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Data Summary
Sequencing data can be found on the NIH GenBank sequence read archive under the study SRP520965. The following accession 
numbers correspond to samples used in the study: SRR29890273 – D0, SRR29890272 – D2, SRR29890269 – D3, SRR29890268 – 
D4, SRR29890267 - D5, SRR29890266 – D6, SRR29890265 - D7, SRR29890264 - D8, SRR29890263 – D10. SRR29890262 - D15, 

Abstract

Background. Blastocystis, the most prevalent microbial eukaryote in humans, has a global distribution. Studies have linked its 
presence with distinct gut microbiome and metabolome profiles compared to those where the organism is absent. However, the 
interplay of antibiotic administration, Blastocystis and the surrounding gut microbiome remains understudied. This case study 
aimed to explore antibiotic consumption and the presence of Blastocystis with subsequent changes in the gut microbiome and 
metabolome of an individual diagnosed with irritable bowel syndrome (IBS).

Methods. Stool samples from an IBS patient, collected at 12 time points, were tested for the presence of Blastocystis using real-
time PCR targeting the SSUrRNA gene, followed by sequencing of positive samples. Illumina sequencing determined the gut 
microbiome composition, while one-dimensional proton NMR spectroscopy was used to analyse the metabolome composition. 
Statistical analyses were conducted to identify relationships between antibiotic consumption, bacterial diversity, metabolome 
composition and Blastocystis presence.

Results. Antibiotics significantly impacted the gut microbiome, with diversity declining early in the antibiotic course, then recov-
ering later and post-course. Blastocystis was detected early, late and post-course but was not detectable mid-course, coinciding 
with the decline in bacterial diversity. Significant differences were observed between Blastocystis-positive and Blastocystis-
negative samples, with bacterial composition significantly changing between samples collected before, early and after the 
antibiotic course compared to those collected mid-course. Metabolite groups, including short-chain fatty acids, amino acids 
and succinate, exhibited changes throughout the antibiotic course, indicating that gut metabolite composition is affected by 
antibiotic consumption.

Discussion/Conclusion. While antibiotics did not significantly impact Blastocystis colonization, they did cause a mid-course 
decline in microbial diversity and Blastocystis presence. The study also revealed significant alterations in important metabolites 
such as short-chain fatty acids and amino acids throughout the antibiotic course, with an altered metabolome observed post-
course. This case study underscores the complex interactions between antibiotics, gut microbiota and metabolites, highlighting 
the resilience of Blastocystis in the gut ecosystem.
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SRR29890271 - D30, SRR29890270 - D3M; https://dataview.ncbi.nlm.nih.gov/object/PRJNA1137868?reviewer=pt9tgfhstgcm​
68viduimd1r9gm.

Introduction
The gut microbiome and metabolome are crucial determinants of gastrointestinal (GI) health, and their interactions can be 
better understood by studying them in tandem [1]. This dual approach is particularly important when investigating GI health 
differences across various cohorts or when external factors influence the GI tract. For example, a previous metabolomics study 
using 1H NMR spectroscopy revealed significant differences in stool metabolite composition between individuals with diarrhoea 
and healthy controls and between Blastocystis carriers and non-carriers [2]. Understanding these interactions can provide deeper 
insights into the complex dynamics of gut health and disease.

Blastocystis is a eukaryotic microbe that resides in the GI tract and has a global distribution in a broad range of animal hosts [3, 4]. 
Epidemiological studies and phylogenetic analysis of the small subunit rRNA (SSU rRNA) gene have revealed over 44 different 
subtypes, 12 of which – subtypes 1–9, 12, 16 and 23 – have been identified in human stool samples [5–9]. Blastocystis was initially 
designated as a parasite and linked with irritable bowel syndrome (IBS) and other GI disorders [10, 11]; however, more recent 
studies have indicated a negative correlation between the presence of the organism and GI symptoms [8, 9, 12, 13], muddling 
its association with disease. Blastocystis’ genetic diversity further complicates interpretations, with many studies showing no 
relationship between inter- and intra-subtype diversity and disease [9, 12].

Nonetheless, specific microbial profiles have been associated with the organism. For instance, Blastocystis presence is more 
common in the Ruminococcaceae and Prevotella enterotypes, rather than Bacteroides, and is associated with higher richness 
and diversity, which can be an indicator of good GI health [8, 14, 15]. At the subtype level, Blastocystis ST3 and ST4 have been 
shown to have an inverse relationship with Akkermansia abundance, an indicator of GI health [8]. Whether Blastocystis is a gut 
ecosystem engineer, a simple colonizer or just a passenger is still unknown.

Individuals with IBS have been known to have distinct gut bacterial compositions/profiles compared to their non-IBS counter-
parts, making IBS treatment with antibiotics a potential influencing factor [16–19]. In vivo and in vitro studies have indicated that 
the gut microbiomes of individuals colonized with Blastocystis show a decline in abundance of genera such as Bifidobacterium and 
Lactobacillus [15, 20, 21]. Bifidobacterium has a role in immunomodulation and protection of the GI epithelial cells [20, 22, 23]. 
Therefore, the results of these studies could link Blastocystis to dysbiosis-induced GI symptoms and possibly IBS.

Antibiotic administration has been an effective treatment for some IBS cases and other GI conditions, while metronidazole, 
ciprofloxacin and rifaximin have been effective at decreasing the severity of symptoms in many clinical trials [18, 19, 24–26]. 
However, as our understanding of the gut microbiome’s role in GI health deepens, the impact of antibiotics on gut microbiota 
modulation is receiving closer scrutiny. Several studies have detected significant changes in the gut microbiome composition 
during antibiotic treatment and, occasionally, microbiome recovery after treatment [27–29].

