
HAL Id: tel-02402188
https://theses.hal.science/tel-02402188v2

Submitted on 10 Dec 2019

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Mise en place d’un modèle animal d’infection par
Blastocystis : répercussion sur la sensibilité colique, le

comportement et le microbiote intestinal
Manon Defaye

To cite this version:
Manon Defaye. Mise en place d’un modèle animal d’infection par Blastocystis : répercussion sur
la sensibilité colique, le comportement et le microbiote intestinal. Microbiologie et Parasitologie.
Université Clermont Auvergne [2017-2020], 2018. Français. �NNT : 2018CLFAS019�. �tel-02402188v2�

https://theses.hal.science/tel-02402188v2
https://hal.archives-ouvertes.fr


 
Année 2018              N° d’ordre 
 

ECOLE DOCTORALE 
DES SCIENCES DE LA VIE, SANTE, AGRONOMIE ET ENVIRONNEMENT 

 
 

Thèse 
 
 

Présentée à l’Université Clermont Auvergne 
Pour l’obtention du grade de docteur 

(Décret du 5 juillet 1984) 
Spécialité Neurogastroentérologie 

 
Soutenue le 07 décembre 2018 

 
 

Manon DEFAYE 
 

Mise en place d’un modèle animal d’infection par Blastocystis: 
Répercussions sur la sensibilité colique, le comportement  

et le microbiote intestinal

 
Directeur de thèse  

Pr. Frédéric DELBAC Université Clermont Auvergne, LMGE, CNRS U6023, Clermont-Ferrand 
 
Membres   

Dr. Mathilde BONNET  Université Clermont Auvergne, M2iSh, Inserm/INRA U1071, Clermont-Ferrand 
Dr. Pauline JOUET  Service de Gastroentérologie, Hôpital Ambroise-Paré, Boulogne Billancourt 
Dr. Gilles DIETRICH Université Paul Sabatier, IRSD, Inserm/CNRS U1220, Toulouse 

 
Rapporteurs   

Pr. Nathalie KAPEL Service de coprologie fonctionnelle, Hôpital la Pitié-Salpêtrière, Paris 
Dr. Christophe ALTIER Université de Calgary, Réseau de Recherche sur l’Inflammation, Calgary 

 
 

Laboratoire Micro-organismes : Génome et Environnement UMR6023 CNRS/UCA 
Equipe Interaction Hôtes-Parasites 

Campus Universitaire des Cézeaux, 1 Impasse Amélie Murat, 63178 AUBIERE 
 

& 
 

NeuroDol UMR1107 Inserm/UCA 
Laboratoire de Pharmacologie Fondamentale et Clinique de la Douleur 

Facultés de Médecine et de Pharmacie, 28 place Henri Dunant, 63000 CLERMONT-FERRAND 



















 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 















 

 

 







 

 

 





 

 

 

 



 

 

 



 

 



 

 

 

 



 



 

 

 



 

 



 



 



 

 

 

 



 

 

 



 

 

 



 



 

 



 

 



 



 



 

 



 





 

 

 



 



 



 

 





 







 



 

 



 





 

 



 

 



 

 

 





 

 

 



 



 

 

 



 

 



 



 

 



 

 



 

 



 

 

 



 



 



 



 

 



 

 

 





 

 



 



 



 

 



 





 





 









Efficient and reproducible experimental infections 

of rats with Blastocystis spp. 

Manon Defaye1,2,¶, Céline Nourrisson1,3,¶, Elodie Baudu2,4, Ivan Warwzyniak1, Virginie 

Bonnin4, Mathilde Bonnet4, Nicolas Barnich4, Denis Ardid2, Frédéric Delbac1, 

Frédéric Antonio Carvalho2,&,  and Philippe Poirier1,3,&,  

 

1 Université Clermont Auvergne, 3iHP, CNRS, Laboratoire Micro-organismes : 

Génome et Environnement, F-63000 Clermont-Ferrand, France 

2 Université Clermont Auvergne, 3iHP, Inserm U1107, NeuroDol, Clermont-Ferrand, 

France 

3 Université Clermont Auvergne, CHU, 3iHP, CNRS, Laboratoire Micro-organismes : 

Génome et Environnement, F-63000 Clermont-Ferrand, France 

4 Université Clermont Auvergne, 3iHP, Inserm U1071, USC INRA 2018, Microbes, 

Intestin, Inflammation et Susceptibilité de l'Hôte, Clermont-Ferrand, France 

 

* Corresponding Authors:  ppoirier@chu-clermontferrand.fr (PP) 

    frederic.carvalho@uca.fr ; FC) 

 

¶ These authors contributed equally to this work. 

& These authors also contributed equally to this work



Abstract

Although Blastocystis spp. infect probably more than 1 billion people worldwide, 

their clinical significance is still controversial and their pathophysiology remains poorly 

understood. In this study, we describe a protocol for an efficient and reproducible 

model of chronic infection in rats, laying the groundwork for future work to evaluate the 

pathogenic potential of this parasite. In our experimental conditions, we were unable 

to infect rats using vacuolar forms of an axenically cultivated ST4 isolate, but we 

successfully established chronic infections of 4 week-old rats after oral administration 

of both ST3 and ST4 purified cysts isolated from human stool samples. The infection 

protocol was also applied to 4 week-old C57BL/9, BALB/C and C3H mice, but any 

mouse was found to be infected by Blastocystis. Minimal cyst inoculum required for rat 

infection was higher with ST3 (105) than with ST4 (102). These results were confirmed 

by co-housing experiments highlighting a higher contagious potential of ST4 in rats 

compared to ST3. Finally, experiments mimicking fecal microbiota transfer from 

infected to healthy animals showed that Blastocystis spp. could easily infect a new host, 

even though its intestinal microbiota is not disturbed. In conclusion, our results provide 

a well-documented and robust rat model of Blastocystis chronic infection, reproducing 

and to better evaluate clinical significance of Blastocystis.   



Introduction

Blastocystis spp. are anaerobic enteric protist found in the intestinal tract of a wide 

range of animals, and are probably the most prevalent human parasites (1). Four 

morphological stages of Blastocystis spp. have been described including amoeboid, 

granular, vacuolar and cystic stages. Both vacuolar and cystic forms are commonly 

found in human fecal samples and cyst is considered to be the infectious stage (1 3). 

Blastocystis spp. have been classified into 17 subtypes (ST) based on nuclear small 

subunit (SSU) ribosomal RNA-encoding gene, the ST1 to ST9 and ST12 being 

recovered from human (4 7). ST3 is the most frequent subtype in human, followed by 

ST1, ST2 and ST4 (5). However, this distribution depends on geographic areas, and a 

higher prevalence of ST4 was reported from the north of Europe (7 9). 

Blastocystis spp. infection occurs in both immunocompetent and 

immunocompromised hosts and recent studies highlighted higher prevalence of these 

parasites in patients with Irritable Bowel Syndrome (IBS) and colorectal cancer (10

13). However, the involvement of Blastocystis spp. in human diseases is highly 

debated and well-designed epidemiological studies still need to be performed. Animal 

experimental models for Blastocystis 

postulates, but few animal-based studies have been published so far, suggesting 

difficulties in the establishment and reproducibility of these models (14). To date 

various animal models were used for Blastocystis infection as rodents (rats or mice), 

guinea pigs or chickens. Moreover, studies have shown that both vacuolar and cystic 

stages of different STs can efficiently infect animals (14). The heterogeneity of infection 



methods with various animal models and/or different STs inoculation confirm that the 

establishment of a standardized model is necessary. 

In this study, we evaluated several methods to inoculate Blastocystis spp. into 

laboratory animals (mice and rats) using different parasitic stages (vacuolar and cystic 

forms) isolated from in vitro cultures or from human or animal feces. Interestingly, we 

succeeded in the development of a reproducible model of chronic infection in juvenile 

and adult Wistar rats using purified cysts isolated from human stools.



Materials and methods

Animals. 

