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The contribution of Blastocystis from non-human hosts to zoonotic transmission is only partly known.
The objective of this study was to determine the distribution of Blastocystis genetic subtypes in dif-
ferent animal species in United Arab Emirates. A total of 114 stool samples were tested using PCR of
the small subunit (SSU) rRNA gene and sequence analysis. Twenty-three Blastocystis-positive sam-
ples were identified. The following detection rates were observed: cattle, 22.7%; sheep, 63.6%; rabbits,
33.3%; rodents, 37.5%; reptiles, 21.2%. Four subtypes were identified in this study; ST4, ST10, ST14,
and ST17; ST10 was isolated from sheep and cattle, corroborating previous data indicating that these
are natural hosts for this subtype. Cases of mixed subtype colonization were also detected. Conspic-
uously, we found ST14 in rabbits. The discovery of ST17 in a squirrel indicates a novel host for this
subtype. Furthermore, the discovery of ST4 in rodents suggests that these may serve as reservoir for
human Blastocystis ST4 colonization. Six tortoises and one iguana were positive for Blastocystis. In
conclusion, this is the first report of Blastocystis infection in various animals in the UAE. Apart from
ST4, no potentially zoonotic subtypes were detected.

© 2019 Elsevier GmbH. All rights reserved.
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Introduction

Blastocystis is an enteric parasitic protist found in
humans, other mammals, birds, reptiles, and oth-
ers animals (Clark et al. 2013; Yoshikawa et al.
2004a,b). With a cyst stage involved in faecal-oral
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transmission of the parasite, the extent to which
human-human, human-animal and animal-human
transmission occurs remains under scrutiny (Parkar
et al. 2010; Stensvold et al. 2012a,b).

While the pathogenic potential of Blastocystis in
humans remains uncertain, many carriers proba-
bly remain asymptomatic or exhibit slight intestinal
discomfort including acute or chronic diarrhea,
abdominal pain, flatulence, vomiting, constipation,
and irritable bowel syndrome (Jimenez-Gonzalez
et al. 2012; Tan et al. 2010). Reported prevalence
rates vary according to geographical region but are
generally higher in developing countries than in
developed ones possibly due to differences in the
standards of hygiene, waste disposal, exposure to
animals and consumption of contaminated food or
water (Clark et al. 2013).

Remarkable genetic diversity exists within the
genus, and several distinct ribosomal lineages, the
so-called ‘subtypes (ST) have been identified in
mammalian and avian hosts. Consequently, Blas-
tocystis from such hosts was recently classified
into 17 STs (Alfellani et al. 2013a,b). Among the
17 STs, nine (ST1 to ST9) have been reported in
humans with varying prevalence across the globe
(Alfellani et al. 2013a,b; Cian et al. 2017; Clark
et al. 2013). Moreover, ST12 was recently reported
in a human host (Ramirez et al. 2016). With the
exception of ST9 found only in humans until now,
the remaining STs reported in humans have also
been reported in non-human hosts (Alfellani et al.
2013a,b; Parkar et al. 2007, 2010; Ramirez et al.
2014; Santin et al. 2011; Stensvold et al. 2009;
Yoshikawa et al. 2016a,b). Most Blastocystis from
amphibian and reptilian hosts are distinct and do
not form part of the acknowledged subtype sys-
tem.

Several studies on the prevalence and subtyp-
ing of Blastocystis in different groups of animals
from different parts of the globe have provided evi-
dence suggesting limited zoonotic potential of this
parasite. Nevertheless, a higher prevalence of the
parasite among animal handlers compared with
individuals not normally in contact with animals was
reported in several publications (Lee et al. 2012;
Parkar et al. 2010; Rajah-Salim et al. 1999; Rivera
2008; Stensvold et al. 2009; Tan 2008; Yoshikawa
et al. 2009). Moreover, successful experimental
infections of chickens and rats with human isolates
have demonstrated the possibility of transmission
of the parasite between human and animal hosts
(Ajjampur and Tan 2016; Cian et al. 2017; Iguchi
et al. 2007; Ruzkova et al. 2018).