In this case study, we monitored the metabolome and the bacterial gut microbiome composition of a Blastocystis-positive IBS 
patient during a 14-day course of antibiotics. We also analysed Blastocystis presence over this 14-day period and how it is impacted 
by antibiotic treatment. The subject’s gut microbiome and metabolome composition were also analysed following the termination 
of the antibiotic course to monitor microbial diversity recovery after Blastocystis detection.

Methods
Case presentation: participant recruitment and sample collection
The study subject, previously diagnosed with IBS, presented to a hospital in Kent County (South East England) with GI 
symptoms and was put on a 14-day course of antibiotics. These included 500 mg amoxicillin (a third-generation penicillin 
antibiotic) ×2 and 500 mg clarithromycin (a second-generation macrolide antibiotic). Daily doses of 30 mg lansoprazole 
(proton pump inhibitor) ×2 were also prescribed. The subject was in their 40 s (41 to 45) with a Body Mass Index of 29 and a 
mixed diet. The subject was provided with faeces catchers (Zymo Research Cat. No. R1101-1-10) and two types of collection 
tubes, one containing 5 ml DNA/RNA shield (Zymo Research Cat. No. R1100-250) and the other containing 5 ml of 50% 
methanol. Each faecal sample was distributed in the two tubes. Faecal samples were collected just before the commencement 
of the treatment course, then on D2, then once daily for the remainder of the first week and then once on D8, D10 and D15 
(the day after the completion of the course) for the following week. Follow-up samples were then collected at D30 and D3M 
(3 months after course start). The samples were stored in their respective tubes in DNA/RNA shield or methanol at −80 °C.

DNA extraction
Two hundred milligrammes of solid stool stored in DNA/RNA shield or 200 µl liquid stool were added to 200 µl PBS (pH 7.4 
RNAase free). The samples were then centrifuged for 10 min at 10,000 g at room temperature (RT). The pellet was then resuspended 

https://dataview.ncbi.nlm.nih.gov/object/PRJNA1137868?reviewer=pt9tgfhstgcm68viduimd1r9gm
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in the supernatant, and the DNA was extracted using the QIAamp PowerFecal Pro DNA Kit (QIAGEN; Cat. No. 51804) following 
the manufacturer’s protocol, and 50 µl of DNA was eluted.

Blastocystis detection
For Blastocystis detection, a 350 bp region of the SSU rRNA gene was targeted using a reaction mixture of 2 µl DNA, 500 nM 
of primer set PPF1 (fwd) (5′-​AGTA​GTCA​TACG​CTCG​TCTCAAA-3′) and R2PP (rvs) (5′-​TCTTCGTTACCCGTTACTGC-3′) 
and 5 µl SYBR green making a full reaction volume of 10 µl. The quantitative PCR (qPCR) was run on a QuantStudio-3 real-
time PCR machine with the following programme: initial denaturation 95 °C for 5 min, then 45 cycles of initial denaturation 
95 °C for 5 s, annealing 68 °C for 10 s, extension 72 °C 10 s then a final extension of 72 °C for 15 s.

Sequencing and subtype annotation
Bi-directional Sanger sequencing using the set of primers for the qPCR reaction was outsourced to and performed by Eurofins 
(UK). The forward and reverse nucleotide sequences were then assessed and trimmed using SnapGene Viewer Version 6.2.2 
(https://www.snapgene.com/snapgene-viewer). The final trimmed consensus sequences were then used as queries to check for 
contamination using the basic local alignment search tool (blast) from the National Center for Biotechnology Information 
(https://blast.ncbi.nlm.nih.gov/Blast.cgi). Once the identity of the sequence was confirmed as Blastocystis, the subtype was 
assigned using the curated database pubMLST (https://pubmlst.org/organisms/blastocystis-spp).

16S rRNA gene amplicon sequencing
Novogene outsourced the high-throughput amplicon sequencing. The protocol used was based on Caporaso et al. [30] with some 
modifications. One nanogramme of DNA from extracts was used, fragmented and then adapted for paired-end sequencing. The 
DNA was amplified using the primer pair 515F GTGCCAGCMGCCGCGGTAA and 907R ​CCGTCAATTCCTTTGAGTTT, 
which amplifies the hypervariable region and then sequenced on the Illumina NovaSeq platform.

The raw reads were classified using the Lotus2 software [31]. The parameters and tools used are as follows: chimaera checking/
removal was performed using Minimap2 [32], and Minimap2 was also used to look for off-target hits containing human 
DNA ‘contaminated’ reads by performing a blast search of reads against Genome Reference Consortium Human Build 38 .
p14. V3–V4 region trimmed reads were then clustered into ASVs (≤ 1 nucleotide dissimilarity) using the Divisive Amplicon 
Denoising Algorithm 2 [33]. ASVs were taxonomically classified (to species level) using blast against the GreenGenes2 
(GG2) database [34]. GG2 was chosen for its reliability (GG2 is a unified database suitable for whole-genome sequencing 
data and 16S data), as well as replicable results.