All animals were housed in animal biosafety level 2 (21 22°C, 12:12 h light-dark 

cycle) with access to food and water ad libitum. Three- and ten-week-old specific-

pathogen-free (SPF) Wistar male rats and three-week-old SPF C57BL/9, BALB/C and 

C3H mice were purchased from Charles River Lab (Saint Germain Nuelles, France). 

 After experimental infections with Blastocystis, 

fecal samples were collected every week until sacrifice. 

 

Blastocystis ST4 axenic cultures. 

Blastocystis ST4 WR1 strain isolated from Wistar rats and axenized by Chen et al., 

(15) was cultured anaerobically in Iscove's Modified Dulbecco's Medium (IMDM) 

(Gibco, Life Technologies, Carlsbad, CA, USA) with 10% horse serum (PAA, Pasching, 

Austria) and 1% penicillin/streptomycin (Gibco, Life Technologies, Carlsbad, CA, USA) 

at 37°C. 

Vacuolar forms were collected from 48h-old cultures by centrifugation at 1000 g 

for 10 min and suspended in sterile phosphate buffered saline (PBS) to reach a 

concentration of 107 parasites per milliliter and were used for experimental infections. 



Oral administration of vacuolar forms isolated from axenic 

Blastocystis ST4 strain. 

In a first experiment, four-week-old Wistar male rats were orally inoculated with 

107 ST4 vacuolar forms per rat from in vitro axenic culture (n=14). Eight rats were used 

to evaluate kinetic of ST4 route through the gastrointestinal tract and six rats were kept 

to monitor the progression of infection over time. To reduce gastric acidity, rats 

received 3 oral administrations every 2 hours of cimetidine (50 mg/kg, Mylan, 

Canonsburg, PA, USA) (n=4) or 0.2 M sodium bicarbonate (Cooper, Melun, France) 

(n=4) before oral inoculation with 107 vacuolar forms of ST4 in a second experiment. 

Similarly as before, four rats were used to evaluate kinetic of ST4 route through the 

gastrointestinal tract and four rats were kept to monitor the progression of infection

over time. 

 

Kinetic of ST4 route through the gastrointestinal tract of 

experimentally-infected rats. 

After oral administration of ST4, rats were euthanized at 3 (n=2), 6 (n=2), 12 (n=2) 

or 24 h (n=2) post-inoculation (PI). Stomach content was collected at 3 h PI, stomach 

and duodenum contents at 6 h PI, ileum and caecum contents at 12 h PI, and caecum, 

proximal and distal colon contents at 24 h PI. 

For the experiments with animals pretreated with cimetidine or sodium bicarbonate, 

euthanasia of rats was done at 3 or 6 h (n=2 for each time and condition). Stomach 

contents were collected at 3 h PI and caecum contents at 6 h PI. 

 



Intra-caecal inoculation of vacuolar forms isolated from axenic 

Blastocystis ST4. 

Four-week-old Wistar male rats were intra-caecally inoculated with 107 ST4 

vacuolar forms per rat from axenic culture (n=6). Briefly, after 24 h of fasting, rats were 

anesthetized (Ketamine 75 mg/kg + Xylazine 10 mg/kg), followed by an abdomen 

incision, caecum externalization and injection of 107 ST4 vacuolar forms. Then, 

caecum was repositioned and abdomen sutured. 

 

Blastocystis isolates collected from human stools. 

Four asymptomatic human carriers of Blastocystis ST2, ST3, ST4 and ST7 were 

identified at the medical laboratory of Parasitology of the Clermont-Ferrand teaching 

hospital (France). Both Blastocystis cysts and vacuolar forms were observed in stools 

for patients with ST2, ST3 and ST4, whereas only vacuolar forms were observed for 

the ST7 carrier. Fresh stools were collected for animal infections (approved by the 

research ethics committees of the Clermont- ité de Protection 

des Personnes Sud-

performed by SSU rDNA sequencing as previously described (9,16). Sequences were 

analyzed using the Basic Local Alignment Search Tool (BLAST; 

http://blast.ncbi.nlm.nih.gov/). 

 

Purification of cysts isolated from human stools. 

Cysts were purified from human stools of ST2-, ST3- or ST4-infected patients (one 

patient for each subtype) by an optimized method (Figure 14) adapted from 



water and larger debris were removed by filtration (funnel with filter disc 1mm, 

Theradiag, Marne La Vallee, France). The fecal suspension was washed twice in 

distilled water by centrifugation at 1700 g for 10 min. The supernatant was discarded 

and pellet was suspended in 40 ml of sucrose solution (d = 1.20) (Sigma-Aldrich, Saint-

Louis, MO, USA) and was divided into 15 ml tubes. Then, 0.5 ml of distilled water was 

added in each tube followed by a centrifugation at 1700 g for 10 min. The interface 

between sucrose and distilled water was collected and suspended in distilled water. 

Two washes in distilled water were performed by centrifugation at 1700 g for 10 min. 

The pellet was suspended in 0.5 ml of distilled water and mixed with 7 ml Percoll 

solution (d = 1.13) (MP Biomedicals, Illkirch, France). Then, 6 ml of distilled water were 

added, followed by a centrifugation at 1200 g for 10 min. The interface between distilled 

water and Percoll solution was collected, adjusted to 15 ml with distilled water and 

centrifuged at 1700 g for 10 minutes. This step using Percoll gradients was performed 

twice. Pellets containing purified cysts were suspended in 0.5 ml of an antibiotic 

cocktail containing 0.01 g/L Vancomycin (Sandoz, Levallois-Perret, France), 0.1 g/L 

Amoxicillin-clavulanic acid (Sandoz, Levallois-Perret, France) and 0.1 g/L Cefotaxim 

(SteriMax, Oakville, ON, Canada) diluted in sterile PBS (Gibco, Life Technologies, 

Carlsbad, CA, USA) and incubated for 6 h at 4°C. Cysts were washed twice in sterile 

PBS by centrifugation at 300 g for 5 min and finally suspended in sterile PBS. Ten 

microliters of the suspension were plated on LB media and incubated at 37°C for 24 h 

in order to quantify the number of Colony Forming Units (CFU).  

Cysts were counted in Malassez chamber and suspension was diluted in sterile 

PBS to obtain concentrations of 102, 103,104 or 105 cysts per milliliter. 

 



Oral administration of purified cysts isolated from human stools.

Wistar male rats (four or twelve-week-old) were orally inoculated with 102/rat to 

105/rat ST2, ST3 or ST4 purified cysts isolated from human stools (n=5 for each 

condition). Blastocystis isolated from rat feces after infection were subtyped by 

sequencing the SSU rRNA encoding gene as described above. For mice infections, 

105 ST4 purified cysts per animal were orally inoculated to four-week-old C57BL/6 

(n=3), BALB/C (n=3) or C3H mice (n=3). 

 

Co-housing experiments. 

Four-week-old Wistar male rats were orally inoculated with 105 ST3 (n=2) or ST4 

(n=2) purified cysts per animal, as described above. Four-weeks PI, these animals 

were co-housed for 6 weeks with eight-week-old non-infected rats (n=4 per ST).

 

Oral administration of rat feces containing Blastocystis cysts. 

Fresh feces from experimentally-infected rats, containing ST3 or ST4 cysts, were 

collected. Almost 300 mg of feces samples were pooled and suspended in 3 ml of 

sterile PBS. Then, eight-week-old rats (n=3, for each ST) were orally inoculated with 

105 cysts. 

 



Fecal microbiota transplantation (FMT) using Blastocystis-positive 

human stools. 

Fresh stools from infected humans, containing ST2 or ST3 or ST4 cysts, or ST7 

vacuolar forms, were collected. Almost 30 g of each fecal samples were suspended in 

90 ml of sterile PBS. Moreover, almost 30 g of ST4 fecal sample were cryopreserved 

in 90 ml of PBS/glycerol 10% and stored at -80°C for two months. Four-week-old Wistar 

male rats were orally inoculated with 1 ml (corresponding to 300 mg of Human stools) 

of the suspension containing either ST2 (n=3), ST3 (n=3), ST4 with or without 

cryopreservation (n=3 for each condition) cysts or ST7 (n=3) vacuolar forms. 