Substantial data on the molecular epidemiology,
transmission and subtype distribution of Blastocys-

tis is available for a number of different animal
groups from various regions across the globe
(Alfellani et al. 2013a,b; Cian et al. 2017; Parkar
et al. 2007, 2010; Petrasova et al. 2011; Roberts
etal. 2013; Stensvold et al. 2009; Wang et al. 2014).
We previously reported a Blastocystis prevalence
of 44.4% among asymptomatic individuals in UAE;
subtypes 1, 2, and 3 were the only ones detected
(no ST4 was seen) (AbuOdeh et al. 2016). How-
ever, there has been no report of Blastocystis in
animals in UAE. Given the understanding that addi-
tional epidemiological data is needed to identify
potential animal reservoirs of human cases of Blas-
tocystis colonisation, the objective of the present
study was to carry out molecular characterization
of Blastocystis isolated from animal faecal samples
in order to increase our knowledge of the epidemi-
ology and host specificity of this parasite in the
UAE.

Results

Of the 114 samples tested (Table 1), 23
(20.2%) were Blastocystis-positive as confirmed
by sequencing, while 91 (79.8%) were negative.
The following positivity rates were recorded across
the various animal groups: cattle, 5/22 (22.7%);
sheep, 7/11 (63.6%); rabbits, 1/3 (33.3%); rodents,
3/8 (37.5%); tortoises, 6/21 (28.5%); iguana, 1/1
(100%). In the case of rodents, only members of
the family Sciuridae were positive for Blastocys-
tis (3/6; 50%); two Funambulus palmarum and one
Rhinosciurus laticaudatus.

Subtypes identified in the study comprised ST4,
ST10, ST14 and ST17 as evidenced by BLAST
calls in the NCBI database and phylogenetic analy-
sis (Fig. 1). In the case of cattle, the finding of ST10
in three of the five animals was confirmed by high
(98%) bootstrap support (Fig. 1). For the remaining
two samples (6P and 7P), assignment of subtype
was less straightforward. By BLAST queries, the
top hit for the two sequences was MF 186665, which
is a sequence from an elk assigned to ST5 by
Betts et al. (2018) with 99% coverage and 97.39%
identity. Higher identity (98.78%) but lower cov-
erage (93%) was seen for MH201330, which is
a sequence obtained from Korean cattle stool,
assigned by the authors of the study to ST14. In
the phylogenetic tree (Fig. 1), 6P and 7P clus-
ter together, but in a subclade of their own in the
clade comprising subtypes 5, 12, 13, and 14. While
the support for this clade is relatively high (91%;
Fig. 1), the resolution within the clade is poor in
our analysis, which is why the subtype could not be
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Figure 1. Evolutionary relationships of Blastocystis SSU rRNA sequences. Sequences obtained by barcoding
in the present study were phylogenetically analysed with reference sequences used by Alfellani et al. (2013a,b)
and indicated in bold font. Proteromonas lacertae was used as outgroup. For reference Blastocystis sequences,
subtype numbers are given in parentheses where applicable. Apart from ST11 (sequence not available for
analysis for this part of the gene), all subtypes from ST1 to ST17 were included. For all Blastocystis sequences,
the Latin name of the host from which they were identified is indicated. The evolutionary history was inferred
using the Neighbor-Joining method. The evolutionary distances were computed using the Kimura 2-parameter
method and are in the units of the number of base substitutions per site. Only bootstrap values higher than 75
are shown. The analysis involved 57 nucleotide sequences. All ambiguous positions were removed for each
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Table 1. A total number of 114 samples were col-
lected for this UAE study.

Host Scientific Name;
Numbers sampled

Artiodactyla

Cow Bos taurus; 22

Sheep Ovis aries; 11

Goat Capra hircus; 6

Aves

Domestic duck

Quail

Falcon

Partridge

Peacock

Pigeon

Parrot

Chicken

Carnivora
Domestic cat

Dog

Mongolian ferret
Lagomorpha
Rabbit

Perciformes

Fish

Rodentia

Indian palm squirrel
Mongolian chinchilla
Shrew-faced squirrel

White squirrel
Golden hamster
Squamata
Burmese python
Rainbow snake
Common boa
Iguana
Chameleon
Bearded dragon
Milk snake

