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INTRODUCTION

BLASTOCYSTIS is one of the most common intes-
tinal microeukaryotes in humans and animals world-
wide. It has a fecal-oral transmission route and may be 
spread through contaminated food and water (Hublin 
et al., 2021). Infection with Blastocystis has been associ-
ated with a variety of symptoms in humans, including di-
arrhea, abdominal pain, urticaria (hives), irritable bowel 

syndrome, and in rare instances, invasive infection 
(Bahrami et al., 2020; Cifre et al., 2018; Fréalle et al., 2015; 
Tan,  2008). Asymptomatic infections are common and 
may be either acute or chronic in both humans and other 
animals (Hernández-Castro, Dashti, et al., 2023; Santin 
et al.,  2023). However, factors that determine infection 
outcomes are not yet defined.

Blastocystis is divided into subtypes (STs) based on 
full-length sequences of the small subunit ribosomal 
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Abstract
The Blastocystis subtype ST10 has been recognized to contain a great deal of 
diversity at the sequence level, potentially indicating the presence of multiple 
new STs within the clade. However, the data needed to validate these new STs 
were not available. To help resolve this diversity, full-length small subunit 
(SSU) rRNA gene reference sequences were generated using Oxford Nanopore 
MinION long-read sequencing from 21 samples representing multiple domestic 
and wild hosts and geographic regions and covering the sequence diversity 
previously described using fragments of the SSU rRNA gene. Phylogenetic and 
pairwise distance analyses were used to compare full-length sequences of the 
SSU rRNA gene generated in this study with all other valid STs of Blastocystis. 
We present data supporting the division of ST10/ST23 cluster into five subtypes, 
ST10, ST23, and three new subtypes with the proposed ST designations of ST42, 
ST43, and ST44. As the host range of Blastocystis continues to expand with new 
subtypes and new hosts being frequently identified, the reference sequences 
provided in this study will assist in accurate sequence classification and help to 
clarify the epidemiology of this common intestinal microeukaryote.
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RNA (SSU rRNA) gene; genetic diversity within the 
Blastocystis species complex at this locus is high. Cur-
rently, 37 subtypes have been established from humans 
and other avian and mammalian species with ST1-ST17, 
ST21, and ST23-ST41 considered valid STs (Hernández-
Castro, Maloney, et al., 2023; Maloney et al., 2023; Ma-
loney & Santin, 2021; Stensvold et al., 2023; Stensvold & 
Clark, 2020; Yu et al., 2023). Blastocystis SSU rRNA gene 
sequence variants isolated from poikilothermic species 
are not currently included in the Blastocystis subtyping 
system (Stensvold et al., 2007).

As full-length Blastocystis SSU rRNA gene sequences 
are produced from more hosts around the world, it has 
assisted in clarifying the status of sequence variants that 
were originally classified using partial gene regions or 
incomplete data (Maloney & Santin,  2021). For exam-
ple, the availability of a full-length SSU rRNA gene se-
quence for ST24 has assisted in identifying a sequence 
from a mouflon (Ovis orientalis musimon) previously 
identified as ST14 that should, in fact, be classified as 
ST24 (Stensvold et al., 2023). Such misclassifications ap-
pear to be common in GenBank and occur when partial 
gene sequences are originally incorrectly assigned to a 
given ST and then used in future reports in the classifi-
cation of new gene sequences via BLAST, perpetuating 
misclassifications. Thus, full-length reference sequences 
are proving essential in the accurate naming and identi-
fication of Blastocystis STs.

