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A B S T R A C T

Blastocystis sp. is a protozoan parasite, commonly found in the gastrointestinal tracts of animals and humans
globally. The parasitic species has wide genetic diversity. Currently the mammalian and avian isolates of the
parasite are grouped into 17 well known subtypes (STs), of which ten (ST1-ST9, ST12) are reported in humans.
To assess the genetic diversity of Blastocystis sp. in wildlife, a total of 200 fresh fecal samples were collected from
32 mammalian wildlife species in Bangladesh National Zoo. Blastocystis sp. was screened and subtyped by PCR
amplification and sequencing of the small subunit ribosomal RNA (SSU rRNA) gene. The minimum prevalence of
Blastocystis sp. infection was 15.5% (31/200) in zoo animals. Eight out of 32 wildlife animal species (25.0%)
were infected with Blastocystis sp. Among them, the occurrence of Blastocystis sp. was higher in non-human
primates (NHPs) (31.8%) than that in herbivores (4.9%) and carnivores (0). Nucleotide sequence analysis of the
SSU rRNA gene revealed seven different Blastocystis sp. subtypes, such as ST1, ST2, ST3, ST10, ST11, ST13 and
ST14 in the wild animals. ST3 was the dominant subtype (41.9%, 13/31) being detected in NHPs. Of the 31
Blastocystis sp. isolates from the wild animals, 24 (77.4%) isolates belonged to the most common subtypes (ST1
to ST3) found in humans. This is the first molecular study of Blastocystis sp. in wild animals in Bangladesh. This
study highlights the remarkable genetic diversity in Blastocystis sp. isolates from zoo animals and provides the
first molecular evidence from spotted deer, gayal and grey langur. Due to circulation of large percentage of
potentially zoonotic subtypes in the wild animals, there is a higher risk of zoonotic transmission of Blastocystis sp.
in the zoo keepers and visitors.

1. Introduction

Blastocystis sp. is one of the most commonly found eukaryotic pro-
tists in the intestinal tract of humans and animals worldwide (Stensvold
and Clark, 2016; Javanmard et al., 2018). The parasite transmits
through fecal-oral route, for example, through contaminated water
(Leelayoova et al., 2008). The prevalence of Blastocystis sp. in humans
varies from 0.5% to 30% in industrialized countries, and from 30% to
76% in developing countries (Audebert et al., 2016). Such a high pre-
valence of Blastocystis sp. obviously invokes the question of the impact
of this parasite on human health. In fact, the common occurrence of the

parasite in asymptomatic carriage doubts about its role in human health
and disease (Cian et al., 2017). However, recent genomic data com-
bined with in vitro and in vivo studies allowed the identification of po-
tential virulence factors and revealed the damaging effects of the
parasite on the intestinal barrier, leading to credible models of patho-
genesis (Skotarczak, 2018). Furthermore, the colonization of Blas-
tocystis sp. is observed to be associated with increased diversity of
human gut bacterial microbiota, indicating the need of high overall
microbial diversity for the parasite to become established in the human
colon (Audebert et al., 2016; Stensvold and Clark, 2016; Cian et al.,
2017). Recent reports also suggest that this parasite should be related
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with non-specific gastrointestinal symptoms like diarrhea, abdominal
pain, and vomiting, and is suspected to be linked to irritable bowel
syndrome (IBS) and urticaria (Poirier et al., 2012; Lepczynska et al.,
2016). As in many parasitic infections, immunocompromized in-
dividuals such as AIDS and cancer patients, malnourished persons,
children and the elderly are found to be more susceptible to Blastocystis
sp. infection (Lepczynska et al., 2017). The parasite is also known to
infect a wide range of non-human hosts, including wildlife and zoo
animals (Cian et al., 2017).