Anas platyrhynchos
domesticus; 2
Coturnix coturnix; 2
Falco cherrug; 1
Ammoperdix heyi; 1
Pavo cristatus; 1
Oena capensis; 3
Psittacula krameri; 2
Gallus gallus; 6

Felius catus; 2

Canis familiaris; 1
Mustela putorius furo; 1
Oryctolagus spp.; 3

Oreochromis niloticus; 9

Funambulus palmarum; 4
Chinchilla lanigera; 1
Rhinosciurus
laticaudatus; 1

Sciurus carolinensis; 1
Mesocricetus auratus; 1

Python bivittatus;3
Farancia erytrogramma; 1
Boa constrictor; 1

Iguana iguana; 1
Chamaeleo zeylanicus; 1
Pogona vitticeps; 1
Lampropeltis triangulum;

Common house gecko Hemidactylus frenatus; 2

Testudinidae

African spurred tortoise Centrochelys sulcata; 19

Greek tortoise
Mata mata turtle

Testudo graeca; 2
Chelus fimbriata; 1

called with certainty for 6P and 7P. However, the
edited alignment used for the phylogeny included
only 400 bp, and this is probably explaining the low
resolution in this part of the tree.

As for the sheep Blastocystis sequences, sub-
types ST10 and ST14 were found. Mixed subtypes
were detected in two of the sheep (ST10and ST14).

In one of the three rabbit samples, we identi-
fied a ST14 sequence, clustering with the ST14
sequences from sheep (Fig. 1). In the case of
rodents, we identified ST4 in two Indian palm squir-
rels, and ST17 in a shrew-faced squirrel (Fig. 1;
Table 2).

Interestingly, in the case of reptilian hosts, six tor-
toises (five African and one Greek) and one iguana
were positive for Blastocystis. Four sequences from
tortoises (A1, A17, A18, and 26D) were used in the
phylogeny (Fig. 1). All four clustered in a tortoise-
specific Blastocystis clade verified by high (98%)
bootstrap support. Three of these sequences (A1,
A17, and A18) clustered together in a subclade
shared by other tortoise sequences from GenBank
(100% bootstrap support). Sequence 26D clus-
tered separately (Fig. 1). The remaining two tortoise
sequences (A10 and A11) were excluded from the
phylogenetic analysis because of relatively limited
sequence length in the case of sample A10 and
poor quality of the A11 sequence. No sequence-
positive samples were found in goats, birds, fish,
dog, cat, and members of the squamata and car-
nivora orders.

Discussion

To our knowledge, this is the first report on
molecular characterization of Blastocystis in ani-
mals in the UAE. Of the 23 samples sequencing
positive for Blastocystis, 21 represented coloniza-
tion by a single strain (as evidenced by Sanger
sequences of both cloned and non-cloned PCR
products), whereas mixed colonization (two STs)
was observed in two samples, for which PCR prod-
ucts had been subject to by cloning. Due to financial
constraints, we were not able to clone all PCR prod-
ucts and therefore could not confirm whether they
reflected single or mixed subtype colonisation. Sub-
typing resulted in the identification of ST4, ST10,
ST14 and ST17.

sequence pair. There was a total of 407 positions in the final dataset. Evolutionary analyses were conducted in
MEGA?7 (Kumar et al. 2016). Prior to the phylogenetic analysis, the multiple sequence alignment was manually
edited to remove major gaps and areas of ambiguous alignment.
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Table 2. Subtype results from sequencing of Blastocystis positive samples.

Sample ID Common name of host Latin name of host Subtype Accession number

5 Cow Bos taurus 10 MH807179

6P Cow Bos taurus uT MN263292

7P Cow Bos taurus uT MN263293

8 Cow Bos taurus 10 MH807180

10A Cow Bos taurus 10 MH807181

*11A Sheep Ovis aries 10 MH807182

11B 14 MH807184

12G Sheep Ovis aries 14 MHB807185

14F Sheep Ovis aries 10 MH807186

15A Sheep Ovis aries 10 MH807187

16C Sheep Ovis aries 14 MH807188

17H Sheep Ovis aries 14 MH807189

*23E Sheep Ovis aries 10 MH807183

23 A 14 MH807191

22E Rabbit Oryctolagus spp. 14 MH807190

27D Indian palm squirrel Funambulus palmarum 4 MH807193

28C Indian palm squirrel Funambulus palmarum 4 MH807194

At14 Shrew-faced Squirrel Rhinosciurus laticaudatus 17 MN263294

26D African spurred tortoise Centrochelys sulcata NA MH807192

A1 African spurred tortoise Centrochelys sulcata NA MH807195

A6 Iguana lguana iguana NA MHB807196

A10 African spurred tortoise Centrochelys sulcata NA MH807197

A11 African spurred tortoise Centrochelys sulcata NA Poor quality to be
deposited and
assigned an
accession number

