

[image: image1]
A Study on the Prevalence and Subtype Diversity of the Intestinal Protist Blastocystis sp. in a Gut-Healthy Human Population in the Czech Republic












	
	ORIGINAL RESEARCH
published: 06 October 2020
doi: 10.3389/fcimb.2020.544335






[image: image2]

A Study on the Prevalence and Subtype Diversity of the Intestinal Protist Blastocystis sp. in a Gut-Healthy Human Population in the Czech Republic

Zuzana Lhotská1,2*, Milan Jirků1, Oldřiška Hložková1, Kristýna Brožová1,2, Dagmar Jirsová1, Christen Rune Stensvold3, Martin Kolísko1,2 and Kateřina Jirků Pomajbíková1,2


1Biology Center, Institute of Parasitology, The Czech Academy of Sciences, České Budějovice, Czechia

2Faculty of Science, University of South Bohemia, České Budějovice, Czechia

3Department of Bacteria, Parasites and Fungi, Statens Serum Institut, Copenhagen, Denmark

Edited by:
Gianluca Ianiro, Catholic University of the Sacred Heart, Italy

Reviewed by:
Hamed Mirjalali, Shahid Beheshti University of Medical Sciences, Iran
 Stefano Bibbò, Fondazione Policlinico Universitario Agostino Gemelli IRCCS, Italy

*Correspondence: Zuzana Lhotská, zuzana.lhotska@paru.cas.cz

Specialty section: This article was submitted to Microbiome in Health and Disease, a section of the journal Frontiers in Cellular and Infection Microbiology

Received: 20 March 2020
 Accepted: 10 September 2020
 Published: 06 October 2020

Citation: Lhotská Z, Jirků M, Hložková O, Brožová K, Jirsová D, Stensvold CR, Kolísko M and Jirků Pomajbíková K (2020) A Study on the Prevalence and Subtype Diversity of the Intestinal Protist Blastocystis sp. in a Gut-Healthy Human Population in the Czech Republic. Front. Cell. Infect. Microbiol. 10:544335. doi: 10.3389/fcimb.2020.544335



Blastocystis sp. is a common intestinal protist colonizing the human intestine the prevalence of which varies across non-industrialized and industrialized countries. Its role in the human gut ecosystem remains unclear due to persisting gaps in knowledge of epidemiology and factors affecting gut colonization. Here, we aimed to expand the knowledge of the epidemiology of Blastocystis sp. in the gut-healthy humans in one of the industrialized European countries, including the distribution of its subtypes, the correlation between its occurrence and several factors such as lifestyle, contact with animals, age, and sex. A total of 288 stool samples were obtained from asymptomatic individuals over the entire age-range and 136 samples from animals with which the volunteers were in frequent contact. All samples were examined in parallel by PCR and xenic in vitro culture. Blastocystis sp. was detected in samples from both human and non-human hosts. In humans, the overall prevalence was 24% and eight subtypes were found; in animals, the prevalence was 10%, and only five subtypes were detected. A higher incidence of Blastocystis sp. was observed in individuals (i) traveling outside Europe, (ii) in frequent contact with livestock, and (iii) over 50 years of age. We found no effect on gender on Blastocystis sp. colonization.


SUMMARY

This study provides data on the prevalence and diversity of the gut protist Blastocystis sp. and its subtypes in a gut-healthy human population with emphasis on several factors such as contact with animals, lifestyle, age, and gender.
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INTRODUCTION

Blastocystis sp. is an anaerobic unicellular eukaryotic organism found in the intestine of a wide range of vertebrates (Alfellani et al., 2013a; Cian et al., 2017; Valença-Barbosa et al., 2019) and some invertebrates (Zaman et al., 1993; Yoshikawa et al., 2016). It belongs to the heterogenous group of organisms called Stramenopiles (Silberman et al., 1996). The life cycle of Blastocystis sp. includes four major morphological forms: vacuolar, granular, amoeboid, and cyst (Stensvold et al., 2020a); it is likely that only cyst stages are involved in Blastocystis sp. transmission (Stensvold and Clark, 2016a).

Blastocystis sp. appears to be a very common colonizer of the human gut all around the globe (Stensvold and van der Giezen, 2018). Although the existence of Blastocystis sp. was discovered more than a century ago (Alexeieff, 1911), its role in human health and disease, including its part in the gut microbiome is not yet fully understood. Blastocystis sp. has been considered as a potential pathogen associated with irritable bowel syndrome [IBS] (Poirier et al., 2012; Nourrisson et al., 2014) and inflammatory bowel diseases [IBD] (Petersen et al., 2013). However, it appears to be more common in the gut of healthy individuals compared to those with gut disease, and it is now by many considered a commensal (Petersen et al., 2013; Scanlan and Stensvold, 2013; Parfrey et al., 2014; Krogsgaard et al., 2015; Rossen et al., 2015; Stensvold and van der Giezen, 2018; Mardani Kataki et al., 2019; Tito et al., 2019). Moreover, Blastocystis sp. might be a potentially important factor in modulating the gut microbiota given its positive correlations with higher bacterial richness and diversity (Andersen et al., 2015, 2016; Audebert et al., 2016; Krogsgaard et al., 2018; Nieves-Ramirez et al., 2018).