In recent studies of Blastocystis ST diversity among 
wild and domestic ruminant species, it has been observed 
that wide genetic variation exists within ST10 (Higuera 
et al.,  2021; Maloney et al.,  2021; Maloney, Lombard, 
et al.,  2019; Maloney, Molokin, & Santin,  2019; San-
tin et al.,  2023; Stensvold et al.,  2023). In fact, current 
data suggest that ST10 likely should be divided into at 
least two different subtypes (Santin et al.,  2023; Stens-
vold et al., 2023). However, a comprehensive analysis of 
full-length reference sequences to confirm the validity of 
potential new subtypes has not been performed within 
the ST10 clade. In the present study, Oxford Nanopore 
sequencing was used to produce full-length SSU rRNA 
gene reference sequences from 21 isolates known to con-
tain sequence variants representing potentially novel 
subtypes within the ST10 clade. Then, full-length se-
quences produced in this study were compared to other 
full-length reference sequences classified as ST10 to de-
termine the support for the division of ST10 into multiple 
valid subtypes and subgroups.

M ATERI A LS A N D M ETHODS

Source of Blastocystis isolates

Twenty-one DNA samples containing Blastocystis ob-
tained from livestock, cattle (Bos taurus), goat (Capra hir-
cus), and sheep (Ovis aries) and wildlife, red deer (Cervus 

elaphus) and roe deer (Capreolus capreolus) fecal isolates 
were used in this study (Table  1). Prior to inclusion in 
the study, all samples were screened for the presence of 
sequence variants within the ST10 clade using a next 
generation sequencing protocol as previously described 
(Maloney, Molokin, & Santin, 2019).

PCR amplification, sequencing, and 
bioinformatic analysis to generate Blastocystis 
full-length SSU rRNA gene sequences

Samples containing ST10 and potentially novel genetic 
variants of Blastocystis were subjected to a Nanopore 
sequencing strategy previously described, with minor 
modifications, to obtain the full-length nucleotide se-
quence of the SSU rRNA gene (Maloney et al., 2020). 
Briefly, PCR was performed using the MinION-tailed 
primers forward (5′-TTT CTG TTG GTG CTG ATA 
TTG C AAC CTG GTT GAT CCT GCC AGT AGT 
C-3′) and reverse (5′-ACT TGC CTG TCG CTC TAT 
CTT C TGA TCC TTC TGC AGG TTC ACC TAC 
G-3′) (MinION adapter nucleotide sequences under-
lined), which amplify most eukaryotic organisms' full-
length SSU rRNA gene sequence, and the high-fidelity 
proofreading polymerase contained in KAPA HiFi 
HotStart ReadyMix (KAPA BioSystems). Cycling con-
ditions included initial denaturation at 98°C for 5 min, 
followed by 35 cycles of amplification (20 s at 98°C, 
45 s at 60°C, and 90 s at 72°C), and a final extension 
at 72°C for 5 min. PCR amplicons were purified using 
a 0.5× AMPure XP beads (Beckman Coulter) to sam-
ple ratio and quantified on a Qubit f luorimeter (Ther-
moFisher Scientific). Nanopore sequencing libraries 
were prepared using the Oxford Nanopore Technolo-
gies (ONT) SQK-LSK112/114 Ligation Sequencing Kits 
and EXP-PBC001 PCR Barcoding Kit (ONT) follow-
ing the manufacturer's protocol for Ligation Sequenc-
ing Amplicons—PCR Barcoding (SQK-LSK112/114 
with EXP-PBC001). Final libraries were loaded onto 
FLO-MIN112/114) f low cells and sequenced on a Min-
ION Mk1C.

Basecalling was performed using Guppy v6.1.2 and 
the super accuracy model. FASTQ reads were length 
filtered to retain reads between 1600 and 2000 nucleo-
tides and then aligned against NCBI's nt database using 
megablast (blast+ v2.13.0). Reads with best hits to Blas-
tocystis references were extracted. MinION adapter 
sequences were trimmed, and only reads containing in-
tact forward and reverse primers were kept. Reads were 
dereplicated and clustered using VSEARCH (vsearch 
v2.15.1) at a 98%–99% identity threshold and checked 
for chimeras. Clusters were then polished with Medaka 
v1.6.0 and reclustered once more. The full-length nucle-
otide sequences of the SSU rRNA gene generated were 
deposited in GenBank under the accession numbers 
OR117623-OR117713.
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Phylogenetic analysis

