; Nagel et al. 2014).

Interestingly, in this study, we found 26 haplotypes of
B. hominis human-studied samples which belong to five sub-
types ST1, ST2, ST3, and two unknown subtype. Haplotypes
obtained from non-IBS patients (5,6 9,27,29,31,33) belonging
to (ST1, ST2) and haplotypes obtained from IBS) 1,3,7,11,15,
19,20,25) belonging to (ST3) and haplotypes including (2,4,8,
16,18,22,28,30,34,35) assigned in two unknown and new

clades are obtained from patients with and without IBS. It
should be noted that, despite specific PCR products being
obtained, the subtype(s) of eleven sequenced samples could
not be determined. In the previous studies, five subtypes are
detected in Iran (I, I, VI, VII, and VIII), and STI was predom-
inated in the asymptomatic and symptomatic persons
Motazedian et al. (2008), and ST 3,4, 5,7, and unknown sub-
type that ST4 was predominant (Khoshnood et al. 2015).

For many years, the genetic heterogeneity of B. hominis
has been defined, and existence of different subtypes of these
protozoa in IBS and non-IBS patients proves the contribution
of subtypes of parasites with IBS syndrome.

The results of this study are in line with the findings of
many other studies regarding the presence of genetic diversity
of the protozoan (Clark 1997; Bohm-Gloning et al. 1997,
Hoevers et al. 2000; Thathaisong et al. 2003; Yoshikawa et
al. 2000, 2003). Yan et al. (2006) in Ganzhou (China) found
four genotypes of B. hominis that the commonest genotype
was ST1. Shawky et al. (2011) detected 110 isolates in stools
samples belonging to four different genotypes of B. hominis in
patients with and without IBS while the genotype I1I was the
commonest detected genotype.

According to previous studies, distribution of different ge-
notypes of B. hominis is not homogenous in different geo-
graphic areas, as ST3 in Bangladesh, Germany, Japan,

Table 2 Details of Genbank reference sequence of Blastocystis
subtypes used in the construction of phylogenetic tree

Subtype Host Accession number Reference

ST1 Monkey AB107967 Awatif et al. 2013
Human U51151 Santin et al. 2011
ST2 Monkey AB070997 Awatif et al. 2013
Human AB070987 Santin et al. 2011
ST3 Human EU445494 Awatif et al. 2013
Human AB091234 Santin et al. 2011
ST4 Rat AY590111 Awatif et al. 2013
Guinea pig u26177 Santin et al. 2011
STS pig AB070999 Awatif et al. 2013
Pig AB107964 Santin et al. 2011
ST6 Bird AB107972 Awatif et al. 2013
Turkey AY135411 Santin et al. 2011
ST7 Human AB070991 Awatif et al. 2013
Quail AB070996 Santin et al. 2011
ST8 Primate AB107970 Awatif et al. 2013
Bird AB107971 Santin et al. 2011
ST9 Human AF408426 Awatif et al. 2013
Human AF408425 Santin et al. 2011
ST10 Cattle HQ641623 Santin et al. 2011
Cattle HQ641628 Santin et al. 2011
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Pakistan, and UK predominates (Clark 1997; Kaneda et al.
2001; Yoshikawa et al. 2003; Wong et al. 2008), the ST1
and ST4 in China and Thailand (Thathaisong et al. 2003;
Yan et al. 2006) and ST4 in the health district of HCUV
(Valencia, Spain) are the commonest genotypes.

In present study, ST3 which includes 8/26 (30.7 %)
of all isolates was predominant genotype were agree
with those reported by Shawky et al. (2011),
Abdulsalam et al. (2013), Clark (1997) in London,
Kaneda et al. (2001) in Tokyo.

These findings disagree with the results reported by
Nourrisson et al.(2014) and Khoshnood et al. (2015) that
ST4 was predominant in persons with IBS and Yoshikawa
et al. (2004) does not find association between genotype
(ST3) and clinical manifestations, but Clark (1997) found sig-
nificant association between the gastrointestinal symptoms
and STI, III. VL.

Although, we found an association between ST3 and
its possible pathogenicity, because the sample size was
too small to decisively reveal this relation, caution
should be regarded for the result. For this reason,
further studies with larger sample size are required to
verify this issue.

Our finding together with those found by other
authors (Clark 1997; Hoevers et al. 2000; Kaneda
et al. 2001; Yoshikawa et al. 2000, 2003) revealed the
worldwide spreading of different genotypes of
B. hominis and that an exclusive genotype could not
be limited to a certain geographic area.

The genetic variability of the SSUTDNA gene we found
among the different B. hominis isolates in the present study
provided robust evidence regarding the highly genetic
diversity of the protozoan. Among the three identified
subtypes of the organism, the ST3 was predominately associ-
ated with IBS syndrome, highlighting the pathogenic potential
of the protozoa.
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