Statistical analysis
Statistical analysis and data visualization were done using the RStudio 4.2.3 package; figures were primarily produced using 
ggplot2 [35]. Data were first rarefied to factor in changes in sequencing depth. Relative abundances of each genus were 
calculated in each sample, and a heatmap was constructed. Diversity index values were calculated using the Phyloseq package. 
Shannon, Chao1, Simpson and observed taxa values were used. These four values were analysed for statistical differences 
occurring between the Blastocystis-positive and Blastocystis-negative samples, as well as differences in diversity score between 
the ‘antibiotic positive’ time points (days 4–15) and the ‘antibiotic negative’ time points (day 0, 30 days post-antibiotics and 
3 months post-antibiotics). First, a Shapiro test was used to determine the data distribution to analyse the statistical differ-
ences between the sample groups. Normally distributed data were analysed with the ANOVA test followed by the Tukey 
HSD test for pairwise comparison. For samples with a non-normal distribution, the Kruskal–Wallis test was used, followed 
up by the Dunn test (Bonferroni P-adjust) for pairwise comparisons. The raw diversity index values were also plotted over 
time. To visualize microbiome composition, compositional plots showing all taxa making up >1% of the total read counts 
were produced using the Microbiome package. To look for the presence of ‘bio-markers’ in the Blastocystis-positive samples, 
linear discriminant effect size (LEfSe) analysis was done [36]. LEfSe uses a combination of statistical tests to identify taxa 
whose high/low abundance or the presence/absence allows for the best linear discrimination/explanation of the differ-
ences observed (changes in taxa) between the two groups of samples (Blastocystis +ve/-ve). Principal coordinate analysis 
(PCoA) was also used to determine differences between the Blastocystis +ve/-ve groups based on overall taxa presence and 
distribution. Samples were plotted based on their Bray–Curtis dissimilarity matrix values. Statistical analysis was then done 
using Permutational Analysis of Variance (PERMANOVA) [34] to determine if the ‘centrons’ of each group (Blastocystis 
+ve/-ve) differed significantly in location. Metabolome data were visualized using the RStudio 4.2.3 package [37]. The same 
process was repeated for the metabolite data using Euclidean distances (principal component analysis) and PERMANOVA. A 
volcano plot was constructed using the log-fold changes of metabolites, and those with a significant change were annotated. 
The volcano plot was made using the Metaboanalyst software [38]. Lastly, statistically significant, linear discriminant taxa  

https://www.snapgene.com/snapgene-viewer
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https://pubmlst.org/organisms/blastocystis-spp
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(as confirmed by LEfSe) were subjected to a Spearman’s rank correlation with metabolite data to show interactions between 
the taxa and the metabolome.

Metabolite extraction
Two hundred milligramme solid stool stored in methanol or 200 µl liquid stool was resuspended in 4 ml methanol, and then 200 mg 
glass beads were added and vortexed for 30 s. The samples were then incubated at RT for 3 min and then vortexed for a further 
30 s. The supernatants were then divided into 4×1 m aliquots, centrifuged at 10,000 g at 4 °C for 20 min and then lyophilized. The 
lyophilized desiccates were then resolubilized in 375 µl 10% D2O 1 mM non-deuterated DSS and recombined to make 1.5 ml 
solutions for NMR analysis.

The extracts were run on a 600 MHz Avance III NMR spectrometer (Bruker) with QCI-P cryoprobe at a calibrated tempera-
ture of 298 K to acquire 1D-1H spectra. For each sample, an automated programme was set up on the spectrometer using 
ICON NMR, including measurement of water offset, 90° pulse calibration, locking to D2O, tuning and shimming using an 
excitation sculpting experiment. A 1D-1H-NOESY was run with a mixing time of 100 ms, 512 scans and 8 dummy scans, a 
spectral width of 15.98 p.p.m. (9.59 Hz), 32,768 data points, an acquisition time of 2.27 s and a relaxation delay of 3 s.

The NMR spectra were phased, baseline corrected and had a 1 Hz exponential line broadening window function applied using 
TOPSPIN 3.6.1 (Bruker) software and then exported into Chenomx 8.4. The water resonance peak between 4.56 and 4.97 p.p.m. 
was deleted. The spectral peaks were then fit into the Chenomx library of metabolites using the profiler tool to match the peaks 
to their corresponding metabolites and concentrations.

Metabolites with significantly high abundances and biological importance were divided into four groups: short-chain fatty acids 
(SCFAs), amino acids, sugars and sugar alcohols and other important metabolites. A time course was plotted to show the change 
in abundance of each metabolite throughout the antibiotic course.

Results and discussion
Composition of gut bacterial communities and Blastocystis colonization
Stool samples from days 0, 2, 3, 4, 5, 6, 7, 8, 10, 15, 30 days and 3 months after the start of the antibiotic course were collected, 
screened for Blastocystis presence and processed for 16S rRNA gut microbiome sequencing. Blastocystis ST1 was present in 
samples from D2, D3 and consistently after D8 (Table 1).

For the microbiome analysis, the most abundant genera (defined here as taxa with a mean abundance exceeding 1% of the 
total read count across all samples) from all stool samples were plotted as a compositional plot (Fig. 1). A total of 20 species 
met these criteria. Several genera exhibited patterns of change throughout the antibiotic course, including Phocaeicola_A, 
Escherichia and Enterococcus_B (Fig. 1). The bacterial communities from samples collected 30 days and 3 months after the 
start of the antibiotic course were more similar in taxonomic distribution to those taken at D0–D2 and D10–D15 (Fig. 1). 

