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ABSTRACT

Purpose
Ulcerative colitis (UC) is thought to originate from a disbalance in the interplay be-
tween the gut microbiota and the innate and adaptive immune system. Apart from 
the bacterial microbiota, there might be other organisms such as parasites or viruses 
that could play a role in the aetiology of UC. The primary objective of this study was 
to compare the prevalence of Blastocystis sp. in a cohort of patients with active 
ulcerative colitis and compare that to the prevalence in healthy controls.

Methods
We studied patients with active UC confirmed by endoscopy included in a random-
ized prospective trial on fecal transplantation for UC. A cohort of healthy subjects 
who served as donors in randomized trials on fecal transplantation were used as 
controls. Healthy subjects did not have gastrointestinal symptoms and were exten-
sively screened for infectious diseases by a screenings questionnaire, extensive 
serologic assessment for viruses and stool analysis. Potential parasitic infections 
such as Blastocystis were diagnosed with the Triple Feces Test (TFT). The prevalence 
of Blastocystis sp. were compared between groups by chi-square testing.

Results
168 subjects were included, of whom 45 had active UC (median age 39.0 years (IQR 
32.5- 49.0), 49% male) and 123 were healthy subjects (median age 27 years (IQR 
22.0- 37.0), 54% male). Blastocystis sp. was present in the feces of 40/123 (32.5%) 
healthy subjects and 6/45 (13.3%) UC patients (P=0.014).

Conclusions
Infection with Blastocystis is significantly less frequent in ulcerative colitis patients 
as compared to healthy controls.
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INTRODUCTION

The microbiota are believed to play an important role in the interaction between the 
host and the immune system. Commensal microbes are believed to protect our 
body against invading pathogens and have an important function in the develop-
ment of the mucosal immune system1. Ulcerative colitis (UC) is thought to originate 
from an uncontrolled mucosal immune response initiated by luminal microbiota. An 
aberrant microbiome in UC has been described in several studies, characterised by 
reduced numbers of Firmicutes and Bacteroidetes, as well as a lower species diver-
sity as compared to controls.2–4 Besides bacteria however, the gut is also colonised 
by viruses (5.8%), archaea (0.8%) and eukaryotes (0.5%)5, although little is known 
about the relevance of these microorganisms in UC. One of the eukaryotes that is 
still debated with regard to its pathogenic role is Blastocystis sp. In the literature, 
Blastocystis prevalence in asymptomatic or symptomatic subjects varies from 0.5% 
in Japan up to 100% observed in children living in villages of the Senegal River Ba-
sin.6,7 The Prevalence of Blastocystis sp. was studied in patients with Irritable Bowel 
Syndrome (IBS) for a possible causative relation with abdominal symptoms and the 
presence of Blastocystis.8,9 In Inflammatory Bowel Disease (IBD), the question re-
mains whether eradication of an infection with Blastocystis would relieve abdominal 
symptoms such as abdominal pain or bloating.10,11 Conflicting data exist on the role of 
this eukaryote in either disease.12,13 Recently a study was performed on Blastocystis 
infection and the association with the microbiota. Interestingly, Blastocystis was 
found to be associated with a decrease of fecal microbiota protective bacteria such 
as Bifidobacterium sp. and Faecalibacterium prausnitzii.8

The aim of our study was to compare the prevalence of Blastocystis sp. in a well-
defined cohort of patients with active UC to a cohort of healthy controls.

MATERIALS AND METHODS

UC patients and healthy volunteers
Patients with active UC participating in a clinical trial between 23-5-2011 and 30-06-
2013 were included if they had an exacerbation of their disease, defined by a Simple 
Clinical Colitis Activity Index (SCCAI) score of ≥ 4 and ≤ 11.14 Endoscopic activity was 
confirmed by an endoscopic Mayo score of ≥ 1. Patients were allowed to use a stable 
dose of medication for UC, except for biologicals or corticosteroids >10mg per day, 
and had not used antibiotics in the 6 weeks before inclusion. Healthy volunteers 
were involved in one of the Fecal Microbiota Transplantation (FMT) trials at our study 
center from 2008 through 2013. They participated as fecal donors and were regarded 
as a control cohort. We collected all clinical and screening data. These volunteers 
were screened for fecal donation in either a clinical fecal transplantation trial on FMT 
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in UC, type I Diabetes, type II Diabetes/ metabolic syndrome, or for patients suffer-
ing from recurrent Clostridium difficile infection.15 Healthy volunteers were relatives 
of the patients or unrelated volunteers working or studying at the University hospital 
center and were required to be completely free of gastrointestinal symptoms. They 
were extensively interviewed on sexual risk behaviour and recent travel behaviour by 
a detailed questionnaire. Donors were excluded if they had travelled to a developing 
country within 6 months before screening or if they were suspected of sexual risk 
behaviour. Use of antibiotics in the previous 8 weeks was also considered an exclu-
sion criterium. A gastrointestinal infection was ruled out by fecal tests on pathogenic 
bacteria, parasites and viruses (enteropathogenic bacteria: Salmonella, Shigella, 
Yersinia enterocolitica and Campylobacter, evaluated by local standards, Clostridium 
difficile, evaluated by toxin ELISA and culture; enteropathogenic parasites includ-
ing Blastocystis sp. and Dientamoeba fragilis evaluated by Triple Feces Test (TFT) 
as described below; viruses including Norovirus, Rotavirus, Astrovirus, Adenovirus, 
Enterovirus, Parechovirus, Sapovirus and Norovirus, evaluated by real-time Taqman 
PCR using the Roche LightCycler48016) in both healthy volunteers and UC patients.
The study protocol was approved by the Medical Ethical Committee of the Academic 
Medical Center Amsterdam (METC registry number #2011_005). All subjects signed 
an informed consent form.