A phylogenetic tree was generated using (1) full-length 
SSU rRNA gene nucleotide sequences obtained in this 
study; (2) full-length Blastocystis reference nucleotide 
sequences for all currently validated STs obtained from 
GenBank; and (3) full-length Proteromonas lacertae, a 
Stramenopile (which is closely related to Blastocystis) 
as an outgroup (Table  2). Sequences were aligned with 
the Clustal W algorithm using MEGA 11, and the phy-
logenetic tree was artificially rooted using P. lacertae 
as an outgroup. Phylogenetic analyses were performed 
using the neighbor-joining (NJ) and Maximum Likeli-
hood (ML) methods, and pairwise distances calculated 
with the Kimura 2-parameter model using MEGA 11. 
All ambiguous positions were removed for each sequence 
pair (pairwise deletion option). There were a total of 1982 
positions in the final dataset. Bootstrapping with 1000 
replicates was used to determine support for the clades 
generated.

RESU LTS

To determine if full-length SSU rRNA gene sequences 
supported the reclassification of sequences classified 
as ST10 based on partial gene sequence, a nanopore 
sequencing strategy was used to obtain full-length se-
quences of the SSU rRNA gene from 21 samples that 
contained ST10 subgroup sequences based on Illumina 
sequencing. Detection of mixed subtypes was common 
among the samples. A total of 91 full-length sequences 
were obtained from the 21 Blastocystis-positive samples 
representing ST10 subgroups previously described as 
ST10a (8 sequences), ST10b (8 sequences), ST10c (7 se-
quences), ST10d (7 sequences), and ST10e (5 sequences), 
an unpublished subgroup ST10f (6 sequences), ST14 (6 
sequences), ST21 (5 sequences), ST23 (4 sequences), ST24 
(ST24a, 6 sequences; ST24b, 6 sequences; ST24c, 2 se-
quences), ST25 (9 sequences), ST26 (9 sequences), and 
ST30 (3 sequences) (Table 1). Additionally, all previously 
published full-length references of ST10a, ST10b, ST10c, 

TA B L E  1   Blastocystis specimens used in this study including host, geographic origin, and subtype(s) identified.

Isolate ID Host Location Subtype(s) identified (GenBank accession number/s)a

2691 16m Cattle USA ST10a (OR117623)/ST25 (OR117685)/ST26 (OR117694)/ST42a (OR117628)

2696 8m Cattle USA ST14 (OR117668)/ST24a (OR117675)/ST42a (OR117627)/ST44 (OR117624)

2818 5m1 Cattle USA ST44 (OR117625)

2696 18m Cattle USA ST25 (OR117686)/ST26 (OR117695)/ST42a (OR117626)

2691 24m Cattle USA ST42a (OR117629)

2695 17m Cattle USA ST26 (OR117696)/ST42a (OR117630)

2695 18m Cattle USA ST25 (OR117687)/ST26 (OR117697)/ST42b (OR117631)

2697 24m Cattle USA ST25 (OR117688)/ST26 (OR117698)/ST42b (OR117632)

P423 Cattle Portugal ST25 (OR117705)/ST26 (OR117706)/ST42b (OR117655)

P428 Cattle Portugal ST42b (OR117656)

P431 Cattle Portugal ST42b (OR117637)/ST21 (OR117707)

P529 Cattle Portugal ST42a (OR117654)

P445 Goat Portugal ST10a (OR117633)/ST10b (OR117640)/ST14 (OR117669)/ST21 (OR117672)/ST23 
(OR117666)/ST24b (OR117681)/ST26 (OR117699)/ST43 (OR117658)/ST44 (OR117648)