 

Xenic cultures of Blastocystis-positive animal or human feces.

as previously described (18). After 48 h of incubation, the culture was observed by 

standard light microscopy (x 400). Identification of vacuolar forms revealed the 

presence of viable parasites 

 

Detection of Blastocystis by quantitative PCR (qPCR). 

DNA was extracted from gastrointestinal tract contents or fecal samples using the 

NucleoSpin® Soil kit protocol (Macherey-Nagel SARL, Hoerdt, France). DNA was 

amplified with LC-FastStart DNA Master SYBR green kit (Roche Diagnostics, France) 

-AGTAGTCATACGCTCGTCTCAAA-

-TCTTCGTTACCCGTTACTGC- -Gene 6000 system 

(Corbett Life Science, France) as described by Poirier et al (9). 



Immunofluorescence labeling of Blastocystis cysts.

Purified cyst smears were incubated with 5% milk in PBS for 1 h and washed in 

PBS/Triton-X100 0.1%. Then, cysts were incubated with anti-Blastocystis mouse 

polyclonal antibodies (diluted 1:200 in PBS) for 1 h at room temperature (RT), followed 

by three washes, and incubated with AlexaFluor 488-conjugated secondary antibody 

(anti-mouse IgG, 2 µg/ml in PBS) (Invitrogen Carlsbad, CA, USA) for 1 h at RT. 

Preparations were washed twice with PBS and stained with 4',6-diamidino-2-

phenylindole (DAPI). 

 

Immunofluorescence staining of intestinal sections. 

Four weeks PI, ST4- or ST3-infected rats were euthanized and the intestine was 

Then, 

the rolls were transferred in sucrose 30% during 24-48 h at 4°C. Finally, the rolls were 

included in OCT compound (CellPath®, Newton, United Kingdom). Sections of OCT-

embedded intestine were incubated with 5% milk in PBS for 1 h, and then washed in 

0.1% Triton-X100 in PBS. Anti-Blastocystis mouse polyclonal antibodies (diluted 

1:200) were added for 1 h at RT, washed, and incubated further 1 h at RT with 

AlexaFluor 546-conjugated secondary antibody (diluted 1:1000) (anti-mouse IgG, 

Thermo Fisher Scientific, Waltham, MS, USA). Sections were washed and then 

incubated with fluorescein phalloidin (Thermo Fisher Scientific, Waltham, MS, USA) 

diluted 1:100 in PBS during 20 min. Finally, sections were washed and stained with 

DAPI. For each ST, six sections of duodenum, jejunum, ileum, caecum and colon from 

three rats were observed. 

 



Transmission electron microscopy (TEM).

Samples were washed in 0.2 M Sodium Cacodylate buffer and fixed overnight at 

4°C with a mixture of 2% glutaraldehyde and 0,5% PAF in 0,2 M Sodium Cacodylate 

buffer. Specimens were then washed three-times in 0.2 M Sodium Cacodylate buffer, 

post-fixed 1 h with 1% OsO4 in 0.2 M Sodium Cacodylate buffer, and washed three-

times (10 min) in 0.2 M Sodium Cacodylate buffer. Specimens were then dehydrated 

in a graded ethanol and acetone solution. Subsequently, they were infiltrated with 

acetone and EPON resin mixture (2:1) for 1 h, with acetone and EPON resin mixture 

(1:1) for 1 h, and with acetone and EPON resin mixture (1:2) for 1 h. Specimens were 

embedded in resin overnight at RT, and cured for 2 days in a 60°C oven. Thin sections 

(70 nm) were cut using a UC6 ultramicrotome (Leica, Wetzlar, Germany) and stained 

with uranyl acetate and lead citrate. Carbone was evaporated using CE6500 unit. 

Specimens sections were observed at 80 kV with a Hitachi H-7650 TEM and a camera 

Hamamatsu AMT40. Electron microscopy preparations were all performed by the 

-Ferrand, France). All chemical 

products were from Electron Microscopy Science, and distributed in France by Delta 

Microscopies.



Results

Inoculation of rats with vacuolar forms of in vitro-cultivated 

Blastocystis ST4. 

In all our tested conditions, oral infections with vacuolar forms of Blastocystis ST4 

axenic cultures failed (Table 4) even in animals pretreated with molecules which 

increase intragastric pH (cimetidine 50 mg/kg or sodium bicarbonate 0.2 M). To confirm 

the absence of parasites, we performed a follow-up of the parasite course through the 

intestinal tract of rats from 3 h to 24 h post-infection (PI) by xenic culture and qPCR. 

Even though high parasite loads were inoculated (107 per animal), xenic culure and 

qPCR were all negative suggesting that vacuolar forms are not able to pass through 

the stomach alive (Table 5). After treatment with cimetidine or sodium bicarbonate, 

qPCR analysis revealed the presence of Blastocystis DNA in the caecum of rats 6 h 

PI but no viable parasitic form was observed after xenic cultures from collected caecum 

contents (Table 5). To avoid stomach passage, ST4 vacuolar forms were directly 

inoculated into the caecum of rats, but here again all animals remained uninfected 

(Table 4).These data suggest that vacuolar forms are not able to infect rats in our 

experimental conditions.  

 

Infection of mice and rats with purified cysts isolated from human 

stool samples. 

We optimized a protocol of purification as described previously by adding another 

Percoll gradient step and a treatment with an antibiotic cocktail (Figure 14). This 

protocol decreased drastically the number of bacteria below 250 CFUs inoculated per 



animal (data not shown). From 50 g of human stool about 4 million cysts were purified 

for each subtype (Figure 15A). The size of purified cysts ranged from 2 to 7 µm and 

cysts were characterized by the presence of two or four nuclei (Figure 15B). Both 

juvenile (four-week-old) and adult (twelve-week-old) rats were successfully infected by 

oral inoculation of 105 cysts of Blastocystis ST2, ST3 and ST4 per animal (Table 4). 

Cultures of feces collected 8 weeks after oral inoculation of cysts were positive for 

Blastocystis, confirming a chronic infection by the parasite 

We then evaluated the minimal inoculum for both ST3 and ST4 by using infectious 

dose ranging from 102 to 105 purified cysts per animal. Interestingly, rats were 

chronically infected with the lowest cyst inoculum of ST4 (102), whereas higher 

inoculum of ST3 (105) was required for the establishment of infection (Table 4). 

During all experiments, only cystic forms were observed in feces from infected rats 

for both Blastocystis subtypes. Indeed excreted cysts in rat feces were characterized 

by light microscopy and immunofluorescence labeling using polyclonal antibodies. 

Cysts from ST3 and ST4 infected rats were similar in size to those isolated from human 

stools and were also characterized by the presence of two to four nuclei (S1 Fig.). 

The same infection protocol was further applied to 3 different genetic mice 

backgrounds, C57BL/6, BALB/c and C3H mice (Table 4). However, we were not able 

to obtain any infection, suggesting that immunocompetent mice could be resistant to 

infection by these ST4 Blastocystis strains.  

 



Transmission between animals by co-housing experiments or oral 

inoculation. 

Eight-week-old ST3 (n=2) or ST4 (n=2) infected rats were co-housed with eight-

week-old naive rats (n=4 per subtype) during six weeks. Infections were monitored by 

microscopy observation and xenic cultures of fecal samples. For ST4 co-housing 

experiments, all naive rats became infected only two weeks after the beginning of the 

experiment, whereas only 1/4 naive rat became infected with ST3, 6 weeks after the 

beginning of the experiment (Table 4).  

Naive eight-week-old rats (n=3 for each subtype) were also orally inoculated with 

feces from ST3 or ST4 infected rats. Only ST4-inoculated rats were infected (Table 4). 

 

Fecal microbiota transplantation from human to rats. 

Four-week-old rats were orally inoculated with fresh human stools containing 

Blastocystis ST2, ST3, ST4 or ST7, mimicking fecal microbiota transplantation. Both 

cystic and vacuolar forms were present in ST2, ST3 and ST4 human positive stools. 