Fecal tests on Blastocystis sp.
The TFT was used for diagnosis of intestinal parasites, including Blastocystis sp.17,18 
In this test stool samples of a patient are collected in three tubes on three consecu-
tive days before delivery in the hospital. In two of the three tubes, collected on day 
1 and day 3, a preservation sodium-acetate acetic-acid formalin (SAF) solution is 
present in which vegetative stages of protozoa, including Blastocystis sp., are well 
preserved. With the tube of the second day a fresh, non-conserved, stool sample is 
collected. Samples that are fixed in SAF are examined with wet-smears and Chlorazol 
Black permanent stain. Fresh stool from the second day is concentrated according to 
Ridley and the sediment microscopically examined for cysts of protozoa and eggs of 
helminths. Results of microscopic examinations of all three samples are combined 
to provide the final result of the TFT test of the patient. As diagnostic criterion for 
positivity of a sample for Blastocystis spp, at least two clear vacuolar forms in either 
of the two SAF fixed samples had to be present. Granular or amoeboid stages of 
Blastocystis sp. were not studied. As diagnostic criteria for positivity of a sample for 
Dientamoeba fragilis at least two clear vacuolar forms in either of the two SAF fixed 
samples had to be present. The diagnosis was confirmed by a chlorazol black dye 
permanent stain.
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Statistical analysis
Based on an expected absolute difference in prevalence rates of 30% (30% versus 
60%), a desired power of 80% and a two-sided α-level of 0.05, 50 subjects per group 
were calculated for primary analyses. Data were expressed as the mean and 95% 
confidence interval (CI) of the mean or, when they were not normally distributed, 
as the median and interquartile range (IQR). Prevalence rates of Blastocystis sp. 
diagnosed by TFT, between study groups were compared by chi-square testing if the 
expected cell size was >5, and by the Fishers exact test in case of smaller cell sizes. 
A p-value <0.05 was considered statistically significant. Statistical analyses were 
performed using SPSS v. 21.0 software (Chicago, IL).

RESULTS

Forty-five UC patients and 123 healthy subjects were studied. The recruitment 
periods were randomly distributed between summer and winter-time for both 
groups. Forty-four % of UC patients (n=20) and 50% of healthy subjects (n=62) 
were included in winter-time (October-March). Forty six % of UC patients (n=25) 
and 50% of healthy subjects were included during summer (n=61). Gender was 
equally distributed across groups. Healthy subjects were younger than the included 
UC patients (p<0.001). The median disease duration of ulcerative colitis was 9 years 
(IQR 0-27). According to the Montreal classification; UC patients were classified as: 
proctitis (n=3, 6.7%), left sided colitis (n=24, 53.3%) or pancolitis (n=18, 40.0%), 
as most severe ever documented. In all UC patients mucosal disease activity was 
confirmed by endoscopy. Seven patients (15.6%) had an active proctitis, 28 (62.2%) 
had a left-sided colitis and in 10 (22.2%) had a pancolitis. The median SCCAI score, 
assessing clinical activity, was 8 (4-11). None of the included healthy subjects or UC 
patients turned out to have an infection with bacterial, viral or parasitic pathogens. 
Characteristics of the study population and medication use at inclusion use are 
shown in table 1.

Prevalence of Blastocystis sp. in UC patients and healthy controls
Six of the 45 UC patients (13%) had a positive TFT-test for Blastocystis sp. versus 40 
of the 123 (33%) healthy controls (p= 0.014) (table 2). Blastocystis sp. infection was 
equally distributed across UC patients with a proctitis, left-sided colitis and pancolitis 
(table 2), p= 0.20. None of the treatments the UC patients were receiving for their 
ulcerative colitis (mesalamine, immunosuppressants, corticosteroids) was associ-
ated with higher infection rates with Blastocystis sp. (data not shown). No significant 
differences were found when comparing the proportion of infected female subjects 
(versus the proportion of infected Male patients per group (table 2), p= 0.41 for UC 
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patients and p=0.64 for healthy controls. In a multivariate logistic regression analysis 
corrected for age, healthy controls had an 2.86 Odds ratio (95% CI 1.09-7.53, p= 0.03) 
for Blastocystis infection compared to UC patients.