Although Blastocystis sp. has been suggested to form part of a “healthy gut microbiome,” the epidemiological aspects underlying its occurrence in healthy and diseased individuals are still unclear. Some studies even speculate that the presence of Blastocystis sp. might be an indicator of intestinal or even general health (Andersen et al., 2016; Chabé et al., 2017).

The prevalence of Blastocystis sp. varies considerably between non-industrialized and industrialized countries (Jeremiah and Parija, 2013; Wawrzyniak et al., 2013; Parfrey et al., 2014; Stensvold and Clark, 2016b). In developing countries, Blastocystis sp. is, with prevalence up to 100%, a practically obligate finding in some populations (El Safadi et al., 2014; Poulsen et al., 2016; Mohammad et al., 2017; Oliveira-Arbex et al., 2018), whereas the prevalence reported in industrialized countries most commonly ranges between 7 and 50% (Bart et al., 2013; Scanlan et al., 2014, 2016; El Safadi et al., 2016; Seyer et al., 2017). While the frequent occurrence of Blastocystis sp. in human populations in developing countries is probably caused by lower hygienic standard and poorer healthcare (Wawrzyniak et al., 2013; El Safadi et al., 2014; Leelayoova et al., 2018), human colonization by Blastocystis sp. in industrialized countries (e.g., Europe, US) may be influenced by several factors such as traveling - mainly to tropical and subtropical countries (Bart et al., 2013; El Safadi et al., 2016), contact with animals (Parkar et al., 2010; Cian et al., 2017; Greige et al., 2018, 2019), diet (Parfrey et al., 2014), or drinking chemically untreated water (Krogsgaard et al., 2015; Angelici et al., 2018; Leelayoova et al., 2018).

Due to the extensive genetic diversity in Blastocystis sp., it has proved a challenging task to unravel its taxonomy and develop a useful terminology. To date, 22 different subtypes (ST1–ST17; ST21, ST23–ST26) have been acknowledged in birds and mammals (including humans) based on variation across Blastocystis sp. small ribosomal subunit of rRNA genes (SSU rDNA) (Stensvold and Clark, 2020); however, it is very likely that other subtypes will be revealed in future (Jiménez et al., 2019; Maloney et al., 2019; Stensvold and Clark, 2020). The current understanding is that for SSU rDNA sequences to belong to separate subtypes they should generally differ by 4% or more.

Ten subtypes have been isolated from human stool (subtypes 1–9 and ST12), however ST1-ST4 have account for more than 90% of all human carriage (Alfellani et al., 2013b; Scanlan and Stensvold, 2013; Stensvold and Clark, 2016b; Stensvold et al., 2020a). Other subtypes (ST5–ST9) are rare in humans and possibly reflect cases of zoonotic transmission (Alfellani et al., 2013a; Clark et al., 2013; Stensvold and Clark, 2016b). While Europeans are typically colonized by the first four subtypes (ST1–ST4) in more or less equal proportions, ST4 is apparently rare in America, North Africa and the Middle East (Alfellani et al., 2013b; Ramírez et al., 2014, 2016; Jiménez et al., 2019).

The conflicting view on Blastocystis sp. in health and disease is primarily based on the persisting gaps in the knowledge about its epidemiology, factors affecting host colonization and interaction with the host, both direct and via the gut ecosystem (reviewed in Lukeš et al., 2015; Chabé et al., 2017). Until very recently, there was almost no information on the prevalence and subtype distribution of Blastocystis sp. in the healthy human populations across Western countries. Therefore, Blastocystis sp. was detected mainly in patients experiencing gut symptoms and seeking medical consultation. Following these observations, a dogma developed that the occurrence of Blastocystis sp. might have a link to clinical manifestations of gut inflammation-associated diseases (e.g., Poirier et al., 2012). At present, it appears to be critical to accumulate data on the occurrence of Blastocystis sp. (including the distribution of its subtypes) in industrialized countries to fill the fundamental gap in the knowledge in its circulation in general human population in correlations with various epidemiological aspects such as life-style, contact with animals or diet. So far, only a few epidemiological studies focused on Blastocystis sp. in healthy human populations have been conducted in European countries (Bart et al., 2013; El Safadi et al., 2016; Seyer et al., 2017; Krogsgaard et al., 2018), but not in the Czech Republic and entire Eastern Europe. The main aim of this study was to determine the prevalence and subtype diversity of the gut protist Blastocystis sp. in an asymptomatic volunteer group across the Czech Republic, who do not suffer from any gastrointestinal symptoms or chronic inflammatory bowel diseases. In addition, we investigated correlations between occurrence of Blastocystis sp. and several specific factors. In particular, we were interested in contact with animals, whether it can affect the occurrence of Blastocystis sp. in humans and whether can be confirmed. Other factors monitored included lifestyle (urban life versus village one, traveling), gender, and age.



