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ARTICLE INFO ABSTRACT

Keywords: Although Blastocystis sp. is one of the most prevalent intestinal parasites worldwide, its role as a
Spondyloarthritis pathogen remains unclear. The use of molecular techniques to assess the genetic heterogeneity of
Blastocystis

Blastocystis sp. has become important to understand its function in some intestinal pathologies

Isnttf:;mal parasites and if it is a key component of intestinal microbiota. Spondyloarthritis is a group of immune-
ubtypes . . . ) . ) . Lo . .
Colonfbia mediated autoinflammatory diseases in which microbial dysbiosis in the gut (including para-

sites, bacteria and fungi) and intestinal inflammation are common features apparently associated
with the pathophysiology of these disorders. This study included 74 patients diagnosed with
spondyloarthritis and 57 systemically healthy individuals (included as controls), who were
screened for intestinal parasites. Blastocystis sp. was detected in 68% and 73% of the patients with
spondyloarthritis and controls, respectively. In faecal samples positive for Blastocystis sp., an 18S
rRNA gene fragment of Blastocystis sp. was amplified and sequenced to identify their genetic sub-
types. Patients with spondyloarthritis showed similar frequencies of ST1, ST2 and ST3 subtypes of
Blastocystis sp. (30% each). The same subtypes were observed in controls, wherein almost 60% of
the samples showed ST3. In addition, ST6 was found only in one sample from each group. ST1
subtype showed the greatest genetic variability. Although the same subtypes were detected in
both patients with spondyloarthritis and controls, subtype prevalence studies conducted in
Colombia indicate an association between ST3 and individuals with irritable bowel syndrome.
This opens an interesting research avenue to further study of the epidemiology of Blastocystis sp.
and its possible relationship with intestinal conditions in immunocompromised patients.

1. Introduction

Blastocystis sp. is an intestinal protozoan parasite that has long been identified as a commensal organism in the gut flora of humans
and animals (Denoeud et al., 2011). Over the last few years, research on Blastocystis sp. has gained relevance as several studies have
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claimed that Blastocystis sp. infection leads to gastrointestinal symptoms, inflammatory bowel disease, ulcerative colitis and extra-
intestinal manifestations such as urticaria and iron deficiency anaemia (Yavasoglu et al., 2008; Deeb et al., 2012; Jiménez-Gonza-
lez etal., 2012; Verma and Delfanian, 2013; Casero et al., 2015). To date, the pathogenicity of Blastocystis sp. has not been categorically
demonstrated, since studies have reported inconclusive findings (Lukes et al., 2015). Other studies on Blastocystis sp. have focused on
assessing its genetic clusters or subtypes because there could be a potential relationship between the genetic diversity of populations
and the wide range of responses to infection, including asymptomatic hosts (Clark, 1997; Stensvold et al., 2011). Molecular research
has involved the analysis of the small-subunit ribosomal RNA gene (18S rRNA) and has led to the identification of 17 different subtypes
of Blastocystis sp. (Alfellani et al., 2013). Recently, five new subtypes have been proposed, namely ST21 and ST23-ST26, which have
been identified in wild and domestic animals (Maloney et al., 2019; Stensvold and Clark, 2020).

Blastocystis sp. infection can be regarded as a zoonotic disease because ST1-ST8 and ST12 subtypes have been isolated from humans
and animals (Ramirez et al., 2016). Although ST9 has been exclusively isolated from humans (Yoshikawa and Iwamasa, 2016), 95% of
infections in humans have been associated with ST1-ST4 subtypes (Stensvold and Clark, 2016). ST3, ST1 and ST2 are the most
frequent subtypes identified in South America, whereas ST4 is the most frequent one in Europe and Australia and ST7 prevails in
Africa, Nepal, Pakistan, Malaysia and Singapore (Ajjampur and Tan, 2016). A study conducted in 2013 on animal and human samples
from different regions of Colombia reported an association between clinical symptoms and the infecting subtypes. Individuals
colonised by ST1 were asymptomatic, those infected with ST2 had diarrhea and those infected with ST3 had irritable bowel syndrome
(IBS) (Ramirez et al., 2014). Although several studies have been conducted worldwide to differentiate pathogenic subtypes from non-
pathogenic subtypes, results have been contradictory even in studies performed in the same country (Stensvold et al., 2007; Mattiucci
et al., 2015).

