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Abstract Irritable bowel syndrome (IBS) is globally one of

the most prevalent gastrointestinal disorders with a negative

impact on quality of life and socio-economic status of patients.

Recently, controversial evidences suggest that Blastocystis sp.

and Dientamoeba fragilis infections may be implicated in the

development of IBS. We performed a systematic review and

meta-analysis to examine the possible association regarding

this issue. PubMed, ScienceDirect, Scopus, Web of Science,

and Cochrane electronic databases were searched (up to

February 2017) to identify the relevant studies. Pooled odds

ratio (OR) and 95% confidence intervals were estimated using

a random effects meta-analysis model on data from included

studies. A total of 17 studies including 5882 participants

(2527 patients and 3310 controls) met the eligibility criteria.

Individuals with Blastocystis infection were found to have a

positive association with IBS (OR, 2.19; 95% CI, 1.54–3.13),

while this association was not observed for D. fragilis

infection (OR, 1.13; 95%CI, 0.22–5.72). In subgroup analysis

for Blastocystis infection, the pooled ORs were OR 2.29, 95%

CI 1.55–3.41; OR 1.70, 95%CI 0.83–3.44; and OR 3.83, 95%

CI 2.34–6.27 for hospital-based, healthy volunteers, and com-

bined controls, respectively. Considering the subtypes, meta-

analysis result demonstrated significant positive ORs for ST1

(OR, 4.40; 95% CI, 2.81–6.90) and ST3 (OR, 1.94; 95% CI,

1.36–2.77) to be potential risk factors for IBS. Our results

support the existence of a positive association between

Blastocystis sp. and IBS. Further studies with more sample

size should be performed to better investigate the real impact

of these parasites on the occurrence of IBS.
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bowel syndrome . Subtypes . Meta-analysis

Introduction

Irritable bowel syndrome (IBS), a chronic relapsing and re-

mitting disorder of the gastrointestinal tract, is globally one of

the most prevalent diagnosed gastrointestinal disorders (GID)

with a negative impact on quality of life and socio-economic

status of patients (Canavan et al. 2014; Ford et al. 2009; Saito

et al. 2002). The global prevalence of IBS is estimated to be

11.2% (9.8–12.8%), although it is varied according to geo-

graphical location (from 1.1 to 45.0%) and criteria used to

define IBS (Lovell and Ford 2012). IBS is a symptom-based

condition defined by abdominal pain or discomfort in associ-

ation with an alteration in stool pattern (Longstreth et al. 2006;

Lovell and Ford 2012). The condition is recognized as a mul-

tifactorial disorder, and the exact mechanism underlying its

pathophysiology is still unknown. Visceral hypersensitivity,

abnormal GI motility, abnormalities of intestinal flora, low-

grade mucosal inflammation, and altered central nervous
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system perception of pain are proposed as potential mecha-

nisms of IBS (Cann et al. 1983; Kassinen et al. 2007;

Stanghellini et al. 2002; Tillisch et al. 2011; Wang et al.

2004). In recent years, basic and clinical studies suggest in-

fectious agents as potential etiology of IBS (Thompson 2016).

More recently, a number of increasing studies have highlight-

ed potential role of some intestinal protozoa such as

Blastocystis sp. and Dientamoeba fragilis to the development

of IBS (Nourrisson et al. 2014; Poirier et al. 2012; Ragavan

et al. 2015; Vasquez-Rios et al. 2015).

Blastocystis sp. and D. fragilis, anaerobic protozoa, are

described as neglected parasites and colonized in intestinal

tract of humans. Blastocystis sp. is often the most prevalent

protozoan parasite in epidemiological surveys and has an ex-

tensive genetic diversity (Fallahi et al. 2016; Kiani et al. 2016;

Omrani et al. 2015; Tan 2008). The prevalence of Blastocystis

sp. is estimated to be around 5% in developed countries to 76–

100% in some developing countries (Dogruman-Al et al.