A17 Greek Tortoise Syria Testudo graeca NA MH807198

A18 African spurred tortoise Centrochelys sulcata NA MH807199

Note: An asterisk indicates mixed infections detected in the sample.

UT: untypable.
NA: subtype terminology not applicable.

The study did not aim to determine the exact
prevalence of Blastocystis across the animal
groups sampled; for this purpose, more sensitive
methods, such as real-time PCR (Stensvold et al.
2012b), would be appropriate. Therefore, the pos-
itivity rates obtained among the different species
are the minimum positive rates. However, since the
method used in the present study has been used in
numerous other studies (Betts et al. 2018; Lee et al.
2018; Parkar et al. 2010; Roberts et al. 2013; Wang
et al. 2018a,b; Zhu et al. 2017), it appears relevant
and pertinent to compare the positivity rate across
the sampled animal groups with rates reported by
others using conventional PCR and sequencing.

A total of five confirmed Blastocystis-positive
samples were obtained from 22 cow fecal samples
tested, indicating a detection rate of at least 22.7%,
and five SSU rRNA gene sequences were obtained
from the cow samples. Analysis of the three ST10

sequences of Blastocystis (Fig. 1) showed high
identity (99.84%) to MF186678 in GenBank (not
included in Fig. 1), which is a ST10 sequence found
in bison, whereas the two remaining sequences
showed highest identity to Blastocystis sequences
from cattle from a Korean study (MH201330); the
authors of the Korean study assigned this sequence
to ST14; nevertheless, the phylogenetic analysis
performed in the Korean study did not include ST12
and ST13 in their analysis; and still, the boot-
strap support for assigning MH201330 to ST14 in
the Korean study was only 90%. Although both
sequences were obtained from cloned PCR prod-
ucts, we did not suspect that the sequences were
reflecting chimeras, since they were almost iden-
tical to each other and to sequences identified by
others. Longer sequences are probably needed to
enable assignment of a subtype to this sequence
with confidence. The overall detection rate in cattle
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in the present report was somewhat similar to those
reported in the United Kingdom (22.6%) and the
USA (19.2%) (Alfellani et al. 2013a,b; Fayer et al.
2012). On the other hand, far lower detection rates
were observed in recent studies in Korea (6.7%),
Iran (9.6%), and China (10.3%) (Lee at al. 2018,
Badparva et al. 2015; Zhu et al. 2017).

Regarding sheep, a detection rate of 63.6% was
observed in our study. Contrasting data were com-
municated from recent analyses in China (5.5%
and 6%), respectively (Li et al. 2018; Wang et al.
2018a,b). Both ST10 and ST14 were detected in
sheep, which is in agreement with other reports
(Betts et al. 2018; Li et al. 2018; Stensvold et al.
2009; Wang et al. 2018a,b). However, unlike Wang
et al. (2018a,b), Li et al. (2018) and Stensvold
et al. (2009), we could not detect the potentially
zoonotic subtypes ST1, ST3 and ST5 among our
positive samples. Furthermore, mixed infections
(ST10 and ST14) were detected in two sheep
samples. Sequences confirmed as ST14 (clones
11B, 12, 23A, 16, 17) were highly identical to
LT594969 (99% identity) from a cow in Mosul,
Iraq.