Studies on chronic diseases have suggested that Blastocystis sp. acts as an opportunistic pathogen in immunocompromised patients
with HIV/AIDS and cancer, causing diarrhea (Tan et al., 2009). However, few studies have attempted to determine the distribution of
Blastocystis subtypes and their relationship with these pathologies (Tan et al., 2009; Yersal et al., 2016; Miilayim et al., 2021) or in
patients who have undergone organ transplants (Silva et al., 2019) or haemodialysis (Gulhan et al., 2020). In general, no relationship
has been found in these studies.

Spondyloarthritis (SpA) is a group of autoinflammatory rheumatic diseases that include ankylosing spondylitis (AS), psoriatic
arthritis (PsA), reactive arthritis (ReA), inflammatory bowel disease (IBD)-associated arthritis and undifferentiated spondyloarthritis
(uSpA). All these conditions share genetic, pathophysiological, clinical and radiological features that suggest a common origin
(Dougados and Baeten, 2011). Some of these features include arthritis affecting the axial skeleton with inflammatory low back pain,
uveitis, dermatological and gastrointestinal involvement and genetic association with HLA-27 (Stolwijk et al., 2015).

Gastrointestinal symptoms (Romero-Sanchez et al., 2017) associated with increased permeability of the intestinal barrier (Gill
et al., 2015), microbial dysbiosis (including bacteria and fungi) (Longman and Littman, 2015; Wheeler et al., 2016) and inflammation
are frequently observed in patients with SpA and are common features associated with the pathophysiology of these disorders. In other
models of infectious diseases associated with SpA, results have not been conclusive in prove this relationship. There are no known
reports about the involvement of parasite-induced intestinal dysbiosis in patients with SpA. Similarly, there are very few publications
on the occurrence of intestinal parasites in patients with SpA (Aikawa et al., 2011; Jiménez-Balderas et al., 2012), including one case
report of ReA caused by Blastocystis (Tejera et al., 2012).

The aim of this study was to assess the intestinal parasite populations and to determine the distribution of Blastocystis sp. subtypes in
a group of patients with spondyloarthritis in Colombia.

2. Materials and methods
2.1. Study population

Two study groups were included: 74 patients diagnosed with SpA and 57 systemically healthy individuals (controls). Patients aged
18-65 years selected by a team of rheumatologists using the criteria of the Assessment of SpondyloArthritis International Society
(ASAS) were included (Rudwaleit et al., 2011). They were treated in the Rheumatology Service of Hospital Militar Central and Clinicos
IPS and assessed for gastrointestinal symptoms (diarrhea, mucus in stool, haematochezia, increased frequency of daily bowel
movements, abdominal pain and abdominal distension). Pregnant women and patients with a history of infection in the previous
month, autoimmune disease, neoplasia, immunodeficiency, chronic pancreatitis, liver disease or diabetes were excluded. Similarly,
candidates who had been administered antibiotic or antiparasitic medication within the previous 3 months or were on any dose of
systemic steroids at the time of recruitment were not included. The controls comprised age-matched healthy individuals, and the same
exclusion criteria were used in addition to absence of gastrointestinal symptoms.

2.2. Ethical approval and questionnaire

This study involved minimal risk and was conducted in accordance with the principles outlined in the Declaration of Helsinki and
guidelines established by the Ministerio de Salud de Colombia for research involving human subjects. Faecal samples were collected
from each subject after they signed the informed consent form. This research was approved by the Ethics Committee of Hospital Militar
Central in Bogotd, Colombia (records number 09 of May 5, 2017, and 09 of June 1, 2018).