MATERIALS AND METHODS


Sample Collection and Study Area

The present study was conducted in the Czech Republic between 2017 and 2019. Stool samples were obtained from healthy participants who volunteered to participate in this study. None of the volunteers experienced gastrointestinal symptoms at the time of sampling (e.g., abdominal pain, diarrhea, flatulence). In addition to human samples, fecal samples from animals, with which these people were in a close contact (sharing household with pets, in daily contact with farm animals), were also collected to investigate the existence of a potential zoonotic reservoir. Various strategies were used to reach participants, such as information posters, newspapers, magazines, and TV shows. Those who were unable to deliver the sample in person sent it by post as instructed. All participants completed a short questionnaire, which included information on lifestyle (village/city life, traveling), contact with animals, gender and age. Each participant also confirmed the absence of gut inflammation-associated diseases (Crohn's disease, ulcerative colitis) in the questionnaire. “Village” was defined by population, this category included small municipalities of up to 2000 inhabitants. “Traveling” was divided into three subcategories: (i) people who never traveled in the past (i.e., never during life before sampling in this study), (ii) people who had traveled within Europe only, and (iii) those who had traveled outside Europe. The category “contact with animals” was divided into two different subgroups: (i) pet animals (dog, cat, etc.) and (ii) farm animals (pig, cow, horse, etc.). “Age categories” were created based on different life periods and divided into eight categories [i.e., (i) 0–3: infancy + toddler age, (ii) 4–6: preschool age, (iii) 7–12: younger school age, (iv) 13–17: adolescence, (v) 18–30: young adult age, (vi) 31–49: active age, (vii) 50–60: middle age, (viii) >60: retirement]. Additionally, the circumstance of two or more individuals living together was defined as a ‘family’. The questionnaire also included the information about the type of diet (i.e., vegetarian versus non-vegetarian), however, we were not able to obtain a sufficient number of samples from vegetarians/vegans. We always obtained the signed informed consent with each human sample.

Due to the difficulty in communication with most volunteers after the sample delivery, we were unable to conduct a follow-up study to determine how long Blastocystis sp. colonization persists or whether they have some periods with clinical gastrointestinal symptoms.



Ethical Approval

Each participant signed an informed consent declaration to participate in the study. The process, conditions and ethical rules of this study adhered to the Declaration of Helsinki 2013 (World Medical Association). All data were strictly anonymized and processed according to valid laws of the Czech Republic (e.g., Act no. 101/2000 Coll and subsequent regulations). The study was approved by the Ethics Committee of the Biology Center of the Czech Academy of Sciences (reference number: 1/2017).



Sample Processing and Cultivation Diagnostics

All obtained samples were subjected to two diagnostic approaches: (i) in vitro cultivation and (ii) molecular diagnostics. For in vitro cultivation, approximately 200 mg of each fecal sample was homogenized and inoculated into a cultivation tube (10 ml; Sigma-Aldrich, St. Louis, MO, USA) containing 4 ml of modified Jones medium (Leelayoova et al., 2002; Suresh and Smith, 2004) supplemented with 10% heat-inactivated horse serum (Sigma-Aldrich, St. Louis, MO, USA) and incubated at 37°C in anaerobic conditions for 48 h (Clark and Stensvold, 2016). Next, samples were inoculated into fresh culture medium for further 48 h. All cultures were evaluated for the presence of Blastocystis sp. by light microscopy (Olympus CX22LED) using 400× magnification. The remainder of the fecal sample that was not used for culture was stored at −20°C for subsequent molecular analyses.


DNA Extraction

Total genomic DNA was extracted directly from fecal samples using the commercial kit PSP Spin Stool DNA Kit (Stratec, Germany) following the manufacturer's protocol. The isolated DNA (total volume−200 μl and concentration 120–850 ng/μl) was aliquoted and kept at −20°C until analyzed.



Molecular Detection and Subtyping of Blastocystis sp.

PCR amplification of SSU rDNA was performed using barcode primers RD5 (5′-ATCTGGTTGATCCTGCCAGT-3′) and BhRDr (5′-GAGCTTTTTAACTGCAACAACG-3′) that amplify an ~600 bp region containing sufficient information for phylogenetic analysis and subtype identification of Blastocystis sp. (Scicluna et al., 2006; Stensvold and Clark, 2016b). PCR was performed in the T100TM Thermal Cycler (Biorad, USA) under the cycling conditions as follows: 94°C/5 min; 34 × (94°C/1 min; 56°C/1 min; 72°C/1 min); 72°C/5 min. All PCR reactions were prepared in a final volume of 10 μl, containing 5 μl of commercially produced 2× concentrated Master Mix (AccuPower® Taq PCR PreMix; Bioneer, Republic of Korea), 1 μl of each primer (2.5 pmol), 2 μl of extracted DNA, and 1 μl of miliQ water. PCR products were then visualized by electrophoresis; loading 8 μl of PCR product on a 1% agarose gel with ethidium bromide (0.002 mg/ml) using the electrophoresis system (Thermo Fisher Scientific, Inc., USA). PCR amplicons of the appropriate size were purified using the GenEluteTM Gel Extraction Kit (Sigma-Aldrich, MO, USA) and sequenced in both directions using PCR primers, sequencing was performed by a commercial company (Eurofins GATC Biotech, Germany). In case of ambiguous sequences with multiple signals, amplicons were subjected to cloning using pGEM®-T Easy Vector System I (Promega, USA). All sequences were processed in the software Geneious Prime 2019.0.4. and subsequently compared to sequences in the GenBank TM database (National Center for Biotechnology Information) using BLASTn. To determine the subtypes, the sequences were typed using the barcoding platform for Blastocystis sp. (http://pubmlst.org/blastocystis/) enabling analysis based on SSU rDNA alleles, which is a valid indicator of genetic variability within subtypes (Scicluna et al., 2006; Stensvold et al., 2012).