2010; El Safadi et al. 2014; Tan 2008). Heretofore, 17

Blastocystis subtypes (ST) were identified according to small

subunit ribosomal RNA (rRNA) gene analysis (SSU rDNA)

(Alfellani et al. 2013b). Of these, nine subtypes that include

ST1–ST9 were isolated from humans, although ST1–ST4

were more prevalent in humans comprising over 90% of re-

ports in prevalence rates (Alfellani et al. 2013a). The global

prevalence of D. fragilis is estimated between 0.4 and 71%,

with a higher prevalence in developed countries (Stark et al.

2016). Based on 18S rRNA sequences, two major D. fragilis

genotypes (genotype 1 and genotype 2) were identified, al-

though genotype 1 is more prevalent (Barratt et al. 2011;

Stark et al. 2016).

The pathogenicity of Blastocystis sp. andD. fragilis remains

disputable. The clinical symptoms associated with D. fragilis

infection include abdominal pain, loose stools, and diarrhea;

moreover, Blastocystis can be associated with abdominal pain,

diarrhea, constipation, nausea, flatulence, bloating, cramps,

nausea, and fatigue (Stark et al. 2016; Tan 2008). These symp-

toms are compatible with IBS, suggesting the presence of a

possible link between such infections and IBS. Moreover, it is

demonstrated that Blastocystis infection is related with an im-

balance of microbiota in the gut, a potential mechanism to

induce of IBS (Nourrisson et al. 2014). In recent years, studies

reporting alternation of microbiota composition in the gut of

patients with IBS are increasing. These studies mentioned that

microbiota modifications in IBS patients are related with an

increase of Enterobacteriaceae and a decrease of Lactobacilli,

Bifidobacteria, and Faecalibacterium prausnitzii (Carroll et al.

2012; Malinen et al. 2005; Rajilic-Stojanovic et al. 2011).

Nourrisson et al. (2014) have reported that the presence

of Blastocystis was associated with a decrease in

Bifidobacteria among males in both IBS and control

groups and also a reduction of F. prausnitzii in males with-

in the control group. Bifidobacteria and F. prausnitzii are

considered as protective bacteria due to their anti-inflam-

matory, anti-carcinogenic, and immunostimulatory proper-

ties, and their decrease in Blastocystis-positive individuals

is suggesting that Blastocystis infection could be associat-

ed with inflammatory disorders in the gut (Nourrisson et al.

2014).

In recent years, several studies have specified a significant

relationship between Blastocystis sp. andD. fragilis infections

and IBS (Brair et al. 2016; Jimenez-Gonzalez et al. 2012;

Nourrisson et al. 2014; Yakoob et al. 2010a, 2004), while

some others have not found significant association (Cekin

et al. 2012; Krogsgaard et al. 2015; Ramirez-Miranda et al.

2010). We performed a systematic review and meta-analysis

in an attempt to assess the previously published observational

studies that investigate the relationship between Blastocystis

sp. and D. fragilis infections and the development of IBS.

Methods

This study is performed in accordance with the Preferred

Reporting Items for Systematic Reviews and Meta-Analyses

Protocols (PRISMA) guidelines and MOOSE guidelines as

described previously (Shamseer et al. 2015; Stroup et al. 2000).

Search strategy and study selection

In February 2017, two independent reviewers (A.R. and B.A.)

searched PubMed, ScienceDirect, Scopus,Web of Science, and

Cochrane electronic databases to identify studies evaluating the

association between IBS and Blastocystis sp. and D. fragilis

infections. Keywords included Blastocystis sp., Blastocystis

hominis, Dientamoeba fragilis, intestinal parasites, irritable

bowel syndrome, and IBS. Moreover, reference lists of obtain-

ed papers and published reviews were searched for additional

studies. Studies reported in languages other than English with

English abstract were also included. We have no time or geo-

graphic limitations. After duplicate removal, obtained articles

were assessed according to preliminary title, abstract, and rele-

vance to issue. Inclusion criteria were sample size in cases ≥30,

studies with case-control design, and detection of current para-

site infection by parasitological or molecular methods. We ex-

cluded studies which were conducted in a specific group such

as soldiers, studies which evaluated only subtypes of parasites,

and studies which were designed to compare diagnostic

methods. Moreover, we excluded studies reporting only sero-

logical results, mechanism studies, and review articles.