Table 1. Blastocystis colonisation of stool samples collected at different dates of the antibiotic course and 30 days and 3 months after the completion 
of the course. + indicates the sample is Blastocystis-positive and – indicates the sample is Blastocystis-negative

Date of antibiotic course Blastocystis +/–

Day 0 −

Day 2 +

Day 3 +

Day 4 −

Day 5 −

Day 6 −

Day 7 −

Day 8 +

Day 10 +

Day 15 +

30 days after the start of the course +

3 months after the start of the course +



5

Newton et al., Access Microbiology 2025;7:000926.v4

The samples collected on D0 and D2 were highly similar to each other. Bacteroides and Phocaeicola (both from the phylum 
Bacteroidota) were the most abundant genera, becoming more dominant during the first week of the course, with their relative 
abundances decreasing in the months following completion of the course (Fig. 1). Phocaeicola emerged as the dominant 
genus, showing an increase in relative abundance during the first 4 days of the course, a slight decrease toward the end and 
a further decline in the months after treatment (Fig. 1). After the antibiotic course, Phocaeicola was no longer the dominant 
genus, with Escherichia and Enterococcus being the most abundant genera at D30 and D3M, respectively (Fig. 1). Blastocystis 
was not detected on D4, D5, D6 and D7 but was observed again from D8 onwards. The presence of Blastocystis coincided 
with the decrease in abundance of Bacteroides and Phocaeicola (Fig. 1). The reduced abundance of Bacteroides in the presence 
of Blastocystis is a consistent finding across studies globally [8, 14, 39–42].

Impact of antibiotic course and Blastocystis colonization on alpha and beta diversity
To measure changes in alpha diversity, we used the Shannon index (which accounts for both evenness and richness), the Chao1 
index (a richness index that considers potentially relevant singleton and doubleton ‘rare taxa’), the Simpson index (which meas-
ures ‘dominance’ or the extent to which a few taxa constitute most of the reads) and the observed taxa index (representing true 
richness). These diversity indices were analysed at the antibiotic-negative stage (pooled data from time points D0, D30, D3M) 
and at the antibiotic-positive stage (pooled data from time points D2, D3, D4, D5, D6, D7, D8, D10 and D15). All four metrics 
decreased during antibiotic administration. Antibiotics have been associated with acute gut microbiota perturbations marked by 
a decrease in taxonomic diversity [42, 43]. When examined using ANOVA/Kruskal–Wallis tests, the changes among Blastocystis 
+ve/-ve samples were significant for the Chao1 index, with observed taxa indices showing P-values of 0.040 and 0.042, respectively, 
indicating an increase in richness in samples from +ve for Blastocystis. Changes between groups for the Shannon and Simpson 
indices were non-significant (Fig. 2a–d).

The diversity metric scores were also plotted individually over time. The Shannon and Simpson diversity metrics decreased 
during the antibiotic course; however, the baseline composition recovered following treatment, although a decreasing trend was 
noted in D3M (Fig. 2a–d). This observation aligns with previous studies in both adults and children whereby core microbiome 
taxa return to their pre-antibiotics abundance [44]. Chao1 and observed taxa showed sharp reductions at D4, D6 and D15. The 
reduction in these two indices on D15 contrasts with the increase in the Shannon diversity score, indicating that the recovery in 
Shannon diversity score towards the end/post-antibiotics course was characterized by a matching reduction in the dominance 
of the microbiome by a handful of taxa. This could be attributed to the elimination of rare taxa by the antibiotics.

To compare changes in the microbial composition of the samples, principal coordinate analysis (PCoA) was conducted 
using the Bray–Curtis dissimilarity matrix and Jaccard distance values (Fig. 3). PERMANOVA was then performed to 
compare changes in centron positions according to Blastocystis colonization status (+ve/-ve) and antibiotic status (+ve/-ve) 
(Fig. 4). The presence of Blastocystis did not have a significant effect on Bray–Curtis or Jaccard distance positions/microbial 
composition of the samples (Fig. 3a, b). However, the presence of antibiotics significantly impacted the samples’ microbial 
composition (Fig. 3c, d). Both the Bray–Curtis and Jaccard distance values showed significantly distant centroids between 
the antibiotic +ve and -ve groups.

Fig. 1. Compositional plots showing the bacterial composition of the gut taxa aggregated to varying taxonomic levels. (a) Species-level. (b) Genus level. 
(c) Family level. Taxa included made up >1% of total read counts, respectively. Taxa abundances are shown as % relative abundance.
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Biomarker analysis of stool samples for Blastocystis colonization
Having shown that increases in diversity metrics occur with the presence of Blastocystis in stool samples, LEfSe was used 
to look for biomarkers of this change (Fig. S2, available in the online Supplementary Material). LEfSE [37] identifies taxa 
whose presence/absence allows for the best discrimination of a sample into one of the two groups, in this case Blasto +ve or 
Blasto -ve [37]. LEfSE employs Kruskal–Wallis tests to determine significant taxa. The effect size of these significant taxa is 
then plotted. An LDA score (effect size) >2 or <–2 is considered a strong effect. Three taxa were significant discriminators for 
Blastocystis-negative samples, namely, an unclassified member of the family Marinifilaceae, Bacteroides thetaiotaomicron and 
Dialister invisus. Sixteen taxa were considered indicative of the Blastocystis-positive group. These taxa consisted of: Alistipes 
putridinsis, Dysosmobacter welbionis, Mediterraneibacter faecis, CAG-177 (member of the family Actualibacteraceae), CAG-273 
(member of the class Clostridia), PeH17 (of the order Christensenellales) and SFLA01 (of the order Oscillospirales), as well 
as unclassified members from the genera Collinsella, Anaerotruncus, Butyricimonas, Angelakisella, Onthomonas, SFEL01 (of 
the order Christensenellales) and DTU012 (of the class Limnochordia). There was also an unclassified member of the order 
Christensenellales and the class Coriobacteriia. Blastocystis has been associated with gut-healthy individuals [13]. The most 
significant bio-marker taxa for Blastocystis-positive samples include Clostridium, a common human gut taxon associated 
with homeostasis (clusters XIVa/IV) [35], and Alistipes, a genus described in 2003 and thought to contain species protective 
against gut inflammation such as colitis [45]. It is intriguing to hypothesize that the presence of Blastocystis and the increased 
abundance of Bifidobacterium longum could indicate that the patient was on their way to recovery. Hence, we urge that future 
microbiome studies focusing on dysbiotic gut should also include Blastocystis.