Phylogenetic Analysis

Phylogenetic analyses were used to confirm the Blastocystis sp. subtype results and to further analyze those sequences that could not be recognized by the barcoding platform. DNA sequences obtained for this study were deposited in GenBank under the accession numbers (MT039538-99, MT042786-824; for details see Supplementary Material 1). A final dataset for phylogenetic analysis was created to represent the main subtypes and also to cover the diversity of Blastocystis sp. from different hosts. All sequences were aligned using the software MAFFT (Katoh et al., 2005), and the alignment was manually edited in the software package Geneious Prime 2019.1.1 (https://www.geneious.com). The best model of the nucleotide substitution was selected by a score of the Akaike information criteria in the built-in IQ-TREE software algorithm ModelFinder (Trifinopoulos et al., 2016) and all phylogenetic calculations were performed under the GTR+F+I+G4 model. Phylogenetic analyses were performed using maximum likelihood (ML) and Bayesian inference (BI). Results for ML were generated by the software PHYML (Guindon and Gascuel, 2003) with 1,000 resamplings of the bootstrap method for branching patterns within trees. Bayesian inference runs were performed for 10 million generations in eight chains and four independent runs by the software MrBayes v3.2 (Ronquist et al., 2012). Coherence of each run was checked in the software TRACER v1.7.1 (Rambaut et al., 2018) and the estimated burn-in was 1,2 million generations. Trees were visualized in the software FigTree v1.4.3 (Rambaut, 2016). Sequences of a closely related taxon (Proteromonas sp.) were used to root both trees. The untrimmed alignment has been deposited into DRYAD digital repository.



Statistical Analysis

The chi-square test was used for statistical evaluation of the significance of the difference in Blastocystis sp. prevalence between groups of humans within a single observed factor (lifestyle–urban/rural life, traveling, animal contact, gender). Comparisons between prevalence and age groups were performed by Welch Two Sample t-test. A p value less than 0.05 was considered to indicate statistical significance. Analyses were performed using software GraphPad Prism 5.0 and R Studio version 3.6.2.




RESULTS

In total, we obtained 424 samples of which 288 samples were from humans and 136 samples were from non-human hosts (Table 1). Most non-human samples originated from dogs (58/136), followed by cats (19/136) and horses (15/136). Human samples were divided into eight consecutive age categories (Table 2); the majority of samples were from individuals older than 18 years. We obtained 120 samples from men and 168 from women from 14 regions of the Czech Republic (for more details see Figure 1). All volunteers confirmed that they are free of GI symptoms or chronic inflammatory bowel diseases.


Table 1. List of human and animal species included in this study and the number of Blastocystis-positive samples for each species.
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Table 2. Prevalence and incidence of Blastocystis sp. subtypes in humans based on the age groups.
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FIGURE 1. Graphical visualization of regions/localities of the Czech Republic from which samples were obtained. Black indicates samples taken from cities, gray samples from villages.


Regarding information about traveling, 52/288 individuals (18%) reported never to have traveled outside the Czech Republic, while 135 (47%) reported having traveled within Europe, and 101 (35%) participants reported that they had traveled outside Europe (Table 3). Eighty-two were village dwellers, while 206 were living in urban environments (Table 3). Furthermore, 244 people reported recent animal contact, of whom 155 had been in contact only with pets and 89 also with farm animals (Table 3). A total of 69 families ranging from 2 to 5 family members were represented in the sample dataset (for details see Supplementary Material 2).


Table 3. Prevalence and subtype diversity of Blastocystis sp. in human samples according to the specific categories such as lifestyle (village vs. city life, traveling) and contact with animals (pets, farm animals).

[image: Table 3]


Comparison of Sensitivity of Two Diagnostic Methods

Cultivation revealed Blastocystis sp. in 73 samples (for more details see Supplementary Material 1). PCR was positive in 100 samples, but sequencing confirmed the presence of Blastocystis sp. in 83 samples (Table 1, Supplementary Material 1). Hence, the molecular approach conferred the benefit of higher sensitivity than cultivation, however at slightly lower precisions because it also resulted in 17 false-positive samples (sequences from bacteria, fungi, or plant amplified rather than Blastocystis sp.).



Prevalence and Subtypes of Blastocystis sp.
 
Overall Prevalence and Diversity

Blastocystis sp. was detected in samples from both human and non-human hosts. The overall prevalence of Blastocystis sp. in human samples was 24% (70/288), while 10% (13/136) in non-human hosts, including birds (Anser anser domesticus), dogs (Canis lupus familiaris), goats (Capra aegagrus hircus), pigs (Sus scrofa domestica), sheep (Ovis aries), cattle (Bos primigenius taurus), and horses (Equus caballus) (Table 1).