Data extraction and study quality assessment

Articles were assessed independently by two reviewers (A.R.

and B.A.) using standardized data collection form. Any dis-

agreements between investigators were settled by discussion
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with S.M.R and A.H. All data were extracted using Microsoft

Excel software. The investigators independently conducted

the data extraction on features of each study, including the first

author’s last name, publication year, beginning and end date

of study implementation, study design, country or setting of

study, criteria for IBS, type of controls (healthy controls or

hospital-based controls), participant characteristics (age, sex,

etc.), diagnostic tools for parasites, sample size, number in-

fected, and subtypes of Blastocystis sp. The quality assess-

ment of included studies was performed using the

Newcastle-Ottawa Scale (Stang 2010; Wells et al. 2011),

which has been suggested by the Cochrane collaboration

(Higgins and Green 2011).

Data synthesis and statistical analysis

Meta-analyses of the association between Blastocystis sp. and

D. fragilis infections and IBS development were performed

generating pooled odds ratios (ORs) with 95% confidence

intervals. OR for each study was calculated using a two-by-

two table, and ORs greater than 1.0 indicated a positive asso-

ciation between mentioned infections and IBS. Heterogeneity

among studies was assessed with the Q test with a P value

<0.05 and I2 statistics with a cutoff of ≥50%. Uncertainty 95%

confidence intervals were also calculated for I2. Negative

values of I2 are considered equal to zero. No heterogeneity

was considered if lower limit I2 contains zero. Given the dif-

ferent sampling frame of studies, we used random effect mod-

el for calculating pooled estimation. Moreover, we used meta-

regression and subgroup analysis to identify the sources of

heterogeneity. Cumulative regression analysis was also used

to assess the trend of OR value during the time. Individual

included studies had not been matched for age. Considering

the importance of this variable on our result, we compared

mean age differences between case and control using t test,

separately. Publication bias was evaluated graphically and sta-

tistically by applying the Begg’s and Egger’s publication bias

method (Begg and Mazumdar 1994; Egger et al. 1997). A P

value of less than 0.05 was considered to be statistically sig-

nificant. Results are presented as forest plots and associations

between a Blastocystis sp. and D. fragilis infections and IBS

are depicted by an OR and 95% CI. Data analyses were per-

formed using metan, metareg, metacum, and metabias com-

mands in STATA version 13.0 (STATA Corporation, College

Station, TX).

Results

Study characteristics

A flow diagram depicting of the study selection process is

presented in Fig. 1. In total, 326 papers were identified from

5 databases and additional search in reference lists. Of these, 35

articles were selected for full text review. After detailed assess-

ment of the citations, 17 studies met the eligibility criteria and

were included in the meta-analysis (Brair et al. 2016; Cekin

et al. 2012; Das et al. 2016; Giacometti et al. 1999; Jimenez-

Gonzalez et al. 2012; Khademvatan et al. 2017; Krogsgaard

et al. 2015; Morgan et al. 2012; Mumcuoğlu et al. 2013;

Nourrisson et al. 2014; Ragavan et al. 2015; Ramirez-

Miranda et al. 2010; Surangsrirat et al. 2010; Tungtrongchitr

et al. 2004; Yakoob et al. 2010a, b, 2004). Among the 17

studies for Blastocystis infection, six enrolled healthy popula-

tions and nine enrolled hospital-based controls, indeed two

studies that enrolled both healthy and hospital-based controls.