Other intestinal protozoa observed in the UC population included Dientamoeba 
fragilis. There was no significant difference in prevalence of Dientamoeba fragilis 
between UC patients (six out of 45 (13%) were found positive) and healthy controls 
(27 out of 123 (22%) were found positive, p= 0.21.

DISCUSSION

This study reports on the prevalence of Blastocystis sp. in patients with clinical and 
endoscopic active UC as compared to a well-defined cohort of healthy controls, deter-
mined by use of the Triple Feces Test. Infection with Blastocystis sp. was significantly 
less frequent (13.3%) in UC patients compared to healthy controls (32.5%), p=0.014.

Table 1. Characteristics of the study population

UC patients
n=45

Healthy controls
n=123

p- value

Male, n (%) 22 (49) 67 (54) 0.601

Age, yrs (median, IQR) 39 (32.5- 49.0) 27 (22.0- 37.0) <0.001

Disease duration, yrs (median, IQR) 9 (0-27) - n/a

Proctitis, n (%) 3 (6.7) - n/a

Left-sided colitis, n (%) 24 (53.3) - n/a

Pancolitis, n (%) 18 (40.0) - n/a

Medication, n (%) 29 (64.4%) 0 (0) n/a

Mesalamine oral, n (%) 29 (64.4%) - n/a

Mesalamine/ corticosteroids rectal, n (%) 13 (28.9%) - n/a

Immunosuppressants (thiopurine), n (%) 13 (28.9%) - n/a

Corticosteroids, systemic, n (%) 9 (20.0%) - n/a

Table 2. Prevalence of Blastocystis sp. for UC patients and healthy controls

UC patients
n=45

Healthy controls
n=123

p- value

Positive for Blastocystis sp., n (%) 6 (13) 40 (33) 0.014*

Male, n (%) 2 (33) 23 (58) 0.38**

Proctitis, n (%) 1 (2) -

Left-sided colitis, n (%) 4 (9) -

Pancolitis, n (%) 1 (2) -

*Chi square test **Fisher Exact Probability Test
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Health is a status that is hard to define without specific markers available. We com-
pared patients with active UC and healthy controls using strict predefined definitions 
of the studied subjects. Healthy controls were extensively questioned on any risk 
for infection due to sexual risk behaviour or traveling to developing countries. Only 
if they were not suspect for any risk behaviour, they were selected for fecal and 
serologic screening on pathogens (either bacterial, viral or parasitic). In UC patients, 
infectious causes of an exacerbation of disease were ruled out according to the 
same screening procedure. None of the included healthy subjects or UC patients 
turned out to have an infection with bacterial, viral or parasitic pathogens. In the 
available literature on Blastocystis sp. ‘healthy subjects’ were not characterised by 
the absence of infectious diseases or could be on chronic medication. Scanlan et 
al. performed a study on Blastocystis prevalence in a group of 105 healthy individu-
als comparable to the current sample size of 123 healthy controls.19 They were not 
reported to be symptomatic or not. Besides that, subjects >65 years of age derived 
from in a hospital setting will not be the optimal ‘healthy’ population to study. In the 
current study, strict definition of both study groups made a clear comparison of true 
prevalence of Blastocystis sp. in both UC patients and healthy controls possible. 
Whereas we did not find medication to be associated to presence or absence of 
Blastocystis sp. in UC patients, it is hard to exclude any role for medication that was 
only used in UC patients and not by subjects in the control group. Both the Triple Fe-
ces Test (TFT) and Polymerase Chain Reaction (PCR) are highly reliable for diagnosis 
of Blastocystis sp. Microscopy by the TFT was slightly superior in sensitivity than 
PCR as tested in stools of 107 patients.18