Combining the results obtained by barcoding and phylogenetic analyses, we identified ten different Blastocystis sp. subtypes, specifically ST1-ST8, ST10, and ST14 (Tables 1, 3, Figure 2) along with one unidentified subtype in a horse. Most of the results were confirmed using both approaches; however, five sequences were identified to subtypes level by phylogenetic analysis (for details see Supplementary Material 1). While we detected eight subtypes (ST1–ST8) in humans, only five subtypes (ST5, ST7, ST10, ST14, ST?) were revealed in non-human hosts. However, for a few samples, Sanger chromatograms with multiple signals were obtained, which is why the PCR products reflecting these samples were cloned. In three cases, we identified co-colonization by two distinct subtypes of Blastocystis sp., specifically ST10 and ST14 in sheep (sequences MT042802–MT042806) and cow (sequences MT042807–MT042812), as well as a mix of ST1 and ST3 in one human sample (sequences MT042792-MT042796; for details see Supplementary Material 1). Moreover, we found one unidentified Blastocystis sp. subtype from horse, which in the phylogenetic tree formed a well-separated clade with the sequences obtained from homoiotherms (MH807192, -98, EF209017, -18, -19; Figure 2). Here, the presented phylogenetic results are BI analyzes generated by the software MrBayes (Figure 2) because ML provided very similar results but with somewhat lower branch bootstrap supports (Supplementary Material 3).


[image: Figure 2]
FIGURE 2. The MrBayes tree based on Blastocystis SSU rDNA sequences. The posterior probabilities are shown as a branch supports; sequences of Proteromonas sp. were used as an outgroup to root the final tree. Sequences obtained in a frame of this study are marked by the asterisk and highlighted by the color gradient corresponding to the assigned Blastocystis subtypes. All sequences are labeled by NCBI accession numbers, the host, and locality if available.


The most frequent subtype in humans was ST3 with prevalence of 36% (25/70), followed by ST1 with prevalence 19% (13/70) and ST2 with prevalence 16% (11/70). Interestingly, we detected sizable number of typically “avian subtypes” (ST6 and ST7) in human samples (11/70). Furthermore, we also identified ST5 in humans, which is most commonly found in pigs. Phylogenetic analyses also revealed the presence of subtype ST8 in one human sample (sequences MT039581–MT039583; Figure 1). All these results are displayed in Table 1. The complete alignment of the used sequences is published in the Dryad database (doi: 10.5061/dryad.np5hqbzqv).



Detected Alleles of Blastocystis sp. Subtypes

We detected a number of different Blastocystis subtype alleles in our sample set (Table 4). The most variable subtypes were ST7 (alleles 41, 106, 110, 112) and ST2 (alleles 9, 11, 12), followed by ST4 (42, 92) and ST5 (17, 119). In contrary, the least variable subtypes were ST1 (4) and ST6 (123). In case of ST10, we found the allele 43 using the barcoding platform, but our phylogeny indicates the possible presence of another allele. Within the ST10 clade there are two well-supported branches, one of which has a posterior probability (PP) value 0.85 containing only one sample (MT042802; unidentified allele), while other sequences reflecting allele 43 fall into the second branch (PP-value 0.98; Figure 2). The ST14 subtype (MT042803, -05, -06, -08, MT039559) was revealed only using phylogenetic analysis, and also here, the high-supported branches with the clade could indicate the presence of at least two alleles (Figure 2).


Table 4. Intra-subtype variability of detected Blastocystis subtypes according to host.
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Surprisingly, we found two different alleles within one subtype in two human samples - ST5 with alleles 119 and 17 in the first case, and ST3 with alleles 36 and 34 in the second case, which is a very rare finding.



Distribution of Blastocystis sp. Within Family Members

We were able to obtain a relatively large number of samples from more family members, and it was therefore possible to determine whether Blastocystis sp. is likely to circulate within families. In total, we obtained samples from 69 families (for details see Supplementary Material 2). At least one Blastocystis-positive person was observed in approximately half of the families (35/69). In most cases, only one family member was positive for Blastocystis sp. (25/35), but there were also families with more positive members (10/35). In the latter group of families, more subtypes occurred in several family members at the same time (6/35). For example, three different subtypes were detected in a family of four [ST1 (4), ST2 (9), ST6 (123)], and a similar situation occurred in another family consisting of five members [ST1 (4), ST2 (11), 2× ST4 (42)]. Identical subtypes of multiple family members were found in four cases (4/69) only. One family was living in a city where the married couple shared ST3 with the same allele 34. Further two families living in the village–both families of three - all had the ST1 exhibiting the same allele 4. The last case was the mother and her daughter from the small village shearing ST2, allele 9.




Influence of Specific Factors on the Occurrence of Blastocystis sp.
 
Lifestyle

All 288 human samples were tested for the effect of lifestyle on the presence/absence of Blastocystis sp. Specifically, two factors were included in this category: (i) town/city life versus village life and (ii) the impact of traveling. A significantly higher prevalence (p = 0.03) was found among people living in village areas (32%), compared to those from living in urban areas (21%). The most common subtypes in individuals from village areas were ST1 and ST3 (both 27%) and ST2 (15%); in urban areas, ST3 (41%), ST2 (16%), and ST1 and ST4 (14%) (Table 3). Compared to people living in a town/city, we detected a higher number of ST6 cases in village people (12 vs. >5%); ST6 is considered one of the two subtypes that are considered “avian,” the other one being ST7 (Stensvold et al., 2009).