Information on demographic and clinical characteristics and disease progression was obtained from each subject via a question-
naire by direct interview.
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2.3. Faecal samples and microscopic examination

Each subject (patients and controls) was provided with a plastic container for the collection of a faecal sample along with detailed
instructions for a correct collection procedure. One sample per subject was collected and stored at 4 °C until arrival at the Molecular
Parasitology Laboratory of Universidad El Bosque. The samples were immediately analysed using microscopy; three types of mounting
techniques were used: 1) direct examination with 0.9% saline solution and 4% Lugol, 2) examination of concentrated samples using the
Mini-Parasep SF faecal parasite concentrator (DiaSys Ltd., Berkshire, England) and 3) mounting with the Kato—Katz system (Sterlitech
Corp., USA) for helminth detection. Each mount preparation was examined by certified microscopists. From each stool sample
collected, an aliquot was taken for the measurement of calprotectin. Quantification was done with an ELISA assay using the
KAPEPKT849 kit (DIAsource ImmunoAssays SA) according to the manufacturers’ instructions. The remaining concentrated samples
were stored at —20 °C for subsequent DNA extraction.

2.4. Molecular analysis

DNA was extracted from approximately 200 pL of concentrated faecal sample (Mini-Parasep SF, DiaSys Ltd., Berkshire, England)
using the QIAamp Stool extraction mini-kit (Qiagen) according to manufacturer’s instructions with some modifications, as previously
described by Hernandez et al., 2019 (Hernandez et al., 2019). The presence of DNA was confirmed via quantitative polymerase chain
reaction (qQPCR) using specific primers to amplify a fragment of the 16S rRNA gene of Enterobacteriaceae and a TagMan probe, as
described by Menu et al., 2018 (Menu et al., 2018). If any sample was negative for this test, it was re-extracted. The primers used were
TTB_F: AGAGTTTGATCMTGGCTCAG (forward) and TTB_R: TTACCGCGGCKGCTGGCAC (reverse), and the probe used was S_TTB38K:
FAM-CCAKACTCCTACGGGAGGCAGCAG-BHQ1. The qPCR mixture contained 0.75 pM of each primer, 0.15 pM of probe, 1 pL of
extracted DNA as template and TagMan® Fast Advanced Master Mix (Biorad). The PCR was run on a CFX96™ Touch system (BioRad),
and amplification programme consisted of initial denaturation at 95 °C for 5 min, 45 cycles of denaturation at 95 °C for 30 s and 60 °C
for 1 min. DNA from Enterococcus faecalis ATCC 29212 was used as a positive control for the reaction. A molecular analysis com-
plementary to the microscopic analysis was performed to identify Blastocystis sp. and Giardia intestinalis, as described by Stensvold
et al., 2012 (Stensvold et al., 2012a) and Mejia et al., 2013 (Mejia et al., 2013), respectively. Additionally, conventional PCR was
performed for Entamoeba histolytica identification with the primers reported by Mejia et al., 2013 (Mejia et al., 2013) and Hamzah
et al., 2006 (Hamzah et al., 2006).

Blastocystis sp. typing was performed by amplification of the 18S rRNA gene using semi-nested PCR and a combination of primers
previously reported by Scicluna in 2006 (Scicluna et al., 2006) and Stensvold in 2012 (Stensvold et al., 2012a). A 1722 bp fragment
was amplified in the first reaction with primers RD5 Fwd (ATCTGGTTGATCCTGCCAGT) (forward) and Blasto18SR Rv (CCTACG-
GAAACCTTGTTACGACTTCA) (reverse). Universal PCR reaction mixture contained 1x Buffer GoFlexiTaq, 2 mM MgCl,, 0.2 mM
dNTPs, 0.4 pM oligonucleotides, 1 U DNA GoTaq® Flexi DNA Polymerase (Promega) enzyme and 2 pL of total DNA, resultingina 15 pL
final reaction volume. The following amplification programme was used for universal PCR and semi-nested PCR: 94 °C for 3 min; 37
cycles at 94 °C for 30 s, at 59 °C for 30 s and at 72 °C for 1 min and a final extension at 72 °C for 5 min. DNA from Blastocystis sp. strain
BT1 (ATCC 50608D) was used as positive control. Nested PCR yielded a 611-bp fragment using the primers RD5 Fwd and BhRDr Rv
(GAGCTTTTTAACTGCAACAACG). 1 pL of the universal reaction was used as a template at 25 pL reaction volumes under the above
described conditions. PCR products were visualised in ethidium bromide-stained agarose gels and subsequently sequenced at Mac-
rogen Inc. (Korea). Chromatograms obtained for each DNA sample of both strands were edited and analysed using MEGA X software
(Kumar et al., 2018). Sequencing data were analysed using the PubMLST database (https://pubmlst.org/organisms/blastocystis-spp)
to differentiate subtypes and alleles of Blastocystis sp. The obtained sequences were deposited in the GenBank database under accession
numbers MW683249-MW683288.