P446 Goat Portugal ST10a (OR117634)/ST10b (OR117641)/ST23 (OR117667)/ST24a (OR117676)/ST24b 
(OR117682)/ST24c (OR117679)/ST25 (OR117689)/ST30 (OR117702)/ST43 (OR117659)/
ST44 (OR117649)

S282 Red deer Spain ST25 (OR117690)/ST42a (OR117653)

P458 Roe deer Portugal ST10b (OR117642)

P508 Sheep Portugal ST10a (OR117635)/ST10b (OR117643)/ST21 (OR117691)

P510 Sheep Portugal ST10a (OR117636)/ST10b (OR117644)/ST14 (OR117670)/ST21 (OR117673)/ST24a 
(OR117677)/ST24b (OR117684)/ST23 (OR117665)/ST25 (OR117692)/ST26 (OR117700)/
ST30 (OR117703)/ST43 (OR117660)/ST44 (OR117650)

P516 Sheep Portugal ST10a (OR117637)/ST10b (OR117645)/ST14 (OR117671)/ST21 (OR117674)/ST23 
(OR117664)/ST24a (OR117678)/ST24c (OR117680)/ST25 (OR117693)/ST26 (OR117701)/
ST30 (OR117704)/ST43 (OR117661)/ST44 (OR117651)

P531 Sheep Portugal ST10a (OR117638)/ST10b (OR117646)/ST14 (OR117708)/ST24a (OR117710)/ST24b 
(OR117709)/ST43 (OR117662)/ST44 (OR117652)

P534 Sheep Portugal ST10a (OR117639)/ST10b (OR117647)/ST14 (OR117711)/ST24a (OR117713)/ST24b 
(OR117712)/ST43 (OR117663)

aST42a, ST42b, and ST44 were previously reported as ST10d, ST10e, and ST10c, respectively.

 15507408, 2024, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jeu.12998 by R

eadcube (L
abtiva Inc.), W

iley O
nline L

ibrary on [04/06/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



4 of 10  |      SANTIN et al.

TA B L E  2   Blastocystis full-length SSU rRNA gene nucleotide sequences used in the construction of phylogenetic trees including 
information on host, country of origin, and GenBank accession number associated with each sequence. Bold denotes sequences obtained in 
this study.

Subtype Subgroup Host Country GenBank accession no.

ST1 Human USA MT898451

ST2 NHP Japan AB070997

ST3 Human N/A AB091234

ST4 Human Spain MT898453

ST5 Pig Japan AB070998

ST6 Chicken Brazil MW538478

ST7 Chicken Brazil MW538476

ST8 NHP Japan AB107970

ST9 Human Denmark KC138681

ST10 a Goat Colombia MZ265404

Muskox Greenland OM883870

Sheep Greenland OM883871

Cattle USA OR117623

Goat Portugal OR117633

Goat Portugal OR117634

Sheep Portugal OR117635

Sheep Portugal OR117636

Sheep Portugal OR117637

Sheep Portugal OR117638

Sheep Portugal OR117639

b Cattle USA MT898456

Cattle USA MT898457

Dromedary Libya KC148207

Goat Portugal OR117640

Goat Portugal OR117641

Roe deer Portugal OR117642

Sheep Portugal OR117643

Sheep Portugal OR117644

Sheep Portugal OR117645

Sheep Portugal OR117646

Sheep Portugal OR117647

ST11 Elephant USA MT898454

ST12 Marsupial N/A EU427515

ST13 Mouse deer UK KC148209

ST14 Cattle USA MT898458

ST15 NHP UK KC148211

ST16 Marsupial N/A EU427514

ST17 Gundi Libya KC148208

ST21 White-tailed deer USA MW887929

ST23 Cattle USA MW887931

Goat Colombia MZ265406

Sheep Portugal OR117664

Sheep Portugal OR117665

Goat Portugal OR117666

Goat Portugal OR117667

ST24 White-tailed deer USA MW887928

ST25 Cattle USA MW887933
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Subtype Subgroup Host Country GenBank accession no.