A total of 2572 patients with confirmed IBS were included in

these studies. The majority of studies used Rome III criteria for

selection of patients. In addition, these studies recruited a total

of 3310 controls, consisting of 1952 hospital patients with GID

other than IBS and 1358 healthy volunteers. Four studies were

included for D. fragilis infection. A total of 396 IBS patients

and 464 controls (45 hospital-based and 419 healthy controls)

were recruited in these studies. The studies were performed in

12 different countries from four continents (eight in Asia, five

in Europe, three in America, and one in Africa). Main charac-

teristics of the included studies for Blastocystis sp. and

D. fragilis infections are presented in Tables 1 and 2,

respectively.

Incidence of Blastocystis sp. and D. fragilis among IBS

patients and controls

The results of the included studies are presented in Tables 1 and

2. For Blastocystis infection, incidence of parasite was 20%

(515/2572) and 9.9% (328/3310) among IBS patients and total

controls, respectively. The incidence of infection for healthy

and hospital-based controls was 13.9% (190/1358) and 7%

(138/1952), respectively. Six studies (Das et al. 2016;

Jimenez-Gonzalez et al. 2012; Khademvatan et al. 2017;

Nourrisson et al. 2014; Ragavan et al. 2015; Yakoob et al.

2010b) determined the subtypes of Blastocystis. ST1 and ST3

were the most prevalent subtypes in cases and controls

(Table 3). For D. fragilis infection, the incidence of parasite

was 10.6% (42/396) in IBS patients and 17.8% (83/464) in

controls.

Results of meta-analyses

A meta-analysis was at first performed on all the 17 studies

included. Forest plot of the 17 studies for Blastocystis infection

is presented in Fig. 2 and supplementary Fig. 1. The forest plot

of the four studies for D. fragilis infection is shown in supple-

mentary Fig. 2. A significant pooled OR of 2.19 (95% CI,

1.54–3.13) was estimated for Blastocystis sp., while this asso-

ciation was not significant for D. fragilis infection (OR, 1.13;
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95% CI, 0.22–5.72). Considering to D. fragilis infection, since

two values were equal to zero in a two-by-two table and so OR

was incalculable, we added 1 unit to each cell in the two-by-

two table.

The extent of heterogeneity for Blastocystis infection was

significant (P = 0.001 and I2 = 76.5; 95% CI, 64–85). To

identify the potential sources of heterogeneity, we used sub-

group analysis and meta-regression. For subgroup analysis,

we stratified the sort of control groups to three categories

(hospital base, healthy volunteers, and combined controls);

afterward, pooled estimation was calculated for each one.

The pooled ORs were OR 2.29, 95% CI 1.55–3.41; OR

1.70, 95% CI, 0.83–3.44; and OR 3.83, 95% CI 2.34–6.27

for hospital-based, healthy volunteers, and combined controls,

respectively (Fig. 2). The findings demonstrated that a type of

control group is an important source for inconsistency. The

extent of heterogeneity in hospital-based subgroups was not

significant (P = 0.03 and I2 = 52.5; 95% CI, 0–78). Upper

limit for CI contains zero (Fig. 2). Meta-regression analysis

has not shown another source for heterogeneity.

Cumulative regression was used to assess the trend of OR

value for quality assessment score and the years of study im-

plementation. The results showed that years of implementa-

tion had a downward effect on trend of OR values (Fig. 3), but

quality assessment scores showed no effect on it

(supplementary Fig. 3). Sensitivity analysis was conducted

to determine the influence of studies with different mean age

between case and controls. The mean age difference was ob-

served only in three studies (Das et al. 2016; Mumcuoğlu et al.
2013; Yakoob et al. 2004) that were 6.5, 5.7, and 5, respec-

tively (P < 0.05); however, these mean differences are negli-

gible. Omitting the above three studies had no substantial

influence on pooled estimation. Therefore, these studies were

included in meta-analysis to calculate the pooled OR. To iden-

tify the publication bias, we used of Egger’s plot and Begg’s

and both of them did not demonstrate significant bias

(P = 0.89 and P = 0.27, respectively) (Fig. 4 and

supplementary Fig. 4).