We opted for cloning for the identification of mixed
subtype colonization over direct sequencing of the
PCR product (Alfellani et al. 2013b,c; Roberts et al.
2013; Stensvold 2013; Stensvold et al. 2012a,b),
which tends to select for the dominant subtype in
cases of mixed subtype carriage. Despite the fact
that most of the animals screened exhibited a single
subtype, we confirmed the presence of mixed infec-
tions in two sheep harbouring both ST10and ST14.
In a similar study where cloning was employed,
Betts et al. (2018) confirmed the presence of mixed
colonization with more than one subtype (four sub-
types) in an elk (Betts et al. 2018). Furthermore,
while every attempt was made to ensure that the
samples collected were from different animals it
is also probable that the detection rates and the
mixed subtypes observed in the present survey
were a result of contamination with other samples
or the environment. It is therefore difficult to con-
clude that the revealed subtypes were from one
animal since many sheep of the same species were
housed in the same farm. Thus, along with the
recent findings of mixed subtype carriage in an elk
(an artiodactyl) by Betts et al. (2018), and our detec-
tion of two subtypes in sheep (which is also an
artiodactyl), the speculation put forward by Betts
and colleagues regarding whether the presence
of multiple infections is probably the norm in cer-
tain animals demands further investigation. When
cloning is applied, the risk of obtaining chimeric
sequences exists, and resulting DNA sequences

should therefore be scrutinized and analysed care-
fully before conclusions are made.

Like others, we show that synanthropic artio-
dactyls tend to demonstrate a preponderance
of subtypes 10 and 14 no matter which part
of the globe they originate from (Alfellani et al.
2013a; Betts et al. 2018). Moreover, we did not
find ST1, ST2, ST3 and ST4, which account for
more than 90% of human Blastocystis carriage,
in any of the assayed artiodactyls in the present
study. A previous study in Libya reported none
to very low detection rates in livestock with ST2,
ST1 and ST3 (0%, 7% and 9%), respectively
(Alfellani et al. 2013a). More samples must be
screened and characterized from the artiodactyls
order before ascertaining their potential for zoonotic
transmission especially among animal handlers
and individuals living around farms. And, if sub-
types usually found in humans are found in such
animals, SSU rRNA gene allele and maybe even
MLST allele profiling should be performed to enable
detection of cryptic host specificity (Stensvold et al.
2012a). Thus, screening large numbers of cattle
would therefore allow us to give a more accurate
measure of the detection rate of potentially zoonotic
subtypes in livestock in UAE.

As regards the rabbits in the study, three samples
were screened for the presence of Blastocystis.
Sample 22 (Clone 22E) was the only one (33.3%)
shown to be positive for the parasite, with ST14
as the only subtype identified (99.84% identical to
LT594969). To our knowledge, only three studies
have reported molecular data on Blastocystis in
rabbits (Alfellani et al. 2013a; Roberts et al. 2013;
Wang et al. 2018a,b), and the only study report-
ing the presence of Blastocystis was the Chinese
study by Wang et al. (2018a,b) in which ST4 was
the only subtype detected. The number of rabbit
samples collected in our survey was very limited
and since very few epidemiological surveys have
been conducted to date among this animal group it
is too early to draw any conclusions on the subtypes
infecting this order of mammails.

The number of samples collected from rodents
was also limited; however, the overall detection rate
with Blastocystis in the five rodent species stud-
ied here was 37.5% (3/8). Many recent reports
showed evidence of the existence of ST4 in rodents
(Alfellani et al. 2013a; Betts et al. 2018; Hazigah
et al. 2018; Katsumata et al. 2018; Yoshikawa et al.
2016a,b). ST4 is common in humans, at least in
Europe, and the discovery of ST4 in the two Indian
palm squirrels in the present study adds support
to the growing amount of data that suggests that
rodents may serve as reservoir for human Blas-



tocystis infection (Hazigah et al. 2018). It should
be noted, however, that in an earlier study, we
found no evidence of ST4 in humans in the UAE
(AbuOdeh et al. 2016). Unlike in Europe where ST4
is frequently found in humans, ST4 has rarely been
reported in studies from South America, China,
Malaysia, Middle East, Africa and North Amer-
ica (Alfellani et al. 2013b; Ben Abda et al. 2017;
Hazigah et al. 2018; Poirier et al. 2011; Ramirez
et al. 2016; Wang et al. 2018a,b). It was proposed
by Clark et al. (2013) that a recent emergence of
ST4 into the human population in Europe (which
is plausible due to the limited intra-subtype genetic
diversity seen within this particular subtype) could
explain the heterogeneous geographical dissem-
ination of this ST across the human population.
Ramirez et al. (2016) suggested a possible host-
pathogen interaction or genetic background that
impeded ST4 to colonize individuals in South Amer-
ica.