ST26 Cattle USA MW887932

ST27 Indian peafowl Brazil MW887934

ST28 Indian peafowl Brazil MW887935

ST29 Chicken Brazil MW538473

ST30 White-tailed deer USA MZ267674

ST31 White-tailed deer USA MZ267676

ST32 Goat Colombia MZ265403

ST33 Horse Colombia ON932569

ST34 Horse Colombia ON932571

ST35 Human Brazil OP720870

ST36 Bat Mexico OP720871

ST37 Heteromyd Mexico OP720872

ST38 Water vole UK OP720869

ST39 NHP China OP563846

ST40 Muskox Greenland OM885776

ST41 Human Colombia OQ703608

ST42 aa Cattle USA OR117626

Cattle USA OR117627

Cattle USA OR117628

Cattle USA OR117629

Cattle USA OR117630

Red deer Spain OR117653

Cattle Portugal OR117654

bb Cattle USA OR117631

Cattle USA OR117632

Cattle Portugal OR117655

Cattle Portugal OR117656

Cattle Portugal OR117657

ST43 Goat Portugal OR117658

Goat Portugal OR117659

Sheep Portugal OR117660

Sheep Portugal OR117661

Sheep Portugal OR117662

Sheep Portugal OR117663

ST44c White-tailed deer USA MZ267675

White-tailed deer USA MZ267679

Sheep Greenland OM883872

Cattle USA OR117624

Cattle USA OR117625

Goat Portugal OR117648

Goat Portugal OR117649

Sheep Portugal OR117650

Sheep Portugal OR117651

Sheep Portugal OR117652

Note: N/A, not available; NHP, non-human primate.
aPreviously reported as ST10d.
bPreviously reported as ST10e.
cPreviously reported as ST10c.

TA B L E  2   (Continued)
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and ST23 currently available in GenBank were used in 
the analyses performed in the present study (Table 2).

To assess the relationship between sequences gen-
erated in this study and available references for all 
other accepted Blastocystis STs (ST1-ST17, ST21, and 
ST23-ST41), phylogenetic and pairwise distance anal-
yses were performed for the full-length sequences of 
the SSU rRNA gene (Figures  1–3, and Figure  S1). Se-
quences previously classified as ST10 formed a clade 
that includes ST23 (Figure 1 and Figure S1). Within the 
ST10/ST23 clade, several distinct clusters are formed, 
which included sequences previously classified as ST10 
subgroups (Figure 2). ST10a and ST10b cluster together 
and share a branch with ST10f. ST10c and ST23 branch 
basely to the clade formed by ST10a, ST10b, and ST10f. 
ST10d and ST10e cluster together on a separate branch 
from any other ST10 subgroup or ST23 (Figure 2).

Pairwise distance analysis was performed to evalu-
ate sequence similarity between sequences classified as 
ST10 subgroups and ST23 (Figure 3). Shared sequence 
identity within the ST10/ST23 clade ranged from 96% 
to 99%. Sequences previously classified as ST10d and 
ST10e shared 99% sequence identity with each other 
but differed from any other ST10 or ST23 sequence by 
3%–4% across the full-length of the SSU rRNA gene 
(Figure  3). ST10a and ST10b shared 99% sequence 
identity with each other and 98% sequence identity 
with ST10c and ST10f. ST10a shared 97% sequence 
identity with ST23, while ST10b shared 98% sequence 
identity with ST23. ST23, ST10c, and ST10f also shared 
98% sequence identity in the pairwise distance analysis 
of full-length reference sequences.