In contrast, only vacuolar forms were observed in ST7-positive stools. Infection 

monitoring was done following FMT by xenic cultures of rat feces. Vacuolar forms were 

detected in culture feces from ST2, ST3 and ST4 infected rats but no viable parasite 

was identified in ST7-inoculated rat feces (Table 4). 

Interestingly, we also performed FMT from Human to rat after cryopreservation of 

Blastocystis ST4 stools, by following the recommended protocol for Human to Human 

FMT (22). After 2 months at -80°C, stools were thaw out and transferred to naive rats. 

All animals were infected, suggesting that the procedure of cryopreservation use for 

Human to Human FMT also maintain Blastocystis alive. 



Colonization of the intestinal tract by Blastocystis.

Both ST3- and ST4-infected rats by purified cysts from human stools were 

sacrificed four 

performed on duodenum, jejunum, ileum, caecum, proximal and distal colon. 

Blastocystis vacuolar forms were observed from duodenum to distal colon for both ST3 

and ST4 (S2 Fig.). Immunofluorescence labeling revealed that parasites were mainly 

localized in the intestine lumen (Figure 16A), and sometime in close contact with 

epithelial cells (Figure 16B). No invasive form was observed. Transmission electron 

microscopy performed on colonic sections confirmed the presence of parasites in the 

lumen (Figure 16C) and in close contact with epithelial cells (Figure 16D). 



Discussion

Animal models are essential for a better understanding of the pathogenic potential 

of Blastocystis spp which still remains controversial. Rats (Wistar strain being the most 

common) (17, 20 24), mice (25 29), guinea pigs (30) and chickens (21) were 

previously demonstrated as potential models of Blastocystis infection. However, to 

date (31) there is no standardized animal infection model for Blastocystis, suggesting 

difficulties in the establishment or reproducibility of these models. 

In the present study, we aimed to provide a robust and well-described protocol to 

obtain efficient and reproducible experimental infection with Blastocystis spp. Four 

different human Blastocystis STs were used in our experiments, including ST3, the 

most common ST found in human, followed by ST2 and ST4, the latter reported to be 

highly prevalent in Europe (7 9), and ST7 whose whole genome was the first 

sequenced (31,32). ST4 was also used because it is the most prevalent ST found in 

rodents and its whole genome was recently sequenced (33). Parasites used in our 

study originated from axenic cultures (ST4-WR1, first isolated from a laboratory rat) 

(15) or were isolated from human stools by a highly efficient purification process (ST2, 

ST3 and ST4) adapted from Yoshikawa et al (17). 

Based on the literature and the easiest models to handle in an animal facility, we 

focused on common rodent models with rats and mice. We were not able to infect rats 

with the axenic ST4 WR1 strain. In our in vitro culture conditions that strain only 

produced vacuolar forms. Then, failures in animal infections could be explained by 

sensitivity of vacuolar forms to gastric pH, but also to oxygen exposure during inoculum 

preparation (1, 34). Indeed, studies have shown that rat stomach pH ranged from 3.2 

- 3.9 (35). However, we also failed to infect animals with ST4 WR1 by increasing the 



intragastric pH or after intracaecal injection of parasites. Then, we hypothesized that 

long-term culture and/or axenization of vacuolar forms may have attenuated the 

infectious potential of the ST4 WR1 strain. Indeed, the maintenance of the parasites 

Trypanosoma cruzi and Entamoeba histolytica in laboratory cultures led to gene 

expression changes and decreased infectivity (36 38). However, previous studies 

have reported successful infections of rats using axenic Blastocystis strains (25, 29,

39). We cannot exclude that some axenic strains may conserve their infectious 

potential, or may produce cysts in axenic culture conditions. Indeed, cyst is considered 

to be the main infectious stage, responsible for feco-oral contamination between hosts 

(17, 20, 21, 23, 24, 40). Different protocols have been described for cyst isolation from 

human stool samples (17, 

cyst-associated bacteria (17). Then, an additional Percoll step was performed and 

purified cysts were incubated with a wide spectrum antibiotic cocktail targeting both 

aerobic and anaerobic bacteria. Moreover, successful infections following this 

treatment demonstrated low impact of this antibiotic treatment on Blastocystis cyst 

viability.  

We were able to infect rats with ST2, ST3 and ST4 cysts by using high parasite 

load (105 cysts/animal). Infected animals were followed as long as 8 weeks post-

infection. Animals excreted Blastocystis cysts until the end of experiments, confirming 

the establishment of a chronic infection in our model.  

Our results reinforced that ST4 infection failures were not related to a resistance 

mechanism, but more likely to the stage used or long-term in vitro cultivation. The 

susceptibility of animals to Blastocystis was reported to be age-dependent by Moe et 

Blastocystis ST used in their experiments 

(25). In our study, we were also able to infect twelve-old-week rats with Blastocystis



ST4 cysts, suggesting that at least for this ST, age is not a limiting factor. However, 

the effects of aging on susceptibility to ST3 infection remain to be investigated. 

Interestingly, rats were infected with as low as 102 ST4 cysts per animal, whereas the 

minimal inoculum dose required for infection with ST3 reached 105 cysts suggesting 

host adaptation. Transmission between animal by co-housing experiments and oral 

inoculations confirm our hypothesis. Transmission between animal by co-housing 

experiments and oral inoculations confirm our hypothesis. These results may explain 

why ST4 is the more prevalent than ST3 in rodents (41). However, oral inoculation with 

less than 102 ST4 cysts per rat remains to be investigated, but a previous work has 

shown that infection efficiency with 10 cysts of ST4 RN94-9 or ST4 NIH:1295:1 strains 

varies between 20-100% (17).  

Our results suggest that even though host barrier is not critical for Blastocystis

infection, some STs are more adapted to particular hosts. Then, we applied our 

purification protocol to infect 3 strains of mice. The first one was juvenile BALB/c mice 

that have been shown to be more susceptible to parasite infections (42, 43) such as 

Blastocystis (25,39). We also used C3H mice that have been described to be 

susceptible to Entamoeba histolytica (44) and Giardia intestinalis (45). Finally, 

C57BL/6 mice, being the most used genetic background for transgenic mice, were also 

used. However, we were not able to infect mice even with high ST4 cyst inoculum 

(105/animal), suggesting that mice would be resistant to the ST4 strain used in our 

study. A recent study has shown that the Dextran Sodium Sulfate (DSS) treatment 

result in biophysical changes in mucus layer (increased penetrability to microorganism), 

increasing susceptibility of mice to Blastocystis ST7 colonization for at least 3 days 

after intra-ceacal injection (46). These results suggest that mucus layer play in 

important role in the resistance of mice for Blastocystis persistence.  



Immunofluorescence labelling revealed the presence of the parasites (ST4 or ST3) 

all along the intestinal tract of infected animals. Blastocystis were detected in the 

intestinal lumen and in close contact with epithelial cells. Granular forms presenting 

empty vacuoles or vacuoles containing electron-dense granules as described 

previously by Tan (1), were observed in direct contact with epithelial cells.  

Moreover, FMT experiments highlighted the capacity of Blastocystis to overcome 

barrier microflora and infect a new host, even though its microbiota is not altered. We 

also demonstrated that cryopreservation procedure used for the stool storage before 

Human to Human FMT keep Blastocystis alive and able to infect a new host (19). 

These data support the recent recommendations for the screening of fecal donors by 

confirming the ability of Blastocystis to be directly transmitted through stools (19). 

In conclusion, our work provides a well-documented and reproducible animal 

model of Blastocystis 

be of great interest to decipher the host-parasite-microbiota interactions, and to better 

evaluate clinical significance of Blastocystis. 
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Abstract

BACKGROUND & AIMS: Infectious gastroenteritis is a risk factor for development of 

Irritable Bowel Syndrome (post-infectious-IBS). Recent clinical studies described a 

high prevalence of Blastocystis in IBS patients. Here we investigated using an animal 

model the link between Blastocystis, colonic hypersensitivity (CHS) and microbiome 

changes. 

