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Abstract: The role of Blastocystis in gut health is debated, with most studies recognizing it as a member of a balanced gut microbiota. 

We investigated the in vitro effects of two common probiotics (Saccharomyces boulardii and Bacillus clausii) on Blastocystis. A 

Blastocystis positive stool sample was cultured in Jones medium, and the subtype identified by sequencing the 18S rRNA barcode 

region. Effects of probiotics (4×107, 4×108, and 4×109 CFU/mL) on Blastocystis viability and growth were tested with the Trypan Blue 

dye exclusion assay over 12 - 96 h. Metronidazole (100 µg/mL) was used as the reference drug. Blastocystis isolate from a patient with 

abdominal pain was cultivated and the subtype was identified as ST3 after sequence analysis. In vitro co-incubation with S. boulardii 

completely inhibited Blastocystis growth at all doses (P<0.05), while B. clausii showed no significant effect compared to control. 

Morphologically degenerated Blastocystis cells were observed in the metronidazole-treated group in the same period. Our findings 

support that S. boulardii has the potential to effectively inhibit Blastocystis growth in vitro and suggest that its promising efficacy may 

be strain-dependent or species-specific. Further biochemical and molecular studies are required to clarify mechanisms underlying the 

therapeutic potential of S. boulardii to manage Blastocystis infections. 
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1. Introduction 
Blastocystis is a eukaryotic microorganism with a wide 

global distribution that infects humans and animals 

(Yoshikawa and Iwamasa, 2016). The life cycle comprises 

several major morphological forms, including vacuolar, 

granular, amoeboid and cystic stages. The primary mode 

of transmission is fecal–oral. It is a genetically diverse 

microorganism that relies on high polymorphism in the 

small subunit ribosomal RNA gene (SSU rRNA). To date, 

48 Blastocystis subtypes (ST1–ST48) have been 

identified, with ST3 being the most prevalent subtype in 

humans (Sejnohova et al., 2024). The pathogenicity of 

Blastocystis remains uncertain, as it may act as either a 

commensal or a pathogen depending on host 

interactions, virulence factors, and subtypes (Pawelec-

Peciak et al., 2025). Blastocystis infection is mostly 

asymptomatic; however, it has been associated with 

gastrointestinal symptoms, such as abdominal pain, 

diarrhea, distension, and urticaria (Tan, 2008). 

Immunosuppressed individuals may have increased 

susceptibility to these clinical manifestations. A growing 

body of literature has reported associations between 

Blastocystis and inflammatory or autoimmune disorders, 

including irritable bowel syndrome (IBS), ulcerative 

colitis, colorectal cancer, and Hashimoto’s disease 

(Pawelec-Peciak et al., 2025). The human gut microbiome 

is a dynamic ecosystem comprising bacteria, archaea, 

viruses, and eukaryotic microorganisms. Studies on 

Blastocystis and microbiota indicate that their presence is 

linked to microbial balance and diversity. This suggests 

that Blastocystis may function as a commensal ecosystem 

component rather than a pathogen, clinical symptoms 

may emerge if this balance is disrupted (Aykur et al., 

2024). 

Agents such as metronidazole (MZ), trimethoprim-

sulfamethoxazole (TMP-SMX), paromomycin, 

nitazoxanide (NTZ), ornidazole, secnidazole, and 

tinidazole (TIN) are used to treat Blastocystis infections 

in humans. Although MZ is the most used agent, recent 

studies have reported the presence of resistant isolates. 

The rising MZ resistance suggests that antiparasitic drugs 

alone may be inadequate and highlights the necessity for 

new therapeutic strategies for Blastocystis infection 

(Roberts et al., 2015; Ulusan Bağcı and Aral Akarsu, 

2025). Probiotics are live microorganisms that, when 

administered in adequate amounts, confer a health profit 
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on the host. The primary function of probiotics is to 

modulate the gut microbiota, supporting the integrity of 

the host’s intestinal barrier and immune system 

(Mazziotta et al., 2023). Probiotics are used to manage 

various parasitic diseases, including giardiasis, 

coccidiosis, amoebiasis, cryptosporidiosis, and 

leishmaniasis (Mandal et al., 2024). Among probiotic 

microorganisms, some are frequently preferred in 

therapy because of their proven clinical efficacy. 