For phylogenetic analysis, sequences obtained in the present study were compared with sequences of some reference subtypes (ST1:
DQ232777, ST2: DQ232805, ST3: DQ232803 and ST6: AB070990) retrieved from GenBank. Using MEGA X software, multiple
alignments were performed with Clustal W and a phylogenetic tree was constructed using the maximum likelihood algorithm and the
Tamura Nei Parameter model. Cluster confidence values were assessed using a bootstrap of 1000 replicates.

2.5. Statistical analysis

Descriptive analyses, frequency distributions and analyses of central tendency and dispersion were performed for clinical, labo-
ratory and demographic data. Associations between clinical variables and parasite frequencies were evaluated using the chi square/
Fisher’s exact tests. Comparisons were performed using the Mann-Whitney U test; p-values of <0.05 were considered statistically
significant. All analyses were performed using SPSS version 26 for Windows.

3. Results

Seventy-four patients diagnosed with SpA were included. Among them, 39% were females, frequency of ankylosing spondylitis was
82% and the age median was 43 years. All patients were receiving treatment: 36% with conventional modifier treatment and 64% with
biological treatment. Age median of healthy control group was 38 years and 54% belonged to male genre.

Table 1 shows general characteristics of the study subjects (patients with SpA and healthy controls).

According to parasitological analysis of samples using microscopy and molecular techniques, Endolimax nana was identified in
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98.6% of patients with SpA and 98.2% of controls while Blastocystis sp. was identified in 67.6% of patients and 73.4% of controls
(Table 2). Specifically, results of positives samples for Blastocystis found by microscopy were confirmed by qPCR.

DNA was extracted from all samples positive for Blastocystis sp. to characterise this parasite (42 control samples and 50 patient
samples). Amplicons were obtained for 28 control samples and 18 patient samples. Chromatograms well defined without mixed peaks
were obtained for 23 control samples and 17 patient samples. The 40 sequences were analysed and compared to the Blastocystis se-
quences recorded in the PubMLST database (https://pubmlst.org/bigsdb?db=pubmlst_blastocystis seqdef&page=sequenceQuery) to
assign the corresponding subtypes and alleles. Table 3 and Fig. 1 show these results. ST3 was the most frequent subtype in controls
(56%, p = 0.065), whereas ST1 was the most frequent subtype among SpA patients (35%, p = 0.270).

Following the editing and analysis of the chromatograms, a phylogenetic analysis of sequences obtained for each sample was
performed. Reference sequences for ST1, ST2, ST3 and ST6 subtypes were retrieved from GenBank database to build a radial
phylogenetic tree, as shown in Fig. 2. The tree specifies distribution and clustering of samples with corresponding reference subtype.

4. Discussion

Blastocystis sp. is one of the most common enteric human protozoa in the world (Stensvold et al., 2020), with a prevalence of 0.5%-—
24% in developed countries and 63%-100% in developing countries (Stensvold et al., 2012b; El Safadi et al., 2014; Tito et al., 2019).
Blastocystis sp. infection may be asymptomatic or cause non-specific symptoms such as flatulence, vomiting, abdominal pain and
diarrhea (Wawrzyniak et al., 2013). In Colombia, estimated prevalence of Blastocystis sp. is >50% according to several studies of
different regions of the country (Ramirez et al., 2014; Hernandez et al., 2019; Ministerio de Salud y Proteccion Social, Universidad de
Antioquia, 2015; Higuera et al., 2020a). In the present study, frequency of Blastocystis sp. infection was approximately 70% in controls
and SpA patients, with no statistically significant differences between the groups (p = 0.209). High prevalence of this infection is
generally associated with demographic, socio-economic and epidemiological factors (Wawrzyniak et al., 2013; Ostan et al., 2007),
which in developing countries can be translated as inadequate sanitary conditions, unsafe water sources and contact with animals
(Tan, 2008; Lee et al., 2012).