METHODS: Rats were orally infected with Blastocystis subtype 4 cysts. Colonic

sensitivity was evaluated by colorectal distension one month post-infection. Animal 

behavior was assessed using a behavioral recognition system (PhenoTyper®),

Elevated Plus Maze and Forced Swimming test. Feces were collected to study 

microbiota composition by 16S Illumina® sequencing, and for metabolite analyses. At 

the end of the experiment, animal were euthanized and colon were sampled for 

mediator quantifications and tight-junction analysis. 

RESULTS: Blastocystis infected animals displayed non inflammatory CHS with a 

decrease in occludin expression. Blastocystis infection was associated with anxiety 

and depressive-like behavior. Analysis of fecal microbiota composition revealed an 

increase in bacterial richness associated with altered microbiota composition, 

characterized by an increase in Bacteroides, Oscillospira and S24-7, and a decrease 

in Clostridiaceae. These bacterial genera were correlated to a decrease in short chain 

fatty acids levels and serine protease activity in feces from infected rats. 

CONCLUSIONS: Our data suggest that Blastocystis infection in rats mimics PI-IBS 

with the establishment of a CHS linked to microbiota and metabolic shifts. 

 

 



Introduction

Chronic visceral pain which is frequently related to colonic hypersensitivity (CHS), 

is generally described as poorly localized, diffuse and stabbing sensation which may 

encountered in many gastrointestinal disorders such as Inflammatory Bowel Disease 

(IBD) and Irritable Bowel Syndrome (IBS) 1. 

IBS is nowadays a health care burden, representing one of the most common 

disorders encountered in gastr

a functional chronic disorder defined by Rome IV criteria, which is characterized by 

abdominal pain and changes in bowel habits in absence of macroscopic organic 

lesions 2. Patients are classified into subgroups: IBS-C for patients with constipation-

predominant, IBS-D when diarrhea-predominant, IBS-

constipation and diarrhea and IBS-U if no clear classification can be established 3. 

Pathophysiology of IBS is complex and poorly understood, patients displaying several 

alterations such as disturbance of gut epithelial barrier increasing intestinal 

permeability, immune activation and modifications of intestinal microbiota composition 

and function 2-4. Then, symptom origin is thought to be multifactorial and is still not well 

defined for the different subtypes.  

Infectious gastroenteritis constitute a key risk factor for development of IBS; this 

subset is referred as post-infectious IBS (PI-IBS) 5. PI-IBS often exhibits characteristics 

of the IBS-D, and can occur in 4%-31% of patients following infectious acute 

gastroenteritis 6-8. Several studies support a role for pathogen-mediated modifications 

in the resident intestinal microbiota, epithelial barrier integrity and immune activation 

in PI-IBS 9-13. The role of some pathogens is now well established, such as bacteria 

with Shigella spp., pathogenic Escherichia coli, Salmonella, Campylobacter jejuni or 



protozoa as Giardia duodenalis 12. Despite bacterial infection is frequently related to 

development of PI-IBS, the risk of IBS was reported to be highest with protozoal 

enteritis in a meta-analysis 14. 

Blastocystis spp. is the most frequent enteric protist found in the intestinal tract of 

humans and various animal 15. It has been classified into 17 subtypes (ST) based on 

small subunit ribosomal RNA-encoding gene. Subtypes ST1 to ST9 and ST12 have 

been recovered in human stool samples, ST3 being the most frequent, followed by 

ST1, ST2 and ST4 16-18. Interestingly, ST4 has been reported to be the most frequent 

ST in some studies performed in Europe, with higher parasite loads compared to other 

ST 19-22. It is also the predominant ST found in rodents 23, 24. Blastocystis spp. 

prevalence in human ranges from 0.5% to 100% between countries, according to 

hygienic conditions and sanitary practices 16, 18, 25. However, the involvement of 

Blastocystis spp. in human diseases is highly debated. Interest of the scientific and 

medical communities in Blastocystis spp. infection increased these last few years since 

epidemiological studies highlighted high prevalence of this parasite in patients with IBS 

26-30. While Blastocystis infected subjects display microbiota changes, heterogenic 

results are reported 29, 31-36. Some studies reported an increase in microbiota diversity 

suggesting a potential benefit for Blastocystis-associated microbiota 22, 34, 37. However 

in the same time, decrease in protective bacteria was reported and a recent study 

describe a decrease in Short Chain Fatty Acids (SCFA) levels in fecal samples from 

Blastocystis infected patients 35. SCFAs, including acetate, propionate and butyrate, 

enhance epithelial barrier function and immune tolerance, promoting gut homeostasis 

through specific mechanisms 38. 

 



In the present study, we aimed to characterize whether Blastocystis infection may 

lead to IBS-like symptoms. We first characterized non-inflammatory CHS associated 

to anxiety-and depressive-like behaviors in infected rats. We demonstrated that 

Blastocystis infection was associated to both microbiota and metabolic shifts that may 

lead to epithelial barrier impairment. 



Materials and Methods

Animals and experimental infection. 

Three-week-old specific pathogen free (SPF) Wistar male rats were purchased 

from Charles River Lab (Saint Germain Nuelles, France) and housed in animal 

biosafety level 2 (21 22°C, 12:12-h light-dark cycle) with access to food and water ad 

libitum. Animal protocols were approved by a local ethics committee (protocol number: 

3003-EU0116-) and followed the guidelines of the Committee for Research and Ethical 

issues of the International Association for the Study of Pain 39. Three days prior the 

beginning of the experiment, rats were pre-screened in order to ensure that they were 

healthy and free of Blastocystis or any other intestinal parasite. After a habituation 

week, rats were infected with Blastocystis ST4 cysts, purified from human stools as 

previously reported (Defaye et al., 2018). Briefly, an asymptomatic human carriers of 

Blastocystis ST4 was enrolled for all the study by the medical laboratory of Parasitology 

of the Clermont-Ferrand teaching hospital (approved by the research ethics 

committees of the Clermont-

Sud-  Fresh stools were suspended in 

distilled water and filtered. After being washed twice in distilled water, cysts were 

purified using a 3 steps density gradient purification protocol (Defaye et al., 2018). After 

final wash, purified cysts were suspended in 0.5 ml of an antibiotic cocktail containing 

0.01 g/L Vancomycin (Sandoz, Levallois-Perret, France), 0.1 g/L Amoxicillin-clavulanic 

acid (Sandoz, Levallois-Perret, France) and 0.1 g/L Cefotaxim (SteriMax, Oakville, ON, 

Canada) diluted in sterile PBS (Gibco, Life Technologies, Carlsbad, CA, USA) and 

incubated for 6 h at 4°C. Cysts were washed twice in sterile PBS by centrifugation at 

300 g for 5 min and finally suspended in sterile PBS. Cysts were counted in Malassez 



chamber and suspension was diluted in sterile PBS to reach a concentration of 105

cysts per milliliter. Ten microliters of the suspension were plated on LB media and 

incubated at 37°C for 24 h. Only cysts purification containing below 250 CFU per 

milliliter were used for experiments. Then, four-week-old Wistar male rats were orally 

inoculated (Figure 1) with 105 cysts (n=12) or sterile PBS as control (n=12). The 

success of infections was confirmed by Blastocystis fecal cultures 

37°C, as previously described 40. After 48h of incubation, cultures were observed by 

light microscopy (X400). Identification of vacuolar forms indicated that rats were 

infected. Microscopy was confirmed with a Blastocystis spp. specific real-time PCR as 

previously described 19. Body weight of animals was monitored and feces were 

sampled every week until euthanize and stored at -80°C. Rats were euthanized at the 

end of the experiment (D30-31), and colon were collected and split to be stored at both 

-80°C for molecular assays and in paraformaldehyde for histological analyses (Figure 

17). 

 

Colorectal distension test (CRD). 

This test aims to evaluate the visceral sensitivity by measuring the colonic 

response when submitted to distension. The CRD protocol was adapted for rats from 

Larauche et al., 41. At D30-31 post-inoculation (PI), rats were placed 30 minutes in a 

restrainer before to be anesthetized (3% Isoflurane). CRD devices were introduced 

into colo-rectum and connected to an amplifier (Millar Instruments, Houston, TX, USA). 