Regarding the impact of traveling on differences in Blastocystis sp. colonization, the highest prevalence (31%; p = 0.11) was observed among the group of people traveling outside the Europe (Table 3). The prevailing subtype in this category was ST3 (29%), followed by ST1 and ST2 (both 19%). There was no difference in the prevalence of Blastocystis sp. (p = 0.48) between groups that do not travel or travel only within the Europe only (21% in both categories; Table 3). In both latter groups, the most common subtype was also ST3 (36 and 43%, respectively). The second most common subtype in people traveling within the Europe was ST1 and ST7 (both 14%; Table 3).



Contact With Animals

The prevalence of Blastocystis sp. among people in close contact with animals was 25%, while 18% (p = 0.15) for those without contact with animals (Table 3): the most common subtypes in the first group (contact with animals) were ST3 (36%), ST1 (21%), and ST2 (16%); in the second group (without contact with animals) ST3 and ST7 (both 38%), then ST2 and ST6 (both 13%; Table 3). The group of people in contact with animals was further divided into two subgroups – contact with (i) pets and (ii) farm animals. A significantly higher prevalence was observed in humans in contact with farm animals (33%), compared to people in contact with pets (21%, p = 0.0256; Table 3). In people with pets, the most common subtype is ST3 (49%), followed by ST2 (15%), then ST1 and ST4 (both 12%). In the second group (contact with farm animals), the most frequent were ST1 (31%), ST3 (21%), and ST2 (17%; Table 3). For samples from animals belonging to individuals / whole families with cases that were Blastocystis-positive, no subtypes were found to be shared between the human and non-human hosts (for details see Table 4).



Age and Gender

The highest prevalence of Blastocystis sp. was observed in the age group of 4–6 years (45%, p = 0.43), although this result was not statistically significant (Table 2). Another age category with a relatively high prevalence of this protist is among subject aged 7–12 and 50–60 years (31%; Table 2). In contrast, the least positive cases were found in children under three years (6%). Complete results of the prevalence and incidence of Blastocystis sp. subtypes in each age group are summarized in Table 2.

Regarding influence of gender, there was no significant difference (p = 0.12) in the prevalence of Blastocystis sp. between male (21%) and female (27%). The most common subtype was ST3 in both groups (40% and 33%), then ST1 (28%) and ST2 (12%) in males, ST2 (18%), and ST1 (13%) in females.





DISCUSSION

Over the past decade, there has been a growing interest in investigating the diversity of commensal unicellular eukaryotes in the healthy human population partly due to the hypothesis that one or more of these genera/species could be conducive to human health (Lukeš et al., 2015; Chabé et al., 2017; Stensvold and van der Giezen, 2018). Of the wide range of these gut micro-eukaryotic genera, Blastocystis sp. is the one most intensively studied (e.g., Stensvold and van der Giezen, 2018), and recently, it has been associated with the diversity of bacterial microbiota (e.g., Andersen et al., 2015, 2016; Audebert et al., 2016; Chabé et al., 2017). In order to fill gaps in our knowledge on the role of commensal intestinal protists in the gut ecosystem, we need to explore extensively their prevalence in healthy individuals across the globe, in countries with different stages of industrialization. Therefore, the aim of the present study was to expand the knowledge of the epidemiology of Blastocystis sp. in gut-healthy asymptomatic humans across the Czech Republic (belonging among the industrialized countries), including the subtype distribution of Blastocystis sp., and correlations of Blastocystis sp. colonization with several factors such as lifestyle (traveling, city versus village life), contact with animals, as well as age and gender.

In this study, a total of 288 stool samples from asymptomatic individuals (gut healthy) were obtained across the entire age range (between several months of age to more than 60 years) and 136 samples from animals with which volunteers were in contact on a daily basis. For the detection and differentiation of Blastocystis sp., we chose two methodological approaches, specifically xenic cultivation and molecular detection (PCR and sequencing). PCR identified about ten more positive samples than cultivation. This fact corresponds with other studies (e.g., Stensvold et al., 2007; Roberts et al., 2013), where molecular diagnostic is more sensitive than cultivation.

The overall prevalence of Blastocystis sp. in our human sample set reached 24% which corresponds well with prevalence data from studies performed in other European countries ranging between 18 and 30% (Bart et al., 2013; El Safadi et al., 2016; Tito et al., 2019) but significantly differs from a recent study in the US with prevalence 7% (Scanlan et al., 2016). Surprisingly, a much higher prevalence was found in an Irish population of healthy people, 56% (Scanlan and Marchesi, 2008; Scanlan et al., 2014). In contrast, Blastocystis sp. occurred less frequently in animals in our sample-set (10%) compared to other studies where prevalence ranged from 18–76% (Roberts et al., 2013; Udonsom et al., 2018; Valença-Barbosa et al., 2019). This difference could be explained by the fact that a large proportion of our animal samples were from cats and dogs, in which Blastocystis sp. is generally a much less common finding (about 3%) than it is in livestock (ranging between 12 and 76 %) (Wang et al., 2013; Paulos et al., 2018; Udonsom et al., 2018; Greige et al., 2019). Unfortunately, due to limited communication in most volunteers, we were not able to monitor Blastocystis-positive individuals for a longer period to determine, for example, the length of Blastocystis sp. colonization (i.e., whether it is time-limited or not) or to determine if they have occasional symptomatic periods.