Our results demonstrate a particular state of high infection by intestinal protozoa (E. nana and Blastocystis sp.) in sampled popu-
lation, which corresponds to adults living in urban areas with lifestyles similar to those in developed countries. We could not account
for the high rates of infection observed because the scope of this study did not include a specific epidemiological focus on associated
causes or factors. Nevertheless, it is known that 72% of SpA patients presented gastrointestinal symptoms, unlike controls, as this was
an exclusion criterion. In light of these findings, it would be very interesting to study water and food samples and even parasites in pets
to determine the origin of these infections.

Table 1
Demographic characteristics of the study population.
Variable SpA patients (n = 74) Healthy controls (n = 57) p value
Age (years)
Median (IQR) 43 (36-51) 38 (29-53) 0.117°
Sex (n - %)
Female 29-39.20 26-45.60 0.271*
Male 45-60.80 31-54.40
Calprotectin (ng/ml)
Median (IQR) 62.3 (43.4-110.0) 45.5 (42.0-68.9) 0.029"
Type of SpA (n - %)
Ankylosing spondylitis (AS) 61-82.43
Female 24-39.30 0.939"
Male 37-60.70
Undifferentiated spondyloarthritis (uSpA) 7-9.45
Female 3-42.90 0.939"
Male 4-57.10
Psoriatic arthritis (PsA) 6-8.11
Female 2-33.30 0.939"
Male 4-66.70
Gastrointestinal symptoms (n - %) 53-71.62
Treatment (n - %)
Biological” 48-64.86 0.342°
Conventional** 26-36.13
Disease activity (n - %)
Clinically active 46-63.90 0.903"
Clinical remission 26-36.10

IQR: interquartile range.
@ Chi square/Fisher’s exact test.
> Mann-Whitney U test.
* Shapiro-Wilk normality test p = 0.001.
* TNFa inhibitor and IL17 inhibitor.
" Methotrexate and sulfasalazine.
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Table 2
Parasites identified in patients with SpA and controls.
Parasites Total SpA patients (n = 74) Healthy controls (n = 57) p value*
n n % n %
Endolimax nana 129 73 98.6 56 98.2 0.701
Blastocystis spp 92 50 67.6 42 73.4 0.209
Entamoeba coli 6 5 6.7 1 1.7 0.344
Entamoeba histolytica 6 4 5.4 2 3.5 0.607
Chilomastix mesnili 4 2 2.7 2 3.5 0.614
Entamoeba dispar/moshkosvki 4 1 1.3 3 5.3 0.241
Giardia intestinalis 3 1 1.3 2 3.5 0.241
Todamoeba biitschlii 1 0 0 1 1.7 0.452
" Fisher’s exact test and Mann-Whitney U test.
Table 3
Subtypes of Blastocystis sp. in SpA patients and healthy controls.

Subtype SpA patients (n) Healthy controls (n) p value*

ST1 6 4 0.270

ST2 5 5 0.714

ST3 5 13 0.065

ST6 1 1 0.802

" Chi squared test and Fisher’s exact test.

60

m Control m SpA

Frequency %

Alleles

Subtypes

Fig. 1. Frequency of Blastocystis sp. subtypes and alleles in spondyloarthritis (SpA) patients and controls. Frequency percentage values are relative
to the total for each group, 23 sequences from controls and 17 sequences from SpA patients.

Regarding subtypes of Blastocystis sp., our results are consistent with previous reports for Colombia and the Americas (Jiménez
et al., 2019). Few studies have described subtypes circulating in humans and animals in Colombia; however, they agree that ST1, ST2
and ST3 subtypes are the most frequent (Ramirez et al., 2016; Ramirez et al., 2014; Higuera et al., 2020a; Sanchez et al., 2017;
Villamizar et al., 2019; Potes-Morales et al., 2020). In this study, one sample from a control and one sample from a SpA patient were
clustered with ST6, which is not frequent in the Americas. Some studies have reported ST6 in human and avian samples (Ramirez et al.,
2016; Oliveira-Arbex et al., 2018; Greige et al., 2018), and it has been described as zoonotic.