The CRD protocol consisted of a set of distensions at constant pressures from 20 to

80 mmHg, performed in duplicates as follow: 20 mmHg steps, 20s duration with 4.5 

min inter-stimuli intervals. Data analysis was performed with Labchart® as follows. P-

spectrum was extracted from raw data 



of 1.5s, followed by 

constant of 1.5s to exclude the slower and tonic changes. Colonic response to CRD 

(mmHg.s) was quantified by measuring the under the curve area during 20sec of 

distension ®.  

 

Behavior recognition system PhenoTyper®. 

The PhenoTyper® (Noldus Information Technology, Wageningen, The 

Netherlands) is an automated infrared (IR) video-tracking system measuring behavior 

of animal models. This device is composed of 8 plexiglass cages (45 cm × 45 cm), 

each containing an opaque plastic square shelter accessible by two entrances and 

delimited areas for feeding and drinking. Cages are surrounded by top unit provided 

with IR lighting and the IR camera for video recording during the light and dark cycles. 

Briefly, at D26-27 PI, rats were transferred into PhenoTyper® cages (1 per cage) and 

animal activities were recorded with Mediarecorder® (Noldus Information Technology, 

Wageningen, Netherlands) for 24h, including 12h dark period and 12h light period. 

During this period, rats had ad libitum access to food, water and shelter. Raw data 

were analyzed with Ethovision XT® software (Version 12, Noldus Information 

Technology, Wageningen, Netherlands) and various specific behaviors were 

compared between infected and control rats. 

 

Elevated-Plus-Maze test (EPM). 

This device consisted of a central platform (10x10cm) and four arms (50x10cm).

Two opposite arms were surrounded by walls (closed arms), while the others two were 

devoid of enclosing walls (open arms). At D28-29 PI, after an acclimatization of 45 min, 



each rat was placed in the center platform facing a closed arm. Animals were recorded 

for 5min by Mediarecorder® software. Analysis was performed by Ethovision XT®

software (version 12). 

 

Forced Swimming Test (FST). 

At D28-29 PI, after an acclimatization of 45 min, each rat was placed in a glass 

cylinder (30cm diameter and 50cm high) containing water at 22 ± 1°C. The immobility 

time of rats was recorded during 6 minutes. Each rat was judged to be immobile when 

it stopped swimming and floated, making only those movements necessary to keep its 

head above water. 

 

Tissue preparation for histological analysis. 

Flushed colons were opened longitudinally, cut into 4cm and rolled. The samples 

and embedded in OCT® medium (ThermoFisher Scientific, Waltham, MA, USA). Ten 

micrometer cross-section were mounted on SuperFrost Plus® slides (ThermoFisher 

Scientific, Waltham, MA, USA) and stained with hematoxylin phloxin safran. 

 

Enzyme-linked immunosorbent assay (ELISA). 

Total proteins of colon were extracted using lysis buffer (0.5mM PMSF, 100UI/mL 

iniprol/aprotinine, 20µM leupeptine, 1% triton), and proteins concentrations were 

determined with a BC Assay Protein® quantification kit (Interchim, Montluçon, France).

Colonic Interleukine-6 (IL-6) and Lipocalin-2 were quantified using enzyme linked 



immunosorbent assay kit (Duoset®, R&D Systems, Minneapolis, MN) according to 

normalized to the protein concentration. 

 

Reverse transcription and quantitative PCR (RT-qPCR). 

Total RNA of colon was extracted with Trizol (ThermoFisher Scientific, Waltham, 

MS, USA). DNAse treated RNA were reverse transcribed using High capacity cDNA 

RT® kit (ThermoFisher Scientific, Waltham, MA, USA) for reverse transcription-

quantitative PCR (RT- -

AGTACATGGCTGCTGCTGATG- R -CCCACCATCCTCTTGATGTGT- , 

zonula occludens 1 (ZO-1) ( -AGCGAAGCCACCTGAAGATA- ; Reverse 

-GATGGCCAGCAGGAATATGT- ), GATA-

AAGAGTGCCTCAAGTATCAG- - GCGGATAGGTGGTAATGG-

GAPDH (Forwa -AGACAGCCGCATCTTCTTGT- ; -

TGATGGCAACAATGTCCACT- ). qPCR were performed using SsoAdvanced 

Universal SYBR Green supermix® (Biorad, Hercules, CA, USA) and carried out on 

CFX96 Touch® Real-Time PCR Detection System (Biorad, Hercules, CA, USA).

Relative quantifications of both occludin, ZO-1 and GATA-3 genes were expressed as 

fold-induction, using the 2- Ct method with GAPDH as reference gene. 

 

 

 



Fecal microbiota analyses.

DNA was extracted from rat feces collected at D0 and D30-31 PI using the

NucleoSpin® Soil kit protocol (Macherey-Nagel SARL, Hoerdt, France), including a 

bead beating step. Illumina® high throughput sequencing were performed by MRDNA

lab (Shallowater, TX, USA) on a MiSeq® . 

Briefly, the V4 region of the bacterial 16S rRNA gene was amplified using 515F/806R

primer pair and HotStarTaq Plus Master Mix® Kit (Qiagen, Germantown, MD, USA) 

under the following conditions: denaturation 94°C/3min, followed by 28 cycles of 

94°C/30sec, 53°C/40sec, and 72°C/1min, with a final elongation step 72°C/5min. After 

quality checks, pooled PCR products were purified using calibrated Ampure XP®

beads. Illumina® sequencing was performed and DNA libraries build by following 

Illumina TruSeq DNA library® preparation protocol.  

We performed microbiota analyses on Quantitative Insights Into Microbial Ecology 

(QIIME, version 1.8.0) software package 42. In summary, sequences were 

demultiplexed to remove barcodes and primers. Chimeric sequences were removed 

using USEARCH61 43. Sequences were clustered using USEARCH61 with a 97% 

homology threshold 44. Taxonomic analyses were performed using the Greegenes 

reference database (version 13-8).  

Alpha diversity measures the richness of unique microbial taxa within a sample. 

Observed Operational taxonomic units (OTUs) measurements were determined with 

QIIME using an OTU table rarefied at various depths. Areas under the curves were 

calculated for each rarefaction curve. Beta diversity measures the variation in 

microbiota composition between individual samples. Unweighted UniFrac distances 

between samples were computed to measure beta diversity using rarefied OTUs table 



count. Principal coordinates analyses (PCoA) were used to further assess and 

visualize beta diversity. Groups were compared for distinct clustering using Adonis.

 

Short chain fatty acids (SCFA) analyses. 

We quantified acetate, propionate and butyrate from rat feces collected at D0 and 

D30-31 PI. Briefly, almost 200mg of fecal samples were diluted in 200µl of distilled 

water, vortexed and stored during 2 hours at 4°C. After centrifugation, supernatants 

were precipitated overnight with phosphotungstic acid (Sigma-Aldrich, Saint-Louis, MO, 

USA) and centrifuged to obtain a clear supernatant.  

One microliter of the clear supernatant was used to analyze SCFA composition 

using a gas liquid chromatography (Agilent technologies 6850 Network GC system, 

Agilent technologies, Santa Clara, SA, USA) equipped with a split-splitless injector, a 

flame-ionization detector and a capillary column (30m; 0,25 mm; 0,25 µm) impregnated 

with nitroterephthalic acid modified polyethylene glycol (Agilent J&W DB-FFAP column, 

122-3232E, Agilent technologies, Santa Clara, SA, USA). Carrier gas (Helium) flow 

rate was 0,7ml/min and inlet, column and detector temperatures were 175, 100 and 

240°C, respectively. Volatile free Acid mix CRM46975 was used as the internal 

standard (Supelco. Saint-Quentin-Fallavier, France).  

Data were collected and peaks integrated using the OpenLAB® software (Agilent 

technologies, Santa Clara, SA, USA). Values are expressed in M/g of feces and ratio 

was calculated between D30-31 and D0. 

 

 



Serine protease activity assay.