Considering the subtypes of Blastocystis, meta-analysis re-

sult demonstrated significant positive ORs for ST1 (OR, 4.40;

95% CI, 2.81–6.90) and ST3 (OR, 1.94; 95% CI, 1.36–2.77)

to be potential risk factors for IBS, while exposure to other

subtypes (ST2 and ST4–ST7) has not shown significant ORs

(Fig. 5).

Discussion

We conducted a systematic literature review and a meta-

analysis on available data to assess the association

Fig. 1 Flow chart for the process

of the study selection in meta-

analysis
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between IBS and Blastocystis sp. and D. fragilis infec-

tions. One of the foremost lessons from our work is that

these protozoa especially Blastocystis are the most prev-

alent parasitic infections in epidemiological surveys and

are likely to be risk factors for IBS. The key finding for

this study was a positive association between Blastocystis

infection and IBS, with a common OR of 2.19 (95% CI

1.54–3.13) and a no significant association for D. fragilis

infections. These certainly need to be more investigated.

Another finding was that Blastocystis infection had a pos-

itive association with IBS when controls were recruited from

hospital (OR, 2.29; 95%CI, 1.55–3.41), while this association

was not observed when healthy volunteers were controls (OR,

2.29; 95% CI, 1.55–3.41). Since the setting for cases in the

included studies was hospitals, therefore the gold standard for

controls must be hospital-based patients.

The third finding in our study according to the role of

Blastocystis subtypes in the development of IBS is that different

Table 1 Summary of studies investigating the association between Blastocystis sp. and IBS

Authors Country Implementation

year

Diagnostic

method

Criteria

to

IBS

patientsa

IBS patients

(cases)

Control group Control

population

Quality

score

Number Infected

(%)

Number Infected

(%)

Giacometti et al. (1999) Italy 1996–1998 Trichrome stain Rome 81 15 (18.5) 307 23 (7.5) HBb 5

Yakoob et al. (2004) Pakistan 2002–2003 Culture Rome III 95 30 (32) 55 4 (7) HB 5

Tungtrongchitr et al. (2004) Thailand 2002–2003 Culture Rome II 59 8 (13.6) 25 3 (12) HCc 5

Yakoob et al. (2010a) Pakistan 2008–2009 Culture Rome III 171 90 (53) 159 25 (16) HC 6

Yakoob et al. (2010b) Pakistan 2007–2009 Culture Rome III 158 95 (60) 157 38 (24) HC 7

Ramirez-Miranda et al.

(2010)

Mexico 2008–2010 Faust’s technique Rome III 115 18 (15.7) 209 25 (12) HB 5

Surangsrirat et al. (2010) Thailand 2007–2008 Culture Rome III 66 11 (16.7) 60 6 (10) HB 5

Morgan et al. (2012) Nicaragua 2010–2011 Ziehl-Neelsen

staining

Rome II 163 13 (7.9) 194 20 (10.3) HC 7

Cekin et al. (2012) Turkey 2010–2011 Trichrome stain Rome III 877d 51 (5.8) 192 6 (3.12) HC 7

Cekin et al. (2012) Turkey 2010–2011 Trichrome stain Rome III 877d 51 (5.8) 1122 55 (4.2) HB 7

Jimenez-Gonzalez et al.

(2012)

Mexico 2008–2009 PCR Rome III 45 14 (31.1) 45 6 (13.3) HB 6

Mumcuoğlu et al. (2013) Turkey 2009–2010 Culture Rome III 55d 18 (32.5) 50 3 (6) HC 5

Mumcuoğlu et al. (2013) Turkey 2009–2010 Culture Rome III 55d 18 (32.5) 80 15 (18.5) HB 5

Krogsgaard et al. (2015) Denmark 2010 Culture Rome III 124 18 (14.5) 204 45 (22.1) HC 6

Nourrisson et al. (2014) France 2012–2013 PCR Rome III 56 13(23.5) 56 9 (16.1) HC 4

Ragavan et al. (2015) Malaysia 2010–2011 PCR Rome III 35 6 (17.1) 74 4 (5.5) HB 4