Overall, ten different Blastocystis subtypes (ST1–ST9 and ST12) have been found in humans (Alfellani et al., 2013a; Stensvold et al., 2020a), of which we detected eight in this study, specifically ST1–ST8. Our results on the subtype distribution across human individuals are in an agreement with findings from similar studies (e.g., Bart et al., 2013; El Safadi et al., 2016). However, in humans, more frequently is detected a lower diversity of subtypes, mostly ST1-ST3 (Scanlan et al., 2016; Jalallou et al., 2017; Mohammad et al., 2017) or ST1-ST4 (Scanlan et al., 2014; Valença Barbosa et al., 2017). Comparing data on occurrence and distribution Blastocystis sp. between various studies is often very difficult, maybe almost impossible, because of inconsistency in structure of human cohorts [often monitored mainly individuals with intestinal disorders; e.g., Krogsgaard et al. (2015)], in countries of origin [developmental or industrialized; e.g., Scanlan et al. (2014)], in geographic localizations (rural or urban; Alfellani et al., 2013b) or in use of wide range of diagnostic approaches (Stensvold and Clark, 2016b).

Interestingly, this study allowed us to see if Blastocystis sp. and its subtypes could circulate within family members. In total, we obtained samples from 69 families and detected at least one Blastocystis sp. positive individual in 35, of which ten showed more colonized individuals. Interestingly, in about six families we also discovered more Blastocystis subtypes within one family. These results might suggest that Blastocystis sp. circulates between family members or all family members could have been colonized from the same source.

In the present study, the most common subtype in the human sample set was ST3 (36%), followed by ST1 (19%) and ST2 (16%). This result corresponds with data from other European studies where subtypes ST1-ST4 were the most common (Forsell et al., 2012; Bart et al., 2013; Scanlan et al., 2014; El Safadi et al., 2016). These four common subtypes in humans have been also found in other hosts such as primates, ungulates, rodents or birds, which could indicate zoonotic potential (Stensvold and Clark, 2016a). However, for subtypes ST1, 3, and 4, allele analysis to a large extent indicated that the strains detected here were the typical ones circulating between humans. Nevertheless, our finding of the avian subtypes ST6 and ST7 in humans as well as ST5 (often found in pigs) and ST8, could reflect cases of zoonotic transmission (Stensvold and Clark, 2016a). Interestingly, rats might play a role in spreading of Blastocystis ST1-ST4 and possible also of ST8 as suggested by a study focused on a survey of wastewater samples in Sweden (Stensvold et al., 2020b).

The avian subtypes ST6 and ST7 were detected in 16% of human samples (7 and 9%, respectively). These subtypes hardly appear in other studies of humans in Europe (e.g., Forsell et al., 2012; Bart et al., 2013; El Safadi et al., 2016; Paulos et al., 2018). Human colonization with ST6 may occur due to direct contact with birds, for example poultry, which has recently been confirmed to have a relatively high prevalence of ST6 (32%) (Stensvold and Clark, 2016b; Greige et al., 2018; Wang et al., 2018). Moreover, recent evidence has demonstrated the transmission of this subtype between poultry and their keepers (Greige et al., 2018). Here, three out of five ST6-positive people live in a village area, two of which also keep poultry besides other animals. Unfortunately, poultry samples were not available from these volunteers and, thus, it was not possible confirmed the presence of ST6 in these birds. In contrast, another “avian subtype” ST7 was detected in six people living mainly in towns/cities (4/6). Only three of them reported contact with animals, specifically dogs/cats (3/6), poultry and livestock (1/6). In this case, we obtained only one fecal sample from the dog and one from the cat, however, both appeared to be Blastocystis-negative. Beside this, we recorded ST7 in other two dogs and one goose, but conversely to previous case the presence of this subtype was not confirmed in their owners. So far, most of the epidemiological studies focused on the occurrence of Blastocystis sp. in dogs found either different subtypes, such as ST1, ST2, and ST4 (Wang et al., 2013, 2018; Ramírez et al., 2014), or the presence of Blastocystis sp. was not confirmed at all (Paulos et al., 2018). Despite of all above discussed facts, it is important to mention that ST6 and ST7 were also detected in other animal species (bovids, carnivores, or non-human primates) which might be also reservoirs of Blastocystis sp. (e.g., Cian et al., 2017; Wang et al., 2018).

Other unexpected results were findings ST5 and ST8 always in only one human sample while the presence of ST8 was confirmed only by phylogenetic analyses. Typical host for subtype ST5 is livestock, but mainly pigs (Noël and Dufernez, 2005; Yan et al., 2007; Wang et al., 2014; Lee et al., 2018; Udonsom et al., 2018; Greige et al., 2019). The individual positive for ST5 in this study lived in a village and owned a small family farm, so, we hypothesize about zoonotic transmission. Moreover, we found ST5 with same alleles (17, 119) also in two pigs. In case of ST8, typical subtype of zookeepers of non-human primates (Stensvold and Clark, 2016b), we revealed this colonization only in one woman. She has no history of contact with primates, however, often travels outside the Europe.