ST10a and ST10b share 99% sequence identity; thus, 
dividing these ST10 subgroups is not supported based on 
sequence level differences (Figure  3). Since the ST10a/
ST10b clade contains the first full-length reference se-
quence to be classified as ST10, we suggest that this clade 
retain the subtype designation ST10. We also suggest the 
continued use of subgroup designations ST10a and ST10b 
to differentiate the sequence variants within this clade. 
Similarly, ST10d and ST10e share over 99% sequence 
identity across the full-length of the SSU rRNA gene; 
thus, dividing these ST10 subgroups is not supported 
based on sequence level differences. However, the ST10d 
and ST10e sequences vary from any other ST10 subgroup 
and ST23 by 3% or more, supporting the classification of 
these sequences as a new subtype. We propose assigning 
the subtype designation ST42 to the ST10d/ST10e clade 

(Figure  4). Additionally, we suggest the use of a sub-
grouping system within this new subtype. ST10d will be 
classified as ST42a and ST10e as ST42b (Figure 4). ST10c 

F I G U R E  1   Phylogenetic relationships among Blastocystis 
full-length SSU rRNA gene nucleotide sequences generated in the 
present study (represented with a filled triangle), representative 
reference sequences of the accepted subtypes (Table 1), and 
Proteromonas lacertae used as outgroup taxon to artificially root the 
tree. Analysis was inferred using the neighbor-joining method with 
genetic distances calculated using the Kimura 2-parameter model. 
This analysis involved 92 nucleotide sequences, and there were a 
total of 1982 positions in the final dataset. Bootstrap values lower 
than 75% are not displayed.
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      |  7 of 10BLASTOCYSTIS ST10 SPLIT INTO ST42-ST44

F I G U R E  2   Subtree from Figure 1 showing phylogenetic relationships among Blastocystis full-length SSU rRNA gene for subtypes ST10a, 
ST10b, ST23, ST42a, ST42b, ST43, and ST44. Nucleotide sequences generated in the present study are represented with a filled dark blue, 
green, purple, orange, brown, pink, and light blue triangles for ST10a, ST10b, ST43, ST44, ST23, ST42a, and ST42b, respectively. All full-length 
reference sequences available in GenBank for subtypes ST10a (unfilled dark blue triangle), ST10b (unfilled green triangle), ST23 (unfilled 
brown triangle), and ST44 (unfilled orange) triangle are also represented. Bootstrap values lower than 75% are not displayed.

 15507408, 2024, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jeu.12998 by R

eadcube (L
abtiva Inc.), W

iley O
nline L

ibrary on [04/06/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



8 of 10  |      SANTIN et al.

and ST10f full-length sequences vary from any other ST 
by at least 2%, supporting the classification of two new 
subtypes. The subtype designation ST43 and ST44 will 
be assigned to ST10f and ST10c, respectively (Figure 4).

DISCUSSION

It has been noted that there is considerable diversity among 
the SSU rRNA sequences reported as Blastocystis ST10 
(Higuera et al., 2021; Maloney et al., 2021; Maloney, Lom-
bard, et al., 2019; Maloney, Molokin, & Santin, 2019; San-
tin et al., 2023; Stensvold et al., 2023). However, additional 
data were needed to validate these sequence variants as 
new subtypes. By applying a MinION-based sequencing 
strategy that produces near full-length sequences of the 
SSU rRNA gene in 21 samples selected from domestic 
and wild ruminants from different geographical origins, 
we have produced reference sequences of Blastocystis 
ST10 variants with the potential to be new subtypes. Fur-
thermore, we have used this data to demonstrate that the 
ST10/ST23 clade contains five valid subtypes. These STs 
include the previously identified ST10 and ST23 and the 
newly named ST42, ST43, and ST44.