Since we used cloning prior to sequencing, it
makes little sense to try and query the sequences at
the Blastocystis online database in order to obtain
allele (i.e., genotype) information, the sequences in
the Blastocystis online database reflecting mainly
sequences obtained by Sanger sequencing of non-
cloned PCR products.

The observation of ST17 in the shrew-faced
squirrel in the present survey suggests a novel host
for this subtype (Table 2). So far, ST17 has only
been found in a gundi (Alfellani et al. 2013a).

Many reports on reptilian Blastocystis have
appeared from various regions (Teow et al. 1991;
Yoshikawa et al. 2016a). An overall detection
rate of 21.2% (7/33) was observed in the two
reptile groups, Testudinata (6/21, 28.5% [African
spurred tortoises, 5/19 (26.3%); Greek Tortoise,
1/2 (50%)]), and Squamata (Ilguana, 1/11 [9.1%)]
was observed. Unlike a French study where a
66.7% (2/3) detection rate was reported in Tes-
tudinata (Cian et al. 2017), our study reported
a significantly lower rate of detection (28.5%).
Five of the six African spurred tortoise SSU
rBNA gene sequences showed 90%—99% iden-
tity to sequences in GenBank. The four tortoise
sequences included in the phylogenetic analy-
sis were seen to exhibit monophyly (Fig. 1).
Interestingly, the Blastocystis sequences from the
Greek tortoise (also known as Spur-thighed tor-
toise) clustered, with maximum bootstrap support,
with Blastocystis sequences form the African tor-
toises, implying that they may be infected with the
same strain; alternatively, this might be a result of
contamination with feces from the other species.
Intriguingly, the two Spur-thighed tortoises reported
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in a French study (KR259510 and KR259511) (Cian
etal. 2017) were not called upon blasting our isolate
on the GenBank, the reason potentially being that
these two sequences have limited length in com-
parison to our isolate and the genetic diversity seen
across the shared region appears substantial.

The detection rate among the Squamata sam-
ples tested in the present study was 1/11 (9.1%).
This is much less than that reported by Cian et al.
(2017) in which 2/12 (16.7%) was reported in a
French study from animals in two zoos. The only
iguana (lguana iguana) included in the present
study was found to be positive for Blastocystis sp.
among the other Squamata species tested. This
is similar to the French survey where Blastocystis
sp. was isolated from one of the two (1/2) iguana
samples (Greeniguana, Iguana iguana). Therefore,
together with previous studies, this report indicates
that Blastocystis sp. is common in reptiles (Cian
et al. 2017; Suresh et al. 1997; Teow et al. 1992;
Yoshikawa et al. 2016a). Additional sampling and
preferably sequencing of the near-complete SSU
rBNA genes is needed to ascertain the level of
genetic diversity in reptilian hosts in greater detail.

Conclusion

This is the first report of Blastocystis infection in
various animals in the UAE. Of the 104 fecal sam-
ples tested, 20.2% were confirmed positive for
Blastocystis spp. Subtypes 10 and 14 were iden-
tified for the first time in synanthropic artiodactyls
in UAE, corroborating previous studies that these
artiodactyl members are natural hosts for these
subtypes. We also detected ST4 in rodents, sup-
porting earlier surveys suggesting that rodents may
act as reservoir for human Blastocystis coloniza-
tion. No other potentially zoonotic subtypes were
detected in the present study. Another important
finding in the study was the detection of ST14 in
a rabbit. Regarding the reptilian samples, Blas-
tocystis was relatively common, exhibiting some
degree of diversity. Further subtyping of Blastocys-
tis in various animal groups and humans in the
UAE is warranted to answer the question about
zoonotic transmission of Blastocystisin this country
in greater detail.