Although Lactobacillus and Bifidobacterium are the most 

extensively studied, other strains with distinct biological 

advantages have also been reported. Bacillus clausii 

(Alkalihalobacillus clausii) is a probiotic bacterium that 

has been widely used for decades because of its 

beneficial effects on health. Its capacity to form heat, acid, 

and salt resistant spores provides safe passage through 

the gastrointestinal tract without loss of viability 

(Ghelardi et al., 2022).  

Saccharomyces boulardii is a probiotic yeast widely used 

to manage bacterial diarrhea and maintain intestinal 

flora balance (Alsalemi et al., 2025). It has special 

features, such as the ability to survive at different pH 

levels, resist antibiotics, and maintain stable populations. 

These features make it superior to most bacterial 

probiotics (Tomičić et al., 2024). This probiotic reduced 

Giardia-induced mucosal damage and oxidative 

stress caused by both the parasite and 

metronidazole (MTZ) (Ribeiro, 2018). 

Although the beneficial effects of probiotics on 

gastrointestinal health have been widely reported, their 

effects on Blastocystis have been poorly investigated 

(Lepczyńska and Dzika, 2019; Aykur et al., 2024).  

Although some studies have investigated the application 

of S. boulardii in clinical settings, no in vitro studies have 

been conducted. A previous study on children reported 

that the cure rate of S. boulardii was comparable to that 

of metronidazole, challenging the guidelines (Dinleyici et 

al., 2011). In addition, a gradual reduction in Blastocystis 

number in the mice fecal samples was observed after 

treatment with S. boulardii (Abd AL-Khaliq et al., 2015). 

This probiotic also improved histological features and 

reduced cytokine and iNOS levels in the colonic mucosa 

of rats (Méabed et al., 2019). No data is available in the 

literature, either in vivo or in vitro, on the effect of B. 

clausii on Blastocystis. This study aimed to evaluate the in 

vitro effects 

of S. boulardii and B. clausii on Blastocystis viability and 

growth. 

 

2. Materials and Methods 
2.1. Blastocystis Isolate and Cultivation  

Routine stool samples obtained from Aydin Adnan 

Menderes University Faculty of Medicine were used in 

this study. A Blastocystis positive stool sample identified 

by direct microscopic examination was inoculated into 

Jones medium. Rice-sized fresh fecal samples were 

transferred into the medium. 

The stock solution of Jones medium was prepared as 

follows: 1.15% Na2HPO4.H2O, 0.9% KH2PO4, and 0.9% 

NaCl were mixed in volumes of 93.8, 31.3, and 562.5 mL, 

respectively. Following the addition of 0.69 g yeast 

extract and adjustment of the pH to 7.1. The medium was 

autoclaved at 121 °C for 20 min. The solution was cooled 

to room temperature and supplemented with 10% fetal 

calf serum (FCS). The medium was dispensed in 3 mL 

aliquots into 5 mL glass tubes. The cultures were 

incubated at 35 °C in a standard bacteriological 

incubator. Subcultures were performed by addition of 0.5 

mL Blastocystis positive medium to 3 mL of fresh 

medium. Parasite growth was checked after 48 h, and the 

Blastocystis suspension was used for viability 

experiments.   

2.2. Detection of Blastocystis Subtype   

To detect the subtype of the cultured Blastocystis isolate, 

genomic DNA was extracted from 200 mg of stool sample 

using a commercial kit (Magen, Guangzhou, China), 

according to the manufacturer’s instructions. The 

Blastocystis barcode region was amplified by polymerase 

chain reaction (PCR) using the RD5 (Forward) (5′-ATC 

TGG TTG ATC CTG CCA GT-3′) and BhRDr (Reverse) (5′-

GAG CTT TTT AAC TGC AAC AAC G-3′) primers, as 

described by Scicluna et al. (2006). In PCR, the ADUBI201 

isolate (GenBank accession no. KU361300) was used as 

the positive control. The resulting amplicons were 

sequenced at a commercial facility (Medsantek, Istanbul, 

Turkiye) using an Applied Biosystems 377 DNA 

sequencer. Subtype identification was performed based 

on exact matches in the Blastocystis 18S rRNA database 

(http://pubmlst.org/Blastocystis). 