Detection methods of Blastocystis sp. mainly include direct smear
examination by light microscopic or xenic in vitro culture. However, the
methods seem to have largely underestimated Blastocystis sp. in the
context of enteric parasite diagnosis because of the fact of occurrence of
different parasitic forms (especially the hardly recognizable cystic
form), deterioration caused by environmental conditions or drug
treatment and the fact that the parasite can be confused with other
enteric microorganisms (Tan, 2008; Wawrzyniak et al., 2013). More-
over, culturing this parasite is time consuming and can bias subsequent
genotyping due to the different ability of isolates to grow in selective
medium (Roberts et al., 2011). Therefore, to overcome these limita-
tions, currently molecular assays are used that are commonly based on
the PCR amplification of the small subunit ribosomal RNA (SSU rRNA)
gene (Scicluna et al., 2006). The genetic heterogeneity of the SSU rRNA
gene revealed seventeen subtypes (ST1-ST17) of Blastocystis sp. in
various hosts (Stensvold and Clark, 2016). Among the subtypes, ST1 to
ST9 and ST12 were observed in humans, however 95% of the human
infections were related to just four of these subtypes (ST1 to ST4)

(Alfellani et al., 2013a; Andersen and Stensvold, 2016; Stensvold; Clark,
2016). The four most common subtypes in humans have also been
identified in other hosts, the most frequent of which were other pri-
mates, but they have also been found in numerous hoofed mammals,
rodents and birds (Skotarczak, 2018). On the contrary, the rarer sub-
types in humans (ST5-ST8) were also more commonly discovered in
other hosts: ST5 in hoofed animals, ST6 and ST7 in birds, and ST8 in
non-human primates (NHPs) (Stensvold and Clark, 2016), suggesting
their zoonotic derivation. Furthermore, the frequent observation of
some subtypes in persons having close contact with animals, such as
ST5 in piggery workers (Wang et al., 2014), and ST3 and ST8 in zoo-
keepers (Parkar et al., 2010; Alfellani et al., 2013b), indicates the
presence of a potential transmission cycle between humans and ani-
mals.

Until now, only two reports of Blastocystis sp. infection in humans
are found in Bangladesh. The first study subtyped 26 isolates collected
from symptomatic and asymptomatic patients and identified two sub-
types ST1 (7.69%) and ST3 (92.31%) (Yoshikawa et al., 2004). The
second study was based on in vitro culture and direct microscopy that
recorded the prevalence of Blastocystis sp. as 14% in 5,679 stool samples
of slum-dwelling infants, with 14.76% prevalence in asymptomatic
samples and 6.99% in symptomatic samples (Barua et al., 2015).

Bangladesh National Zoo (situated in Dhaka) is a pleasant recreation
center for people of all ages and corners in this country. The zoo con-
tains many kinds of wildlife and hosts about four million visitors every
year. Wildlife species have been shown to be an important source of
emerging zoonotic diseases, and most emerging and reemerging

Table 1
Occurrence and subtype distributions of Blastocystis sp. in captive wild animals in Bangladesh National Zoo.

Animal type Common name Scientific name Sample
number

Positive
number (%)

Isolate (subtype)/Subtype (no.)

Herbivore Waterbuck Kobus ellipsiprymnus 7 1 (14.3%) ZH-46 (ST10)
Herbivore Barking deer Muntiacus muntjak 6 0 -
Herbivore Spotted deer Axis axis 30 1 (3.3%) ZH-77 (ST14)
Herbivore Camel Camelus dromedarious 2 0 -
Herbivore Rhinoceros Rhinoceros unicornis 1 0 -
Herbivore Impala Aepyceros melampus 2 0 -
Herbivore Donkey Equus asinus 8 0 -
Herbivore Hippopotamus Hippopotamus

amphibius
2 0 -

Herbivore Elephant Elephas maximus 3 1 (33.3%) ZH-15 (ST11)
Herbivore Horse Equus ferus caballus 5 0 -
Herbivore Wild beast Connochaetes taurinus 2 0 -
Herbivore Common eland Taurotragus opyx 2 0 -
Herbivore Zebra Equus quagga 3 0 -
Herbivore Greater kudu Tragelaphus strepsiceros 1 0 -
Herbivore Giraffe Giraffe camelopardalis 4 0 -
Herbivore Gayal Bos frontalis 4 1 (25.0%) ZH-57 (ST14)
Carnivore Fishing cat Prionailurus viverrinus 5 0 -
Carnivore Asian black bear Ursus thibetanus 4 0 -
Carnivore Asiatic lion Panthera leo leo 2 0 -
Carnivore Asiatic lion Panthera leo 4 0 -
Carnivore Royal bengal tiger Panthera tigris tigris 1 0 -
Carnivore Dog Canis lupus 2 0 -
Carnivore Spotted hyena Crocuta crocuta 1 0 -
Carnivore Strioed hyena Hyena hyena 2 0 -
Carnivore Jackal Canis mesomelas 12 0 -
NHPs Rhesus macaque Macaca mulatta 62 20 (32.3%) ZP-122 (ST1); ZP-126 (ST1); ZP-135 (ST3); ZP-137 (ST3); ZP-149 (ST3); ZP-