The Blastocystis sp. subtypes found in this study were delineated to 17 different alleles. However, eight sequences showed no match in the barcoding platform, therefore, those were subjected to phylogenetic. The highest intra-subtype variability in our sample-set was in ST7 (alleles 41, 106, 110, 112), followed by ST2 (alleles 9, 11, 12). While larger diversity of alleles within ST2 isolates (in contrast to commonly occurring ST1 and ST4) was revealed also in some other studies (Ramírez et al., 2017; Rezaei Riabi et al., 2018), such high intra-subtype diversity of ST7 is not so common (e.g., Ramírez et al., 2017; Rezaei Riabi et al., 2018). Interestingly, we detected one allele (112) of subtype ST7 in both humans and animals (specifically in two dogs and one goose) which might indicate a possible zoonotic transmission.

It is generally assumed that people living in rural areas are more likely to encounter potential sources of Blastocystis sp. such as contaminated water and food probably due to closer contact with animals (e.g., Parkar et al., 2010; Angelici et al., 2018; Greige et al., 2018, 2019). The results of our study demonstrate a significantly higher prevalence in people living in a village (32%), compared to those from a town/city where the prevalence of Blastocystis sp. was only 21%. Similar results were observed in Brazil, with a prevalence of 35% detected in Rio de Janeiro (Valença Barbosa et al., 2017), while in two small fishing villages in São Paulo the prevalence was higher (45 and 71%) (David et al., 2015). An interesting finding in our dataset is a 7% higher incidence of subtype ST6 in people from the village, compared to people who reported town/city life in the questionnaire. A similar result was found in a Turkish study comparing the diversity of Blastocystis sp. subtypes depending on lifestyle (rural/urban) (Koltas and Eroglu, 2016). The authors of this study detected ST6 together with the other two subtypes (ST5 and ST7) only in rural people. These facts may support our hypothesis that poultry is the main source of ST6 for humans (Greige et al., 2018), but this requires further investigation.

In relation to lifestyle factor, there was observed correlations between the presence/absence of Blastocystis sp. and traveling mainly. Generally speaking, it is believed that traveling in tropical and subtropical countries (mainly Africa and Asia) may influence the occurrence of the Blastocystis sp. in humans (El Safadi et al., 2016; Rudzińska et al., 2019). This fact was also confirmed in our study. The highest prevalence (31%) of Blastocystis sp. in our sample-set was observed among the group of people traveling outside the Europe that correlates with other studies (Bart et al., 2013; Sekar and Shanthi, 2015; El Safadi et al., 2016). In contrast, there was no significant difference in the prevalence of Blastocystis sp. among the group of people that do not travel or travel only within the Europe. This result is probably related to the fact that the prevalence of Blastocystis sp. in Europe and, thus, in the Czech Republic (based on our data) is similar. Some studies report a significant higher occurrence of ST1 in individuals traveling outside of Europe (Bart et al., 2013; Rudzińska et al., 2019), however, we found no such correlation. Traveling outside the Europe is also often correlated with the occurrence of “avian” subtypes ST6 and ST7 (e.g., Rudzińska et al., 2019; van Hattem et al., 2019), but we did not confirm this.

There is no consensus on the impact of gender on the occurrence of Blastocystis sp. in humans. While some studies report significant differences in the prevalence of Blastocystis sp. between men and women (e.g., Abdulsalam et al., 2013; Rudzińska et al., 2019), others do not confirm such a difference (e.g., Scanlan et al., 2014; El Safadi et al., 2016; Paulos et al., 2018). In our study, there was no significant difference in the occurrence of Blastocystis sp. between the sexes, although a slightly higher prevalence was found in women (27%) than in men (21%).

In case of age factor, the highest prevalence (45%) of Blastocystis sp. among our human samples was in the category 4-6 years. Nevertheless, this can be caused by the smaller number of samples in this group and no major conclusions can be drawn. The authors of the French study also found a higher prevalence (27%) in children under 14 years (El Safadi et al., 2016). Authors of the study Paulos et al. (2018) had a similar experience with the highest prevalence in 6–10 and 11–15-years old children (55 and 52%). The second highest prevalence of Blastocystis sp. in our samples was detected in the 50–60 age group with a value of 35%, which differs from the results of other studies–for example, in the above-mentioned study from France, these protists were only in 13.6% of people over 50.

In contrast, in children under three years (in our study), Blastocystis sp. was the least prevalent and only one sample (out of 18) was positive. This result is consistent with the data published in a recent study from Ireland (Scanlan et al., 2018) in which none of the infants (>1 year) were positive and these authors also found low prevalence in children under two years (only 5%). Zero prevalence in infants was also confirmed by a study conducted in India (Pandey et al., 2015). Such young children are under the constant supervision of their parents and usually do not have as many opportunities to encounter infection as older children, which may be the reason for low prevalence in this age group.


Conclusion

In sum, the results of our study on the prevalence and distribution of Blastocystis sp. and its subtypes in a gut-healthy human population in the Czech Republic more or less correlate with data in other epidemiological studies from industrialized countries. However, a comparison of the results from barcoding with phylogenetic analysis emphasis the need to focus further research on possible sources of Blastocystis sp. for human colonization, and in particular on the possibility of zoonotic transmissions. An in-depth insight to these aspects will significantly contribute to understanding the importance of Blastocystis sp. in human health, its role in the intestinal microbiome and its epidemiology across urban a rural localities.
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