Alleles associated with each subtype were also identified. In agreement with previous reports by Ramirez et al., 2014 (Ramirez
etal., 2014), Sanchez et al., 2017 (Sanchez et al., 2017) and Higuera et al., 2020 (Higuera et al., 2020a), allele 4 was identified in ST1
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Fig. 2. Phylogenetic tree of 18S rRNA gene fragment of Blastocystis sp. samples. Constructed with the maximum likelihood method and the Tamura
Nei model. Bootstrap values of >50% are shown for the nodes. Tree was constructed in MEGA X and edited using iTOL v5 (https://itol.embl.de/).
Blastocystis sp. sequences of spondyloarthritis patients are shown in red and those of healthy controls in black. Reference subtype sequences
retrieved from GenBank and ST4 sequence from DNA ATCC used as control are shown in bold type. (For interpretation of the references to colour in
this figure legend, the reader is referred to the web version of this article.)

subtype. Similarly, alleles 12 and 11 were found in ST2, alleles 36 and 34 in ST3 and alleles 122 and 134 in ST6. All these alleles have
been previously reported in Colombia (Ramirez et al., 2014; Higuera et al., 2020a; Sanchez et al., 2017).

Regarding sequence polymorphisms, ST3 was the most homogeneous subtype as no variations or changes were observed in the
sequence compared with that of the reference (DQ232803); this was also observed for ST2 (DQ232805). ST1 subtype showed a high
degree of polymorphisms; since the phylogenetic tree (Fig. 2) shows that this branch was divided into sub-nodes, indicating more
changes compared with reference sequence. These results support other studies that have shown high intra-ST diversity, which is
apparently associated with the ssu-rRNA genetic marker and the geographical region to which the samples belong (Higuera et al.,
2020a; Higuera et al., 2020b).

An association between intestinal and systemic immune disorders and altered composition of gut microbiota has been suggested for
diseases such as SpA (Mauro and Ciccia, 2019). Gut microbiota consists of all microorganisms that colonise the intestine, such as
bacteria, viruses, parasites and fungi. Hence, the purpose of the present study was to investigate intestinal parasites infecting SpA
patients. Its been suggested that Blastocystis sp. may have a modulatory effect on some populations of gut bacterial microbiota (Deng
etal., 2021); however, no definitive conclusion has been reached due to varying results. Some studies have reported that Blastocystis sp.
is associated with a healthy microbiota (Tito et al., 2019; Castaneda et al., 2020), whereas others have linked it to dysbiosis and
gastrointestinal diseases (Nourrisson et al., 2014). In this study, faecal calprotectin was measured in both patients and controls
(Table 1), as intestinal inflammation biomarker. Although faecal calprotectin levels were significantly higher in patients compared to
controls (p = 0.029), it is not related to the presence of Blastocystis, since the prevalence were similar in the two groups.
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There are some limitations in the present study: Although the control group consisted of people without SpA or gastrointestinal
symptoms, presence of other underlying and unknown diseases may have affected the study results. Also, other limitation is not having
included patients without treatment as a group to compare, given the difficulty of finding well-diagnosed patients who do not receive
treatment. Moreover, Blastocystis infection could be underestimated because in vitro culture of samples to promote growth of parasite
was no used. Thus, there may be positive samples that did not undergo PCR and genotyping. Finally, mixed subtypes infections of
Blastocystis cannot be solved because Sanger sequencing of 18S rRNA gene (used in this study) does not allow that discrimination.

The main objective of this study was to assess whether any Blastocystis sp. subtype was particularly associated with patients with
SpA. Although ST1 was the most frequent subtype in this group, no significant results were obtained (p = 0.270).

Our study makes an important contribution to the field of molecular epidemiology, genetic diversity and possible Blastocystis sp.
host—parasite interactions in populations with rheumatic diseases such as SpA, which greatly affect quality of life of general popu-
lation. To the best of our knowledge, no previous studies have analysed Blastocystis sp. subtypes in these pathologies.
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