Methods

Sample collection and pre-DNA extraction storage: Fresh
fecal samples were obtained from various animal species
across the UAE and kept in leak-proof containers without
preservative. They were transported without delay to the Uni-
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versity of Sharjah, UAE and stored at —20°C until submitted
to DNA extraction and PCR. The sampling covered a broad
range of animals, and a total of 114 samples were collected for
the study (Table 1). Samples were collected from cows, sheep,
and goats housed in local farm pens in AlAin (a major city in
the emirate of Abu Dhabi, UAE). For the other types of ani-
mals, feces as fresh as possible was collected from cages in
the animals and pets’ municipal market in the Sharjah emirate.
Fecal samples were collected from animals secluded in sepa-
rate cages or pens and care was taken to reduce the risk of
sample contamination.

DNA extraction, PCR, cloning and analysis of DNA
sequences: DNA was extracted from all stool samples using
the Bioline stool DNA Kit (London, UK) as per the manufac-
turer's recommendations and stored at —20 °C until analyzed.
The 600-bp barcoding region of the SSU rRNA gene of Blas-
tocystis was amplified using the primers BhRDr and RD5
(Scicluna et al. 2006; Stensvold 2013). Briefly, the amplifica-
tion conditions consisted of 30 cycles of 1 min each at 94°C,
59°C and 72 °C, with an additional two-minute final extension.
PCR products were separated on 1.2% agarose gels stained
with ethidium bromide. Positive and negative (DNA replaced
by water) controls were included with each batch of samples
analyzed.

PCR products (600 bp) of positive samples was excised and
retrieved from the gel using QIAquick® Gel Extraction kit from
Qiagen (Valencia, California, USA). Of the 23 PCR-positive
samples, 18 PCR products were cloned into pDrive cloning
plasmid using the QIAGEN® PCR Cloning kit (Valencia, Cal-
ifornia, USA), and then plasmids were transformed by heat
shock into E. coli DH5a chemocompetent (MAX Efficiency®
DH5a™ Competent) cells (Invitrogen, Carlsbad, CA, USA), all
procedures according to the manufacturers’ instructions. After
an incubation period of 24 h, several separate colonies from
each plate were randomly picked and grown in LB broth in
the presence of 100 wg/mL ampicillin. Plasmids were purified
using a QlAprep® Spin Miniprep Kit (Qiagen, Valencia, Cali-
fornia, USA). Prior to sequencing, plasmids were analyzed for
the presence of the 600-bp PCR product insert using EcoRl/
restriction digestion. Sequencing was performed using the ABI
3730XL sequencer in McLab (Molecular Cloning Laboratories;
San Francisco, CA, USA). The primers T7 forward and Sp6
reverse were used for sequencing. For all the remaining iso-
lates, amplified PCR products were separated by agarose gel
and fragments visualized under UV light after staining with
ethidium bromide. The size of the DNA product was confirmed
using a 100-bp ladder, and PCR products were purified using
PureLink Quick PCR Purification Kit from Invitrogen (Carlsbad,
CA, USA) according to the manufacturer’s instructions, and
sent for sequencing in a commercial sequencing facility (Ingaba
Biotec, Pretoria, South Africa).

Subtyping and phylogenetic analysis of Blastocystis
isolates: PCR products were sequenced on both strands,
and the resulting sequences assembled online using online
software (available at http://www.prabi.fr/). CLC Main Work-
bench 6 (Qiagen, Redwood City, California, USA) was also
used for sequence end trimming and editing, in addition to
contig assembly. Sequences were aligned with sequences cov-
ering the “barcoding region” of SSU rRNA gene retrieved from
GenBank to provide representatives of the known subtypes
of Blastocystis. For phylogenetic analysis of the reptiles, SSU
rBRNA gene sequences were analyzed together with an out-
group sequence (Proteromonas lacertae, Genbank accession
no. U37108), and the evolutionary relationship between taxa
was inferred using MEGA?7 software (Kumar et al. 2016). To
perform DNA sequence alignment, we used the Clustal W algo-

rithm in MEGA7, with default parameters. Phylogenetic analysis
was performed using Neighbor-Joining method implemented in
MEGA?7. Selected reference subtype sequences and Blasto-
cystis sequences available from the GenBank were included
in the construction of the phylogenetic tree. The SSU rRNA
gene sequences obtained in this study were deposited in Gen-
Bank under accession numbers MH807179- MH807199 and
MN263292-MN263294.

Appendix A. Supplementary Data

Supplementary material related to this article can
be found, in the online version, at doi:https://doi.org/
10.1016/j.protis.2019.125679.
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