2.3. The Effect of Probiotics on Blastocystis  

Two commercially available probiotics, S. boulardii 

(Rawflor) and B. clausii (Enterogermina), were used in 

the experiments. Probiotic suspensions were prepared as 

stock solutions and added to Blastocystis cultures at final 

concentrations of 4×10⁷, 4×10⁸, and 4×10⁹ CFU/mL. The 

initial Blastocystis density in the cultures was 5–10 cells 

per 40× microscopic field. Blastocystis counts and 

viability were determined using the Trypan blue dye 

exclusion method. For this purpose, 10 µL of the culture 

sample was mixed with an equal volume of Trypan Blue 

solution, and cell counting was performed under a light 

microscope at 10× or 40× magnification. The control 

group did not include any substance and incubated like 

study groups. All measurements were performed in 

triplicates. The data are presented as the mean number 

of Blastocystis at 12, 24, 48, 72, and 96 h. Culture tubes 

showing no detectable growth were subcultured in fresh 

media for verification. Metronidazole (Flagyl, 500 mg) 

was tested as a reference drug at 100 µg/mL (Aykur et 

al., 2020). 

2.4. Statistical Analysis 

Statistical analyses were performed using Prism version 

8.0.2 for Windows (GraphPad Software, USA). Normality 

was assessed using the Shapiro–Wilk test, and 

homogeneity of variances was evaluated with Levene's 

test. As the data did not meet the assumption of 

http://pubmlst.org/Blastocystis
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normality (P<0.05), the groups were compared with the 

Kruskal–Wallis test, and pairwise comparisons were 

performed using Dunn’s test and Bonferroni correction. 

Data were presented as mean ± standard deviation (SD). 

Statistical significance level was set at P<0.05 (Genç and 

Soysal, 2018; Önder, 2018). 

 

3. Results 
Blastocystis was isolated from the fecal sample of a male 

patient in the Gastroenterology Department who was 

suffering from constipation and abdominal pain. The 

subtype of the Blastocystis isolate was identified as ST3, 

allele 34, based on an exact match with the Blastocystis 

database. The partial SSU rRNA sequence was submitted 

to GenBank under accession number PX458647.   

Probiotics demonstrated time- and dose-dependent 

effects on Blastocystis proliferation. In the S. boulardii-

treated group, Blastocystis was non-viable and not visible 

except after 12 h of incubation with 4×107 and 4×108 

CFU/mL (Figure 1). In contrast, the B. clausii-treated 

group consistently showed viable and visible Blastocystis 

at all doses (Figure 2). All Blastocystis cells in the control 

group remained alive throughout the 72-hour study 

period (Figure 3).  At the lowest probiotic concentration 

(4×107 CFU/mL), pairwise comparisons revealed a 

significant difference between the S. boulardii and control 

groups at all-time points (P<0.05), whereas no significant 

differences were observed between the control and B. 

clausii groups (P>0.05).  In addition, for the other 

concentrations and time points, Blastocystis counts for 

S. boulardii were significantly lower than those of 

B. clausii and the control group (P<0.05). No significant 

difference was observed between B. clausii and control at 

same time points (Table 1 and Figure 4).  Metronidazole 

efficiently reduced the number of viable Blastocystis cells 

between 12 and 72 h. However, both trypan blue–stained 

non-viable cells and unstained but morphologically 

degenerated cells were observed (Figure 5). 