Das et al. (2016) India 2012–2014 PCR Rome III 150 50 (33.3) 100 15 (15) HC 4

Brair et al. (2016) Sudan 2014–2015 Culture Rome III 200 41 (20.5) 99 5 (5.1) HC 5

Khademvatan et al. (2017) Iran 2012–2014 PCR Rome III 122 24 (19.6) 122 21 (17.2) HC 7

aRome criteria used to diagnose IBS
bHospital-based controls, patients with gastrointestinal disorders other than IBS
cHealthy volunteer controls
d Studies with two control groups (HB and HC)

Table 2 Summary of studies investigating the association between D. fragilis and IBSa

First author/year Country Diagnostic

method

Criteria to

IBS

patients

IBS patients (cases) Control group Control

population

Quality

score

Number Infected

(%)

Number Infected

(%)

Yakoob et al. (2010a, b) Pakistan Culture Rome III 171 6 (4) 159 0 (0.0) HC 6

Jimenez-Gonzalez et al.

(2012)

Mexico PCR Rome III 45 1 (2.2) 45 12 (26.6) HB 6

Krogsgaard et al. (2015) Denmark Culture Rome III 124 29 (23.4) 204 71 (34.8) HC 6

Nourrisson et al. (2014) France PCR Rome III 56 6 (10.7) 56 0 (0.0) HC 4

aMore details regarding these studies are presented in Table 1
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subtypes had varied ORs regarding association with IBS.Meta-

analysis results showed ST1 and ST3 subtypes had significant

ORs to be risk factors for IBS. This could be a new hypothesis

to be investigated further by individual studies in different geo-

graphical location. In agreement with this finding, some previ-

ous studies have also shown that ST1 and ST3 were

Table 3 Summary of studies investigating the subtypes of Blastocystis sp. in IBS patients and controlsa

Author IBS patients (cases) ST1 ST2 ST3 ST4 ST5–

ST7

Control group ST1 ST2 ST3 ST4 ST5–ST7a

Number Infectedb (%) Number Infectedb (%)

Yakoob et al. (2010a, b) 158 95 (60) 75 6 23 6 11 157 38 (24) 12 4 26 2 12

Jimenez-Gonzalez et al. (2012) 45 14 (31.1) 11 2 10 0 0 45 6 (13.3) 3 0 6 0 0

Nourrisson et al. (2014) 56 13(23.5) 1 3 3 6 1 56 9 (16.1) 0 1 0 9 0

Ragavan et al. (2015) 35 6 (17.1) 0 0 3 2 1 74 4 (5.5) 0 1 2 0 1

Das et al. (2016) 150 50 (33.3) 3 0 47 0 0 100 15 (15) 3 0 12 0 0

Khademvatan et al. (2017) 122 24 (19.6) 9 0 12 2 1 122 21 (17.2) 8 0 9 1 3

Total 566 202 (35.6) 99 11 98 16 14 554 93 (16.7) 26 6 55 12 16

a Prevalence of subtypes ST5–ST7 is combined in this table
b Some participants were infected with two or more subtypes; therefore, summation of subtypes number may be not equal with total number of infected

cases and controls

Fig. 2 Forest plots, pooled with random effects for Blastocystis showing the OR and 95% CI by sub-groups
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predominant in patients with IBS (Das et al. 2016; Jimenez-

Gonzalez et al. 2012; Khademvatan et al. 2017; Yakoob et al.

2010a), and also it has been reported that ST1 is predominant in

patients with GID (Yan et al. 2006). Moreover, Ramírez et al.

(2014) in Colombia reported that ST3 was isolated more fre-

quently from patients presenting with IBS, although there is no

Fig. 3 Cumulative plot for trend of OR in Blastocystis, pooled with

random effects and sorted by implementation date. This plot indicates

the series of meta-analyses results, each study performed after the

addition of each study in sequence. Therefore, successive results in a

cumulative meta-analysis are not independent and reporting value for

the latest study (Brair et al. 2016) as a pooled estimation for all studies

Fig. 4 Publication bias using

Egger’s plot
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Fig. 5 Forest plots indicating the OR and 95% CI by subtypes of Blastocystis infection
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clear evidence between one Blastocystis subtype and pathoge-

nicity on IBS. Nevertheless, our finding opens a new window

for further investigations on this issue.