When comparing the current study to previously published data, it is important to 
take into account that there are several factors potentially influencing prevalence 
of Blastocystis infections. Examples are the indication for the test: studying symp-
tomatic patients or asymptomatic subjects; preservation of fecal material; and the 
diagnostic procedures used for parasite testing (PCR or TFT). Even by using the 
same PCR technique for detection of Blastocystis sp. sensitivity is dependent of 
the commercial DNA extraction kit used.20 Also among microscopy procedures, 
conventional staining procedures as Lugol’s stain and trichrome staining showed 
lower sensitivity compared to IFA staining using an immunofluorescent antibody for 
Blasticystis.21 Age was studied to be of influence on the incidence of Blastocystis 
infection. A study performed on healthcare-seeking patients in Karachi showed an 
age distribution with relatively high prevalence at middle age compared to young 
adults22. An older age was found to be associated with Blastocystis infection as 
observed in primary care patients diagnosed with IBS and 18-50 years of age from 
Denmark.23 This observation was also found in an Australian population of patients 
positive for an enteric protozoan infection.24 A comparable prevalence of Blastocystis 
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sp. was found in healthy subjects >65 years of age to subjects <65 years of age as 
described by Scanlan at al19. The association of age and Blastocystis was not well 
studied in UC patients. In our study, UC patients were older than healthy controls. 
Multivariate analysis revealed that age was not a predictor for Blastocystis positiv-
ity. If older age would be associated with a higher prevalence of Blastocystis sp. 
also in UC patients, the observed difference in prevalence would be even greater if 
both study groups were age-matched. Furthermore, environmental factors such as 
hygienic circumstances and the geographical location under study play a role in the 
outcome of prevalence studies on Blastocystis sp.
In a case control study comparing the prevalence of Blastocystis sp. by applying 
native-Lugol and formol ethyl acetate concentration to stool specimens in patients 
with inflammatory bowel disease (IBD) and irritable bowel syndrome (IBS) as op-
posed to asymptomatic healthy controls, a higher prevalence of Blastocystis sp. 
was detected in UC patients.13 Conversely, a study performed by Petersen et al. in 
which a PCR was used to diagnose Blastocystis, suggested that active UC patients 
showed a lower prevalence of Blastocystis sp. and Dientamoeba fragilis infection 
compared to healthy controls.25

Relatively high prevalence rates of Blastocystis infection (32.5%) were observed in 
our healthy control group. In comparison to a study we performed on 442 patient 
samples from routine clinical parasitology, 24.0% tested positive with TFT for Blas-
tocystis sp.18, which is lower than the observed prevalence of 32.5% in the current 
cohort of healthy controls. Of note, prevalence in both the healthy control group and 
UC patients in the present study are higher than observed by Petersen et al. (healthy 
controls: 32.5% by TFT vs 19% with PCR in two cohorts of medical and laboratory 
staff and recruits; UC patients: 13% by TFT vs 0% with PCR with Petersen).25 Nev-
ertheless, one should be cautious comparing data measured by different diagnostic 
approaches.
All UC patients in our study had an exacerbation of their disease. Prevalence rates 
were not compared with a UC cohort of patients in remission. Petersen et al. ob-
served that Blastocystis infection was significantly less prevalent in UC patients with 
active disease compared to patients with inactive disease. This phenomenon was 
not observed in active and inactive Crohn’s disease patients.25

In our study we found lower prevalence of Blastocystis measured by a highly 
sensitive technique as microscopy in UC patients as compared to a large cohort 
of healthy subjects. This observation supports the hygiene hypothesis suggesting 
that the increase in chronic inflammatory disorders is at least partly attributable to 
immune dysregulation. This might result from the lack of exposure to microorgan-
isms that help to establish the ‘normal’ background levels of immune regulation.26 
From mouse models we learned that germ-free animals fail to develop spontaneous 
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colitis.27 There is growing evidence that disturbances in the bacterial microbiota 
result in immunological dysregulation that may underlie disorders such as inflam-
matory bowel disease.28 Alternatively, Blastocystis sp. may be more sensitive to the 
inflammatory conditions in UC patients, leading to the parasite being cleared by UC 
patients more often than by healthy controls. Hopefully, metagenomic approaches 
will not only yield more insight in the role of the microbiota in health and disease 
but may also elucidate the complex network of microorganisms being part of the 
gastrointestinal tract.
The pathogenicity of Blastocystis has been debated multiple times, but no con-
sensus was achieved whether this organism is related to intestinal symptoms as 
nausea, abdominal pain and diarrhea.29–31 We did not aim to answer any question 
regarding the relationship between the presence of Blastocystis sp. and intestinal 
symptoms in UC patients in the current study. Notwithstanding, the high prevalence 
observed in asymptomatic healthy controls points to a commensal immunoregula-
tory role for these parasites. As aberrancies in the intestinal microbiota are found 
in UC patients, it still remains unknown whether this is cause or a consequence of 
chronic inflammation. From this perspective it would be interesting to investigate 
whether the observed low prevalence of Blastocystis sp. was present already during 
childhood and may persist after UC diagnosis. FMT with feces from a healthy donor 
can potentially restore the low-diversity fecal microbiota in UC. Future studies should 
investigate whether the occurrence of Blastocystis increases after FMT. FMT would 
be an interesting model to investigate whether microbiota changes come along with 
a different community attractive for Blastocystis sp.
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