Morphological degeneration was mostly characterized by 

the loss of the typical vacuolar appearance, cytoplasmic 

contraction, and membrane disruptions.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 1. Blastocystis viability after treatment with S. boulardii at 40× magnification: (A) after 24 h incubation with 

4 × 10⁷ CFU/mL S. boulardii showing two trypan blue–stained non‑viable Blastocystis cells (black arrows), (B) after 24 h 

incubation with 4 × 10⁹ CFU/mL S. boulardii showing complete clearance of Blastocystis cells. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Blastocystis viability after treatment with B. clausii at 40× magnification, stained with trypan blue: (A) after 

48 h incubation with 4 × 10⁷ CFU/mL B. clausii showing live Blastocystis cells, (B) after 96 h incubation with 

4 × 10⁸ CFU/mL B. clausii showing numerous viable Blastocystis cells stained . 
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Figure 3. Blastocystis viability in the untreated control group, with trypan blue, at 40× magnification: (A) after 24 h 

incubation showing viable Blastocystis cells after 24 h, (B) after 96 h incubation showing continuous growth with 

morphologically intact cells. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Time‑dependent effects of S. boulardii and B. clausii on Blastocystis growth at three concentrations 

(4 × 10⁷, 4 × 10⁸, and 4 × 10⁹ CFU/mL). Data were expressed as mean ± standard deviation (SD) of triplicate 

measurements. The y‑axis represents the mean number of Blastocystis; the x‑axis shows incubation time (hours).   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Blastocystis viability following treatment with 100 µg/mL metronidazole, trypan blue staining at 40× 

magnification: (A) after 12 h of treatment showing both viable and non‑viable Blastocystis cells, non‑viable cells (red 

arrows) and viable cells (green arrows), (B) after 96 h of treatment demonstrating trypan blue–stained non‑viable cells 

(red arrows) and unstained but morphologically degenerated forms (green arrows). 
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Table 1. The overall Blastocystis numbers after co-incubation with S. boulardii and B. clausii 

  12.hour 24.hour 48. hour 72.hour 96.hour 

4x107 S. boulardii a 3.3±0.6 0 0 0 0 

 B. clausii b 8.7±2.9 9.0±2.6 12.7±2.5 19.3±1.2 38.3±2.1 

 Control 9.7±0.6 10.3±2.5 10.7±2.9 24.3±3.2 38.0±2.6 

4x108 S. boulardii a 1.3±0.6 0 0 0 0 

 B. clausii b 9.7±1.5 16.3±3.5 14.3±2.1 24.3±4.0 45.3±6.1 

 Control 10.7±1.2 11.7±3.1 15.3±4.2 24.7±2.9 49.7±1.5 

4x109 S. boulardii a 0 0 0 0 0 

 B. clausii b 11.1±1.0 9.7±2.1 14.3±2.1 26.0±5.6 42.3±2.1 

 Control 10.3±1.5 13.0±2.6 12.7±1.2 24.7±4.2 44.3±3.2 

Data were presented as mean ± standard deviation (SD). Statistical analyses were performed using the Kruskal–Wallis test followed by 

Dunn’s post‑hoc test with Bonferroni correction. a significant difference compared with the control group at the same time point 

(P<0.05). b no significant difference compared with the control group (P>0.05).  

 

4. Discussion 
Although some recent studies suggest that Blastocystis 

may reduce beneficial gut bacteria, most research 

identifies it as a common component of a healthy gut 

microbiome (Deng and Tan, 2025). This discrepancy 

could stem from differences in study methodologies, 

population samples, and subtypes. In our study, S. 

boulardii inhibited Blastocystis growth, whereas B. clausii 

did not show such an effect. Supporting our findings on S. 

boulardii, a study on Blastocystis-infected children 

reported an efficacy of 99.4% compared to 77.3% for 

metronidazole (Dinleyici et al., 2011). A direct in vitro 

comparison between metronidazole and S. boulardii was 

not possible due to the challenge of detecting non-viable 

cells in the metronidazole-treated group. However, S. 

boulardii completely eradicated Blastocystis in the 

medium, while morphologically degenerated Blastocystis 

cells remained in the metronidazole group, supporting S. 

boulardii might be more effective than metronidazole. A 

case report further confirmed S. boulardii's effectiveness 

and indicated that Lactobacillus and Bifidobacterium are 

ineffective in eradicating Blastocystis (Angelici et al., 

2018). A study investigated therapeutic role of S. 

boulardii on Blastocystis. Treatment effectiveness was 

assessed through parasitological cure rate, 

histopathology and colonic mucosal expressions of 

proinflammatory cytokines (IL-6, IL-8, TNF-α) and iNOS. 