Metabolite composition during the antibiotic course
The metabolite extracts from the stool samples were subjected to 1D 1H NMR. Based on their chemical properties, four 
groups of metabolites were detected, including SCFAs (Fig. 4a), amino acids (Fig. 4b), sugars and sugar alcohols (Fig. 4c) and 
other relevant metabolites (Fig. 4d). Previous metabolome investigations at a single timepoint on Blastocystis-positive and 
-negative individuals showed a decreased abundance of certain metabolites in the former [2]. Specifically, alanine, glycine, 
histidine, isoleucine, methionine, threonine, tryptophan and valine all decreased, suggesting an anti-inflammatory role of 
Blastocystis. In support of this, significant increases in certain amino acids in the stool of IBD patients have been found [46]. 
Herein, in a time course metabolome of a single individual, all the amino acids, particularly alanine and valine, showed a 
decrease mid-course and recovery towards the end of the course. Moreover, all amino acids but glutamate showed a large 
decrease post-course (Fig. 4b).

Fig. 2. Statistical analysis of diversity scores of samples that were +ve (red) or -ve (blue) for Blastocystis. (a,c,e,g) Diversity analysis of samples taken 
throughout the antibiotics course. (b,d,f,h) Shannon, Simpson, observed (richness), Chao1 scores over time. Kruskal–Wallis H-test and Dunn’s test 
(Bonferroni P-adjust method) or ANOVA and Tukey HSD test were used for statistical analysis (this was based on the normality of the data, determined 
using the Shapiro test). Kruskal–Wallis/ANOVA scores <0.05, indicating significant differences between the groups.



7

Newton et al., Access Microbiology 2025;7:000926.v4

Regarding SCFAs, the abundance of acetate increased throughout the first week of the treatment but decreased during the 
second week and then recovered post-course. Butyrate increased after the first 4 days, decreased on D7 and recovered post-
course. Whether these alterations reflect changes in absorption or loss remains an open question. Cellobiose was the most 
impacted sugar and showed a large increase during the first week and then a decline and recovery during the second week 
(Fig. 4c). Malonate steadily declined for the first 5 days and was undetectable by D6. It then recovered on D7, D8 and D10 but 
became undetectable on D15 and post-course (Fig. 4d). Succinate sharply increased from D1 to D2 and stayed high until D5, 
when it declined again. O-Acetylcholine declined for the first 5 days then recovered on D6 and D7 but disappeared during 
the second week and did not recover post-course. Notably, acetylcholine in the gut plays a role in intestinal homeostasis; 
hence, its disruption could potentially aggravate inflammation [47].

Having observed the changes of the most abundant metabolites in the four groups (in antibiotic +ve/-ve samples), log-fold 
change analysis (Fig. 5) was performed to find metabolites undergoing significant changes in accordance with Blastocystis 

Fig. 3. PCoA plot. Plot shows the positions of each sample (based on their microbiome composition) in a dissimilarity matrix (Bray–Curtis distances), 
different groups are indicated by shape and colour, Blastocystis-ve/antibiotic-ve (blue) and Blastocystis +ve/antibiotic +ve (red). Statistical analysis 
of the different groups’ positions was performed using PERMANOVA. The PERMANOVA P-value>0.05 indicates that there is no significant difference 
between the positions of each group’s centroid.
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Fig. 4. Time course of metabolite abundances of four different groups of metabolites throughout the antibiotic course as well as Blastocystis 
colonization. Colonization status is indicated by the colour Blastocystis -ve (blue) and Blastocystis +ve (red), and metabolites are indicated by shape. (a) 
SCFAs. (b) Amino acids. (c) Sugars and sugar alcohols. (d) Other important metabolites.

Fig. 5. Volcano plot showing the log-fold change of metabolites within the samples; metabolites are coloured according to their increased presence 
(blue) or decreased presence (red) in Blastocystis-positive samples. Named/annotated metabolites are those with a significant P-value of <0.05.
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colonization status. Results were depicted as a volcano plot (Fig. 5). Metabolites with a significant P-value (<0.05) are named/
annotated. Metabolites were coloured according to the direction of their change during Blastocystis colonization (blue, reduc-
tion; red, increase). The volcano plot showed four metabolites undergoing significant reduction in the presence of Blastocystis 
(malate, 2-hydroxyglutarate, 5-aminolevulinate and 3-phenyllactate) and three metabolites exhibiting a significant increase 
in the presence of Blastocystis (ethanol, acetylsalicylate and nicotinate).

Impact of microbial changes and Blastocystis colonization on metabolite composition during the antibiotic 
course
Three taxa, namely Bacteroides thetaiotaomicron, Dialister invisus and the family Marinifilaceae, significantly increased 
in Blastocystis -ve samples (Fig. 6a). The increase in the abundance of Bacteroides thetaiotaomicron and Dialister invisus 
correlated negatively with the abundance of the SCFA propionate (Fig. 6b). Past studies have shown that propionate promotes 
satiety and reduces cholesterol [48, 49], suggesting that the increase in the abundance of these taxa may have a negative 
effect on GI health. In contrast, the amino acids alanine and leucine correlated positively with an increase in the abun-
dances of Bacteroides thetaiotaomicron and Dialister invisus (Fig. 6b), aligning with previous studies [1]. The species SFLA01 
sp004553575 (a member of the order Oscillospirales) and PeH17 sp000435055 (a member of the order Christensenellales), as 
well as members of the genera CAG-273 (a member of the class Clostridia) and CAG-177 (of the family Acutalibacteraceae), 
should be noted that the 16S gene cannot be used to identify species within the genera CAG-273 and 177.