The division of the ST10/ST23 cluster, which includes 
three new STs (ST42-ST44), is an important step in 

clarifying the epidemiology of these STs both in humans 
and in other animals. For example, data showing distinct 
patterns of infection between ST10 sequence variants 
was recently reported in a longitudinal study of dairy 
calves (Santin et al., 2023). Additionally, recent publica-
tions have reported ST10 in samples from humans living 
in Thailand and Vietnam (Jinatham et al., 2021; McCain 
et al., 2023; Nguyen et al., 2023). When sequences from 
humans from Thailand classified as ST10 were com-
pared to full-length references for ST10 and ST42-ST44, 
we observed that both ST10 and ST42 represented best 
matches with over 99% sequence similarity. Likewise, 
when sequences from humans from Vietnam that were 
classified as ST10 were compared to full-length refer-
ences for ST10 and ST42-ST44, one sequence with 99.7% 
similarity with ST10b and two sequences with 100% sim-
ilarity to ST44 were observed. Those findings indicate 
that ST10, ST42, and ST44 may be found in humans. 
These observations further demonstrate the need for 
full-length references of Blastocystis subtypes and point 
to the need to exercise caution in how subtype designa-
tions are assigned when using relatively small fragments 
of the SSU rRNA gene.

An important consideration when classifying se-
quences of ST10, ST23, and ST42-ST44 is the region of 
the SSU rRNA gene being used for classification. Se-
quence variation within the first 600 bp (barcoding re-
gion) of the SSU rRNA gene is low for subtypes within 
this clade. This situation is not unique to the ST10/ST23/
ST42-ST44 clade and has been similarly noted as prob-
lematic for classifying sequences within the ST14/ST24/
ST25 clade, the ST5/ST12 clade, and the ST17/ST41 clade 
(Hernández-Castro, Dashti, et al.,  2023; Hernández-
Castro, Maloney, et al., 2023; Maloney & Santin, 2021). 
Thus, if subtype designations are being made using 
primers such as the so-called barcoding primers (Sci-
cluna et al.,  2006) that cover the first 600 bp region of 
the SSU rRNA gene or the commonly used qPCR prim-
ers (Poirier et al., 2011) that cover a 300 bp region within 
the barcoding region, definitive ST assignments may not 
be possible. In such situations, it is suggested that using 
clade-level designations as described above would pre-
vent the misclassification of sequences. Sequencing of the 
hypervariable regions found in the 500–900 bp region of 
the SSU rRNA gene, which is amplified using the Santin 

F I G U R E  3   Pairwise distances between Blastocystis full-length SSU rRNA gene sequences for subtypes ST10a, ST10b, ST23, ST42a, ST42b, 
ST43, and ST44 showing the average number of base substitutions per site conducted using the Kimura 2-parameter model.

F I G U R E  4   Depiction of the division of ST10 into ST10, 
ST42, ST43, and ST44 including previously used ST10 subgroup 
designations and current ST classifications.
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primers (Santín et al., 2011) allows for discrimination of 
these subtypes. However, caution should still be used 
when choosing a BLAST match to assist with subtype 
determination of a sequence. Using a BLAST criterion 
of shared percent identity of at least 99% to a full-length 
reference sequence of a valid ST to classify Blastocystis 
sequences would help to limit the misclassification of se-
quences and the propagation of misclassifications in the 
literature. When shorter sequences, such as those gener-
ated using qPCR primers, are used to classify STs, it may 
be necessary to consider matches of 100% to established 
references for accurate sequence classification.

Surveys of Blastocystis subtype diversity in new hosts 
and regions of the world continue to expand the host 
range of previously identified subtypes and identify new 
subtypes (Baek et al.,  2022; Hernández-Castro, Dashti, 
et al., 2023; Hernández-Castro, Maloney, et al., 2023; Jina-
tham et al., 2021; Nguyen et al., 2023; Stensvold et al., 2023; 
Yu et al., 2023). As interest in Blastocystis grows, the ability 
to correctly identify and distinguish sequences is more im-
portant than ever. The validation and designation of new 
subtypes ST42-ST44 provide an important step in helping 
to understand the epidemiology and host specificity of 
Blastocystis. This study also provides baseline evidence 
suggesting that ST subgrouping based on near full-length 
nucleotide sequences of the SSU rRNA gene might be a 
useful tool to better understand not only the actual host 
range and specificity of a given genetic variant but also po-
tential links with pathogenicity and virulence.
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