The exact potential mechanisms for Blastocystis sp. to in-

duce of IBS have not been clearly elucidated. Although some

mechanisms such as apoptosis (Poirier et al. 2012; Puthia et al.

2006) and increased intestinal permeability resulted from deg-

radation of tight junction proteins (Mirza et al. 2012; Puthia

et al. 2006), upregulation of pro-inflammatory cytokines

(Puthia et al. 2008) could be considered as potential mecha-

nisms involved in IBS development. Experimental studies and

genomic data predicted that there are about 22 secreted prote-

ases in Blastocystis ST7, and these parasite proteases are in-

volved in gastrointestinal disturbances (Denoeud et al. 2011;

Poirier et al. 2012; Tan 2008). Protease-activated receptor type

2 (PAR-2) is suggested to be involved in an increase of per-

meability and low-grade inflammation (Poirier et al. 2012).

Moreover, as mentioned above, Blastocystis sp. could have a

negative impact on gut microbiota. It is seemed that genes

encoding a polyketide synthase (PKS) and two non-

ribosomal peptide synthase (NRPS) that are known to produce

antibiotics are involved in the alternation of gut microbiota

composition (Denoeud et al. 2011; Park et al. 2010; Poirier

et al. 2012). Detailed reviews on this issue are available in

valuable articles by Ajjampur and Tan (2016), Nourrisson

et al. (2014), Poirier et al. (2012), and Tan (2008).

D. fragilis is recently considered as another protozoon par-

asite which is suspected to play a role in the etiology of IBS

(Stark et al. 2016). Our results implicated that D. fragilis was

not associated with IBS (OR, 1.13; 95% CI, 0.22–5.72).

Although some studies reported weak association between

D. fragilis and IBS (Borody et al. 2002; Nourrisson et al.

2014; Yakoob et al. 2010a), some other not only have not

found a statistically significant association but also prevalence

of infection was more frequent in controls compared to IBS

patients (Jimenez-Gonzalez et al. 2012; Krogsgaard et al.

2015). In addition, Engsbro et al. (2012) have reported that

eradication of D. fragilis had not any effect on treatment of

IBS symptoms.

Strengths of our study include the rigorous and exhaustive

literature search, rigorous methodology, defined clear inclusion

and exclusion criteria, data extraction and quality assessment in

duplicate by two independent reviewers, large sample size of

the patients included in this meta-analysis, no publication bias,

and providing data regarding subtypes. Furthermore, we per-

formed subgroup analyses considering the type of controls.

Limitations for our study have resulted from the nature of

the available studies. In the case-control studies, selecting the

controls is an important pitfall. In the evaluated studies, hos-

pital controls might resemble cases more than healthy volun-

teers’ controls, biasing OR towards the null. Moreover, in

studies including healthy controls, volunteers were from an

undefined setting. Moreover, the included studies were lack-

ing detailed descriptive data for age matching, an important

variable in case-control studies. To resolve of this limitation,

mean difference of age was assessed by t test manually.

Afterward, sensitivity analysis was performed to determine

the influence of studies with significant mean age differences.

In conclusion, our meta-analysis on available data suggests

that there is significant evidence that Blastocystis sp. infection

is associated IBS. Given that Blastocystis is among most prev-

alent parasitic infection worldwide and its pathogenicity is not

fully elucidated, we suggest more investigation regarding the

epidemiological, molecular, biochemical, and immunological

patterns of infection that could be involved in the development

of IBS.Moreover, we suggest that stool examination and other

sensitive diagnostic methods such as culture and PCR should

be incorporated in early diagnosis of Blastocystis infection

and onset of subsequent treatment.
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