Increased levels of Blastocystis +ve samples (Fig. 6a) correlated with an increase in sugars (e.g. arabinose) and sugar alcohols 
(e.g. xylitol) (Fig. 6b). Arabinose is poorly absorbed by the gut [49]; instead, it is metabolized by gut microbiota as a carbon 
source. Various benefits, such as the reduction of obesity and amelioration of colitis, have been attributed to arabinose. 
However, further research is needed to disentangle its role in the gut and its connection with the presence of Blastocystis. 
Xylitol, a natural sweetener, enhances the synthesis of propionate in the colon through the cross-feeding of gut microbiota 
[50]. Its increase and decrease correlate with the levels of propionate, suggesting that xylitol might be an important component 
in the probiotic health benefits of propionate. Therefore, the interplay between potential host consumption of xylitol, certain 
bacterial taxa and propionate in Blastocystis +ve suggests a potential health benefit.

Conclusions
This case study pilots an approach that integrates antibiotic treatment in an IBS patient, examines the presence of Blastocystis 
and analyses the overall gut microbiome and metabolome. The gut microbial composition was significantly altered by a 
14-day course of a three-antibiotic cocktail, with a notable decline in microbial diversity mid-course. This longitudinal study 
revealed that Blastocystis becomes undetectable at certain time points using the common diagnostic method (qPCR). This 
raises several questions: does the abundance of Blastocystis reach a threshold that is not detectable by qPCR? If so, what 
factors determine this reduction? Are the changes in Blastocystis abundance related to changes in the microbiome and/or 

Fig. 6. Linear discriminant analysis (LDA) effect size (LEfSe) plot at species-level, shown with correlated metabolites. Comparisons are undertaken 
with significant LEfSe taxa for Blastocystis status (+ve/-ve). LEfSe plot LDA scores indicate the presence/increased abundance of each taxon to 
discriminate between two conditions, Blastocystis +ve (red) and Blastocystis -ve (blue). Taxa with LDA scores between −2 and 2 are considered 
insignificant ‘biomarkers’ and are not included in the plot (B/D). Taxa shown to be statistically significant linear discriminants of microbiome data 
were correlated with the metabolomics results. Shown are Spearman’s rank correlations; white stars indicate a significant P-value for the correlation 
(however, Benjamini-Hochberg P-adjust revealed that none of these were significant).
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metabolome of the host? Given these questions, future research should focus on longitudinal studies in larger cohorts. This 
will provide a more comprehensive understanding of Blastocystis as a stable resident of the gut.

Funding information
J.M.N. was supported by a Kent Health studentship and W.J.S.E. by a SoCoBio DTP studentship.

Acknowledgements
We would like to thank the volunteers for participating in this study. Many thanks to the Tsaousis Lab members (2020–2021) for their help and support 
in sample collection and managing this project. We would like to thank Dr Raul Yhossef Tito Tadeo for providing guidance and support on some of the 
analysis.

Author contributions
Conceptualization: A.D.T. Methodology: J.M.N., W.J.S.E. and G.S.T. Software: G.S.T. Validation: G.S.T., W.G. and W.J.S.E. Formal analysis: J.M.N. and W.J.S.E. 
Investigation: J.M.N. and W.J.S.E. Resources: A.D.T. Data curation: J.M.N. and E.G. Writing – original draft preparation: J.M.N. Writing – review and editing: 
A.D.T. and E.G. Supervision: A.D.T. Project administration: A.D.T. Funding acquisition: A.D.T. All authors have read and agreed to the published version 
of the manuscript.

Conflicts of interest
The authors declare that there are no conflicts of interest.

Ethical statement
The study was conducted within the guidelines established in IRAS ethics approvals 274985 and 286641, following a review by an Ethics Committee 
and applying suggested amendments to comply with ethical standards. The UK National Ethic committees of Health Research Authority (HRA) and 
Health and Care Research Wales (HCRW) under the umbrella of the NHS Health Research Authority gave ethical approval for this work. Written 
informed consent was obtained from the participant for participation in the study and for publication of the data.

References
	1.	 Visconti A, Le Roy CI, Rosa F, Rossi N, Martin TC, et al. Interplay 

between the human gut microbiome and host metabolism. Nat 
Commun 2019;10:4505. 

	2.	 Betts EL, Newton JM, Thompson GS, Sarzhanov F, Jinatham V, 
et al. Metabolic fluctuations in the human stool obtained from Blas-
tocystis carriers and non-carriers. Metabolites 2021;11:883. 

	3.	 Tan KSW. Blastocystis in humans and animals: new insights using 
modern methodologies. Vet Parasitol 2004;126:121–144. 

	4.	 Tan KSW. New insights on classification, identification, and 
clinical relevance of Blastocystis spp. Clin Microbiol Rev 
2008;21:639–665. 

	5.	 Skotarczak B. Genetic diversity and pathogenicity of Blastocystis. 
Ann Agric Environ Med 2018;25:411–416. 

	6.	 Kamaruddin SK, Mat Yusof A, Mohammad M. Prevalence and 
subtype distribution of Blastocystis sp. in cattle from Pahang, 
Malaysia. Trop Biomed 2020;37:127–141.