When combined with metronidazole it showed superior 

efficacy, achieving 100% reduction of Blastocystis in stool 

and improvement of tested parameters (Méabed et al., 

2019). Although we found a complete inhibition of 

Blastocystis growth by S. boulardii, the underlying 

mechanisms remain to be clarified. Probiotic 

mechanisms of S. boulardii include luminal, mucosal, and 

trophic effects. Luminal activity inhibits pathogen toxins 

and inhibits growth by producing short chain fat acids 

(SCFAs). It also modulates gut microbial composition, 

raising symbiotic relationships and beneficial microbes 

for gut health (Ting et al., 2026). Blastocystis growth may 

be inhibited because of the reduction of luminal pH, 

competition for nutrients, and the production of 

metabolites (Plaza-Diaz et al., 2019).  

A review of the literature revealed the lack of studies that 

investigate the effect of Bacillus species on Blastocystis, 

either in vitro or in vivo. They play crucial roles in 

enhancing beneficial flora, thereby contributing to 

human health including the competitive exclusion of 

pathogenic organisms, enhancement of nutritional value, 

improvement of dietary intolerances and allergies, anti-

inflammatory and immune-modulatory effects, improved 

gut function, and reduced risk of cardiovascular disease 

and cancer (Payne, 2024). They can enhance the 

treatment of various gastrointestinal disorders, including 

acute gastroenteritis, antibiotic-associated diarrhea, 

Crohn’s disease, celiac disease, inflammatory bowel 

disease, Clostridioides and Helicobacter pylori infections, 

constipation, necrotizing enterocolitis, and colorectal 

cancer (Díaz-Madriz et al., 2023). A clinical study 

highlighted the effectiveness of B. clausii spores as a 

successful option for treating symptoms and as an 

immunomodulatory agent in the treatment of persistent 

diarrhea in children (Dang et al., 2024). Some other 

bacterial strains have been evaluated as probiotics in 

relation to Blastocystis. For example, L. acidophilus 

reduced intestinal inflammation and the side effects of 

metronidazole in Blastocystis infections (Abdeltawab et 

al., 2025). Both in vitro and in vivo studies have 

demonstrated that the combination of metronidazole and 

Lactobacillus probiotics effectively decreases the 

Blastocystis load, with the combination yielding the most 

significant parasitological and immunological 

improvements (Ma et al., 2025). Overall, the findings of 

this study support the hypothesis that an environment 

dominated by yeast inhibits the growth of Blastocystis. 

A limitation of our study is that the probiotic 

microorganisms utilized were commercial products, 

which included additives. They introduce confounding 

variables, such as additives and inactive ingredients. This 

factor may have influenced the viability of Blastocystis. 

Additionally, our study focused on Blastocystis ST3, the 

most prevalent subtype in human fecal samples; 

however, other subtypes may exhibit different 

interactions with probiotics. A study showed that 

Akkermansia muciniphila was positively linked to all 

subtypes, while and Holdemania biformis was negatively 
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linked to them, and several bacteria were enriched in 

specific STs (Huang et al., 2024). Future research should 

consider using pure microorganisms and exploring 

subtype-dependent variations. 

 

5. Conclusion 
In conclusion, although the role of Blastocystis in gut 

health continues to be debated, our findings reveal that S. 

boulardii effectively inhibits its growth, while B. clausii 

shows no significant impact. Together with previous 

clinical and in vivo studies, our results suggest that S. 

boulardii could be a promising alternative or supportive 

option for managing Blastocystis infections. However, the 

mechanisms of Blastocystis growth inhibition after S. 

boulardii co-infection were not investigated in the 

present study. Possible mechanisms such as the secretion 

of inhibitory metabolites, competition for nutrients, or 

pH changes require further investigation. Future 

research should focus on these mechanisms, therapeutic 

potential, and clinical applications of S. boulardii in the 

treatment of Blastocystis infections. 
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