Almost 200mg of feces were diluted in 1ml of distilled water, homogenized and 

centrifuged at 13000 rpm for 5 minutes. One hundred microliters of fecal supernatants 

were added to 100µl of buffer (50mM Tris-HCL pH 8, 1mM CaCl2) containing 100µM 

specific serine protease substrate (suc-phe-ala-ala-phe-pNA) (Bachem, Switzerland) 

and incubated at 37°C for 6 hours. Substrate cleavage was measuring at 400 nm using 

96 well plate NUNC® (ThermoFisher Scientific, Waltham, MS, USA) and normalized 

to the feces weight. 

 

Statistical analysis.  

Statistical analyzes were performed with Prism 7® software (GraphPad, La Jolla, 

CA, USA). Data are expressed as means ± Standard Error Mean (SEM). Colonic 

sensitivity to gradual CRD, body weight, distance moved, duration in hidden zone and 

microbiota analysis (taxonomy) were analyzed using a two-way ANOVA followed by 

Sidak post hoc test for multiple comparisons. Rate comparisons were performed using 

that were non-Gaussian data were compared using the non-parametric test Mann 

Whitney U test for unpaired data. A p-

significant.



Results 

Blastocystis infection induces non-inflammatory colonic 

hypersensitivity with a decrease in occludin expression. 

Multiple factors participate to the CHS observed in IBS patients 45-47. To assess 

the influence of Blastocystis on colonic sensitivity, we infected four-week-old Wistar 

rats with 105 ST4 cysts purified from a healthy human carrier. Infection monitoring 

revealed the presence of parasites until sacrifice 4 weeks PI (data not shown). At

D30-31 PI, colorectal distension (CRD) test showed that intracolonic sensitivity was 

significantly increased in Blastocystis infected rats (Figure 18A). Areas under the 

curve (AUC) were 35.95 ± 3.37 in control rats and 67.42 ± 6.79 in infected rats (p < 

0.01, T-test) (Figure 18B). It has been proposed that incomplete resolution of the 

immune response following infectious gastroenteritis leads to a persistent low grade 

inflammation, contributing to colonic hypersensitivity in PI-IBS 12. Surprisingly, infection

had no effect on the body weight (Supplementary Figure 1A), colon weight

(Supplementary Figure 1B) or length (Supplementary Figure 1C), and was not 

associated to histological changes (Supplementary Figure 1D). Serum levels of IL-6 

and lipocalin-2 proteins were not modified in infected rats (data not shown), and while 

colonic levels of both proteins tended to be higher in infected animals, the difference 

was not significant (Figure 18C and 18D). Moreover GATA-3 mRNA expression was 

not significantly higher in infected rats, confirming the absence of marked intestinal 

inflammation in infected rats (Figure 18E).  



PI-IBS symptoms are closely related to those observed with IBS-D, suggesting an 

alteration of intestinal barrier 5. In our study, we performed mRNA quantifications of 

tight junction components. While mRNA levels of ZO-1 were not modified significantly 

in infected animals, we observed a strong decrease in occludin expression (p<0.001) 

(Figure 18F and 18G). These results suggest that Blastocystis infection may lead to 

an impairment of the intestinal barrier in rat. 

 

Blastocystis infection induces behavioral changes. 

It is well established that individuals with IBS have higher levels of anxiety and 

depression compared to healthy controls 48, 49. To analyze the impact of Blastocystis

infection on behavior, experiments using PhenoTyper® were performed at D26-27 PI. 

Infected rats did not present any significant differences in travelled distances (Figure 

19A), spent time in hidden zone (Figure 19B), velocity (Figure 19C), drinking and 

eating behaviors (Supplementary Figure 2A and 2B). However, grooming, rearing 

and sniffing duration (Figure 19D, 19E, 19F) and frequency (data not shown) were 

significantly decreased during dark period. The decrease in these three behaviors was 

suggestive of anxiety- and depression-like troubles. These hypotheses were confirmed 

with both EPM and FST assays at D28-29 PI. In EPM test, infected rats entered the 

open arms less frequently and spent significantly less time in them (Figure 19G and 

19H), indicative of an anxiety-like behavior. Interestingly, the AUC from CRD 

significantly correlated with the entry frequency in EPM open arms (Figure 19I).

Moreover, immobility time during FST was increased in infected rats (Figure 19J), 

indicative of a depressive-like behavior.

 



Blastocystis infection is associated to fecal microbiota modifications 

in rats.  

Pathophysiology of IBS is complex, in absence of low grade inflammation, visceral 

pain may be explained by switches fecal microbiota composition resulting in 

metabolome changes 50. Differences in human microbiota from Blastocystis carriers 

have been reported in recent studies, but no causality link between its presence and 

microbiota composition has been established so far 22. To evaluate the influence of 

Blastocystis infection on intestinal microbiota, fecal microbiota composition of both 

infected and control rats was characterized by Illumina® sequencing. At D0 (before 

infection), none difference in fecal microbiota composition was observed between both 

groups (Supplementary Figure 3). At D30-31 PI, bacterial richness was significantly 

increased in infected rats (p < 0.01, Mann-Whitney test) (Figure 20A and 20B). 

Moreover, Principal component analysis (PCoA) of beta-diversity clearly demonstrated 

significant difference (Adonis, p=0.001) in the evolution of microbiota composition 

between infected and control rats (Figure 20C). This was supported by a significant 

increase in Bacteroidetes and a decrease in Firmicutes in infected animals (Figure 

20D). At the genus level, we observed a significant decrease in the relative abundance 

of Unclassified Clostridiaceae, Peptostreptococcaceae and Turicibacter in infected rats, 

whereas Unclassified S24-7, Oscillospira and Bacteroides were significantly increased 

(Figure 20E). Interestingly, the AUC from CRD significantly correlated with the 

increased in relative abundance of Bacteroides (Figure 20F) and the decrease in

Unclassified Clostridiaceae (Figure 20G).  

 



Moreover, switches in microbiota composition of infected rats were associated to 

metabolome changes. Firstly, we quantified the ratio of SCFA involved in gut 

homeostasis between the end and the beginning of the experiment (D30/D0) 38. We 

observed a significant decrease in acetate and propionate D30/D0 ratio in feces from 

infected rats (Figure 21A and 21B), with a trend to a butyrate decrease (Figure 21C).

Interestingly, the decrease in propionate ratio, significantly correlated with the increase

in relative abundance of Oscillospira (Figure 21D) and the decrease in Turicibacter

(Figure 21E). Moreover, the increase in relative abundance of Oscillospira correlated 

with the decrease acetate ratio (Figure 21F). Finally, the trend to butyrate ratio 

decrease correlated with the decrease in relative abundance of Unclassified 

Clostridiaceae (Figure 21G).

Serine protease activity in colon contents of IBS patient is strongly suspected to 

participate to CHS by activating Protease Activated Receptor-2 (PAR-2) 51-53. Thus, 

serine protease activity was evaluated in fecal samples at D30-31 PI. Interestingly, a

significant increase in serine protease activity was observed in supernatant from feces 

of infected rats (Figure 22A). This increase in serine protease activity was significantly 

correlated with the increase in the relative abundance of both Bacteroides and 

Unclassified S24-7 (Figure 22B and 22C).

 



Discussion

The role of Blastocystis spp. as human pathogens remains unclear as it can be 

found in both symptomatic and asymptomatic patients even though some studies 

associated Blastocystis spp. with acute or chronic digestive disorders 54 60. In 

symptomatic patients, blastocystosis is associated with non-specific symptoms such 

as chronic diarrhea, abdominal pain and bloating, sometime mimicking Irritable Bowel 

Syndrome (IBS) symptoms 15, 61. Indeed, individuals suffering from blastocystosis 

display visceral pain like IBS patients 62, 63. Interestingly, an increasing number of 

studies have suggested an association between Blastocystis and IBS 26, 28 30. In all 

these studies, Blastocystis was significantly more present in IBS patients than in 

control groups. In a recent review we focused on experimental and genomic data 

supporting this association and suggested interactions between the intestinal 

microbiota and Blastocystis spp., which could be involved in the dysbiosis associated 

to the IBS 64, 65. Our results suggest Blastocystis infection may lead to IBS-like 

symptoms. We characterized non-inflammatory Colonic Hyper Sensitivity (CHS) 

associated to anxiety-and depressive-like behaviors in infected rats. Then, we 

demonstrated that Blastocystis infection was associated to both microbiota and 

metabolic shifts that may lead to CHS.  