	7.	 Maloney JG, Molokin A, Seguí R, Maravilla P, Martínez-Hernández F, 
et  al. Identification and molecular characterization of four new 
Blastocystis subtypes designated ST35-ST38. Microorganisms 
2023;11:46. 

	8.	 Tito RY, Chaffron S, Caenepeel C, Lima-Mendez G, Wang J, et al. 
Population-level analysis of Blastocystis subtype prevalence and 
variation in the human gut microbiota. Gut 2019;68:1180–1189. 

	9.	 Kim MJ, Won EJ, Kim SH, Shin JH, Chai JY. Molecular detection 
and subtyping of human Blastocystis and the clinical implications: 
comparisons between diarrheal and non-diarrheal groups in 
Korean populations. Korean J Parasitol 2020;58:321–326. 

	10.	 Stensvold CR, Lewis HC, Hammerum AM, Porsbo LJ, Nielsen SS, 
et  al. Blastocystis: unravelling potential risk factors and clinical 
significance of a common but neglected parasite. Epidemiol Infect 
2009;137:1655–1663. 

	11.	 Abdulsalam AM, Ithoi I, Al-Mekhlafi HM, Khan AH, Ahmed A, et al. 
Prevalence, predictors and clinical significance of Blastocystis sp. 
in Sebha, Libya. Parasit Vectors 2013;6:86. 

	12.	 Alinaghizade A, Mirjalali H, Mohebali M, Stensvold CR, Rezaeian M. 
Inter- and intra-subtype variation of Blastocystis subtypes isolated 
from diarrheic and non-diarrheic patients in Iran. Infect Genet Evol 
2017;50:77–82. 

	13.	 Piperni E, Nguyen LH, Manghi P, Kim H, Pasolli E, et  al. Intes-
tinal Blastocystis is linked to healthier diets and more favorable 

cardiometabolic outcomes in 56,989 individuals from 32 countries. 
Cell 2024;187:4554–4570. 

	14.	 Forsell J, Bengtsson-Palme J, Angelin M, Johansson A, Evengård B, 
et al. The relation between Blastocystis and the intestinal micro-
biota in Swedish travellers. BMC Microbiol 2017;17:231. 

	15.	 Kodio A, Coulibaly D, Koné AK, Konaté S, Doumbo S, et al. Blas-
tocystis colonization is associated with increased diversity and 
altered gut bacterial communities in Healthy Malian Children. 
Microorganisms 2019;7:1–12. 

	16.	 Glassner KL, Abraham BP, Quigley EMM. The microbiome 
and inflammatory bowel disease. J Allergy Clin Immunol 
2020;145:16–27. 

	17.	 Milani C, Duranti S, Bottacini F, Casey E, Turroni F, et al. The first 
microbial colonizers of the human gut: composition, activities, and 
health implications of the infant gut microbiota. Microbiol Mol Biol 
Rev 2017;81:4. 

	18.	 Rutgeerts P, Hiele M, Geboes K, Peeters M, Penninckx  
F, et  al. Controlled trial of metronidazole treatment for preven-
tion of Crohn’s recurrence after ileal resection. Gastroenterology 
1995;108:1617–1621. 

	19.	 Glick LR, Sossenheimer PH, Ollech JE, Cohen RD, Hyman NH, et al. 
Low-dose metronidazole is associated with a decreased rate of 
endoscopic recurrence of Crohn’s disease after ileal resection: a 
retrospective cohort study. J Crohns Colitis 2019;13:1158–1162. 

	20.	 Yason JA, Liang YR, Png CW, Zhang Y, Tan KSW. Interactions 
between a pathogenic Blastocystis subtype and gut microbiota: in 
vitro and in vivo studies. Microbiome 2019;7:30. 

	21.	 Audebert C, Even G, Cian A, Blastocystis Investigation Group, 
Loywick A, et al. Colonization with the enteric protozoa Blastocystis 
is associated with increased diversity of human gut bacterial 
microbiota. Sci Rep 2016;6:25255. 

	22.	 Li H, Xie J, Guo X, Yang G, Cai B, et al. Bifidobacterium spp. and their 
metabolite lactate protect against acute pancreatitis via inhibition 
of pancreatic and systemic inflammatory responses. Gut Microbes 
2022;14:2127456. 

	23.	 Sivan A, Corrales L, Hubert N, Williams JB, Aquino-Michaels K, 
et  al. Commensal Bifidobacterium promotes antitumor immunity 
and facilitates anti-PD-L1 efficacy. Science 2015;350:1084–1089. 

	24.	 Thia KT, Mahadevan U, Feagan BG, Wong C, Cockeram A, et al. Cipro-
floxacin or metronidazole for the treatment of perianal fistulas 
in patients with Crohn’s disease: a randomized, double-blind, 
placebo-controlled pilot study. Inflamm Bowel Dis 2009;15:17–24. 



11

Newton et al., Access Microbiology 2025;7:000926.v4

	25.	 Shen B, Achkar JP, Lashner BA, Ormsby AH, Remzi FH, et  al. A 
randomized clinical trial of ciprofloxacin and metronidazole to 
treat acute pouchitis. Inflamm Bowel Dis 2001;7:301–305. 

	26.	 Lacy BE, Chang L, Rao SSC, Heimanson Z, Sayuk GS. Rifaximin 
treatment for individual and multiple symptoms of irritable bowel 
syndrome with diarrhea: an analysis using new end points. Clin 
Ther 2023;45:198–209. 

	27.	 Willmann M, Vehreschild MJGT, Biehl LM, Vogel W, Dörfel D, et al. 
Distinct impact of antibiotics on the gut microbiome and resistome: 
a longitudinal multicenter cohort study. BMC Biol 2019;17:76. 

	28.	 Reyman M, van Houten MA, Watson RL, Chu MLJN, Arp K, et  al. 
Effects of early-life antibiotics on the developing infant gut 
microbiome and resistome: a randomized trial. Nat Commun 
2022;13:893. 

	29.	 Nogueira T, David PHC, Pothier J. Antibiotics as both friends and 
foes of the human gut microbiome: the microbial community 
approach. Drug Dev Res 2019;80:86–97. 

	30.	 Caporaso JG, Lauber CL, Walters WA, Berg-Lyons D, Lozupone CA, 
et al. Global patterns of 16S rRNA diversity at a depth of millions 
of sequences per sample. Proc Natl Acad Sci U S A 2011;108 Suppl 
1:4516–4522. 

	31.	 Özkurt E, Fritscher J, Soranzo N, Ng DYK, Davey RP, et al. LotuS2: 
an ultrafast and highly accurate tool for amplicon sequencing 
analysis. Microbiome 2022;10:176. 

	32.	 Li H. Minimap2: pairwise alignment for nucleotide sequences. 
Bioinformatics 2018;34:3094–3100. 

	33.	 Callahan BJ, McMurdie PJ, Rosen MJ, Han AW, Johnson AJA, et al. 
DADA2: high-resolution sample inference from Illumina amplicon 
data. Nat Methods 2016;13:581–583. 

	34.	 DeSantis TZ, Hugenholtz P, Larsen N, Rojas M, Brodie EL, et  al. 
Greengenes, a chimera-checked 16S rRNA gene database 
and workbench compatible with ARB. Appl Environ Microbiol 
2006;72:5069–5072. 

	35.	 Guo P, Zhang K, Ma X, He P. Clostridium species as probiotics: 
potentials and challenges. J Anim Sci Biotechnol 2020;11:24. 

	36.	 Segata N, Izard J, Waldron L, Gevers D, Miropolsky L, et  al. 
Metagenomic biomarker discovery and explanation. Genome Biol 
2011;12:6. 

	37.	 Wickham H. ggplot2: elegant graphics for data analysis. 2nd edn. 
Springer-Verlag New York, 2016. 

	38.	 Xia J, Psychogios N, Young N, Wishart DS. MetaboAnalyst: a web 
server for metabolomic data analysis and interpretation. Nucleic 
Acids Res 2009;37:W652–60. 

	39.	 Beghini F, Pasolli E, Truong TD, Putignani L, Cacciò SM, et  al. 
Large-scale comparative metagenomics of Blastocystis, a 
common member of the human gut microbiome. ISME J 
2017;11:2848–2863. 

	40.	 Gabrielli S, Furzi F, Fontanelli Sulekova L, Taliani G, Mattiucci S. 
Occurrence of Blastocystis-subtypes in patients from Italy revealed 
association of ST3 with a healthy gut microbiota. Parasite Epide-
miol Control 2020;9:e00134. 

	41.	 O’Brien Andersen L, Karim AB, Roager HM, Vigsnæs LK, 
Krogfelt KA, et al. Associations between common intestinal para-
sites and bacteria in humans as revealed by qPCR. Eur J Clin Micro-
biol Infect Dis 2016;35:1427–1431. 

	42.	 Rajamanikam A, Isa MNM, Samudi C, Devaraj S, Govind SK. Gut 
bacteria influence Blastocystis sp. phenotypes and may trigger 
pathogenicity. PLoS Negl Trop Dis 2023;17:e0011170. 

	43.	 McDonnell L, Gilkes A, Ashworth M, Rowland V, Harries TH, et al. 
Association between antibiotics and gut microbiome dysbiosis 
in children: systematic review and meta-analysis. Gut Microbes 
2021;13:1–18. 

	44.	 Anthony WE, Wang B, Sukhum KV, D’Souza AW, Hink T, et  al. 
Acute and persistent effects of commonly used antibiotics on 
the gut microbiome and resistome in healthy adults. Cell Rep 
2022;39:110649. 

	45.	 Parker BJ, Wearsch PA, Veloo ACM, Rodriguez-Palacios A. 
The genus Alistipes: gut bacteria with emerging implications 
to inflammation, cancer, and mental health. Front Immunol 
2020;11:906. 

	46.	 Bosch S, Struys EA, van Gaal N, Bakkali A, Jansen EW, et al. Fecal 
amino acid analysis can discriminate de novo treatment-naïve 
pediatric inflammatory bowel disease from controls. J Pediatr 
Gastroenterol Nutr 2018;66:773–778. 

	47.	 Uwada J, Nakazawa H, Muramatsu I, Masuoka T, Yazawa T. Role of 
muscarinic acetylcholine receptors in intestinal epithelial homeo-
stasis: insights for the treatment of inflammatory bowel disease. 
IJMS 2023;24:6508. 

	48.	 Morrison DJ, Preston T. Formation of short chain fatty acids by 
the gut microbiota and their impact on human metabolism. Gut 
Microbes 2016;7:189–200. 

	49.	 Louis P, Flint HJ. Formation of propionate and butyrate by the 
human colonic microbiota. Environ Microbiol 2017;19:29–41. 

	50.	 Xiang S, Ye K, Li M, Ying J, Wang H, et al. Xylitol enhances synthesis 
of propionate in the colon via cross-feeding of gut microbiota. 
Microbiome 2021;9:62. 

The Microbiology Society is a membership charity and not-for-profit publisher.

Your submissions to our titles support the community – ensuring that 
we continue to provide events, grants and professional development for 

microbiologists at all career stages.

Find out more and submit your article at microbiologyresearch.org