 

The origins of the Colonic Hypersensitivity (CHS) associated to IBS remain elusive. 

However, CHS occurs in up to 80-90% of IBS patients 66, 67. The prevalence of IBS 

may rise 4-31% in patients following acute gastroenteritis (Post Infectious IBS, PI-IBS) 

with bacteria such as Escherichia coli, Salmonella spp., virus or parasites 5. Then, the 

epidemiological link between Blastocystis spp. and IBS needs to be clarified. Using a 



recent model of chronic infection with Blastocystis ST4 in rats, our study establishes 

for the first time the relationship between Blastocystis spp. infection and CHS. 

In our models, Blastocystis chronic infection was associated to CHS. During acute 

gastroenteritis, immune system is highly activated leading to inflammatory statement. 

After gastroenteritis resolves, inflammation should subside but some study described 

infiltration of immune cells and high cytokines levels in PI-IBS patients suggesting that 

establishment of low grade inflammation following gastroenteritis may a causal factor 

of CHS 12. Some in vitro studies have shown immunomodulatory effect of Blastocystis

spp. on mammalian cell cultures. Production of pro-inflammatory cytokines as IL-8, 

granulocyte-macrophage colony stimulating factor (GM-CSF), IL-1 , IL-6, Tumor 

Necrosis Factor- - Blastocystis exposure have been described 

in epithelial cell line and murine macrophages 15, 68, 69. Iguchi et al., described also 

production of pro-inflammatory cytokines in rat model without immune cells infiltration 

70. 

Even though both colonic IL-6 and lipocalin-2 proteins, but also GATA-3 mRNA, 

tended to be higher in our infected animals, we did not observed significant 

inflammation or tissue perturbations in our study. This could be due to the use of 

Blastocystis ST4 that is considered to be of murine origin, and probably the more 

adapted to rats. Moreover, the isolate used in our study was purified from stools of an 

asymptomatic carrier. Interestingly, Hussein et al., reported that severity degrees of 

pathological changes in rats models were correlated to the intensity of symptoms of 

patients from which those isolates were collected and to STs of Blastocystis, 

suggesting the existence of some more virulent strains 71. 

Altered intestinal permeability is a key feature of IBS pathophysiology and has 

been observed in all IBS subtypes 72. Increased intestinal permeability is related to 



abnormal expression of tight junction (TJ) proteins, including a decrease in expression 

of occludin and ZO-1 2, 73. Biopsy analyses from blastocystosis suffering patients 

revealed disturbances of barrier function and permeability 15, 74. These modifications 

result probably from multiple factors, but congruent results were reported from some 

in vitro experiments showing capacities of Blastocystis factors to interfere with ZO-1 

and occludin, leading to TJ dysfunctions 75 78. In our model, infected animals display a 

significant decrease in occludin mRNA expression in colon, suggesting that 

Blastocystis infection may be associated to altered intestinal barrier. 

Psychological disturbances, especially anxiety and depression, are the most 

frequent comorbidities associated to visceral pain 48, 49. In our study, global behavior 

was analyzed with a novel device, the PhenoTyper®, which allows a continuous and 

long-term monitoring of animal behaviors. Some behaviors were reported to be 

associated to specific psychological or physiological changes in rats. Then, a decrease 

in grooming is positively associated to depressive-like behavior, whereas a decrease 

in sniffing, related to curiosity or exploration, is positively associated to anxiety-like 

behavior 79 82. Moreover, rearing, which is also considered as behavior related to 

exploration, may be an effective indicator of pain 83. These three behaviors were 

significantly modified in our study, and confirmed by both EPM and FST reference tests. 

Our results suggest that Blastocystis infected rats presented both anxiety and 

depressive-like behaviors, probably linked to visceral pain. Indeed, we highlighted a 

significant correlation between increase of spent time in open arms (EPM) and CHS 

severity, reinforcing the role of visceral pain in behavior changes of our models. This 

complex link between visceral sensitivity and psychological perceptions are mediated 



via the brain gut axis. Central nervous system may be modulated by immune system 

or microbiota metabolites.  

Then, we characterized the microbiota modifications associated to Blastocystis

ST4 infection in our model. The gut microbiota is regarded as a key player in the 

pathophysiology of IBS 4. Some recent studies described either a healthy microbiota 

associated to Blastocystis or dysbiosis 29, 33 35, 37, 84. Then, this association between 

Blastocystis and microbiota composition still to be clarified, as well as the causality link 

Blastocystis. Our results show that 

Blastocystis infection in rats is associated to bacterial community switches, confirming 

for the first time a direct impact of this parasite on microbiota. These changes were 

characterized by both significant increase in bacterial richness and decrease in 

Firmicutes/Bacteroidetes ratio. Increased bacterial richness in human intestinal 

microbiota associated to Blastocystis infection has been reported in different clinical 

studies, and is usually associated to a healthy microbiota 35. The 

Firmicutes/Bacteroidetes ratio is a rough indicator of bacterial population shifts, and 

both a higher and lower ratio of Firmicutes/Bacteroidetes have been described in IBS 

50. Deeper analyses revealed six bacterial genera significantly modified in infected 

animals. Among them, we observed an increase in relative abundance of Bacteroides

and a decrease in Clostridiaceae, both being correlated with CHS. Our results are 

therefore in agreement with previous reports describing an increase in Bacteroides

genus in IBS patients, and the association of that genera with visceral pain 85 87. 

Moreover, we observed a decrease in relative abundance of Peptostreptococcaceae

which may associated with depressive-like behavior as described by Yu et al., 88.  

 



Clostridiaceae and Turicibacter also belong to SCFA-producing bacteria 89 91. 

SCFAs, including acetate, propionate and butyrate, play an important role in the 

maintenance of a healthy epithelial barrier, and their decrease has been reported in 

various diseases such as IBS 38, 87. In our study, feces composition of infected rats 

presented with a decrease in the overall content of SFCAs. Three bacteria genera were 

linked to that decrease with Clostridiaceae and Turicibacter as discuss above, and 

Oscillospira. Interestingly, a recent study shown a reduction of acetate, propionate and 

butyrate in Blastocystis colonized individuals, associated to an over representation of 

Oscillospira 35. Origins of CHS in IBS patients have various origins. Altered epithelial 

barrier is probably one of the most important mechanisms as increase intestinal 

permeability is suspected to enable diffusion of luminal antigens and/or proteases to 

submucosa compartment. Then, diffusion of serine-proteases to submucosa may be 

responsible for an activation of neuronal protease activated receptor (PAR) and 

nociceptive signal 51. In our model, we suspected an alteration in intestinal integrity as 

mRNA occludin expression was strongly decreased. This could be the result of SCFAs 

decrease. Moreover, serine protease activity was increased in feces from infected rats. 

Even though Blastocystis may produce serine proteases, we thought that fecal serine 

protease activity mainly originated from microbiota 92. Then, further experiments are 

required to evaluate how that intra-luminal increase in serine protease activity 

contributes to CHS in our model. 

 

To conclude, we were able for the first time to demonstrate that Blastocystis

establishment within gut microbiota is responsible for bacterial community 

perturbations associated to metabolic shifts, leading to CHS. Interestingly, some 

modifications in infected rats were also previously reported in human 34, 35, 84. Even 



though mechanisms of Blastocystis-induced CHS still to be understood, these 

perturbations were sufficient to impact on animal behavior. Regarding our results, 

blastocystosis symptoms in rats mimic human IBS, raising the question of Blastocystis

eradication in IBS carriers of this protozoan. Moreover, Blastocystis rat model seems 

to constitute a good model to decipher non-inflammatory CHS. 
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