150 (ST3); ZP-151 (ST3); ZP-152 (ST2); ZP-156 (ST2); ZP-157 (ST2); ZP-159
(ST3); ZP-161 (ST3); ZP-164 (ST3); ZP-165 (ST3); ZP-168 (ST3); ZP-169
(ST3); ZP-178 (ST1); ZP-180 (ST1); ZP-181 (ST1); ZP-182 (ST3)

NHPs Vervet monkey Chlorocebus pygerythrus 7 3 (42.9%) ZP-183 (ST3); ZP-184 (ST13); ZP-185 (ST2)
NHPs Langur Trachypithecus johnii 5 3 (60.0%) ZP-186 (ST1); ZP-187 (ST13); ZP-188 (ST13)
NHPs Pangolins Manis paleojavanica 2 0 -
NHPs Hamadryas baboon Papio hamadryas 5 0 -
NHPs Grey langur Semnopithecus

schistaceus
2 1 (50.0%) ZP-199 (ST1)

NHPs Northern pig-tailed
macaque

Macaca leonina 2 0

Total 200 31 (15.5%) ST1 (7); ST2 (4); ST3 (13); ST10 (1); ST11 (1); ST13 (3); ST14 (2)
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pathogens originate from the animal reservoirs (Miller et al., 2013).
However, there is no organized report on the zoonotic diseases, in-
cluding Blastocystis sp. infection in the animals of Bangladesh National
Zoo. Therefore, the aim of the present study was to assess the genetic
diversity of Blastocystis sp. in the wild animals of Bangladesh National
Zoo.

2. Materials and methods

2.1. Ethics statement

Ethical clearance was obtained from the Institutional Committee on
Animal Care and Use in Research (ICACUR), Bangabandhu Sheikh
Mujibur Rahman Agricultural University (BSMRAU), Bangladesh.
Appropriate permission was obtained from the Ministry of Livestock
and Fisheries and Department of Livestock Services (DLS), Bangladesh,
and Curator of Bangladesh National Zoo before the collection of fecal
samples from the animals.

2.2. Sample collection

Bangladesh National Zoo contains approximately 2,150 individuals
of 191 animal species in a land area of 75 ha (186 acres) (https://
bnzoo.org/). The animals investigated in this study were predominantly
born in this zoo. The animals are kept separately according to the
species. The animals are housed in large spaces with reconstruction of
natural habitats suitable for each species. The animals live in accom-
modations provided with shelter places. Some of the animals live in-
dividually in single cages while others live in groups.

A total of 200 fresh fecal samples were collected from 32 captive
mammalian animal species under carnivores, herbivores and NHPs
during September to October 2018 (supplementary materials:
Table 1S). In case of group housing, fresh fecal deposits were collected
in the early morning, since the floor of animal cages was cleaned every
evening. To avoid repeated sampling, only the fresh fecal deposits were
selected based on differentiation by careful visual and physical ob-
servations (amount, color, consistency etc). The number of collected
samples were in proportion (10%–100%) to the number of animals
raised in group housing. For animals that were kept in the pens during
the day, fecal samples were collected from individual boxes where they
spent the night. The samples were collected with the help of respective
animal attendants to minimize unnecessary fear due to strangers (col-
lectors) in the houses.

Each sample of about 10 gm was collected in a clean plastic zipper
bag marked with relative information and shipped in cool condition to
the Laboratory of Veterinary Medicine, Bangabandhu Sheikh Mujibur
Rahman Agricultural University. The fecal samples were then stored in
2.5% (w/v) potassium dichromate solution at 4 °C until DNA extraction.
During sample collection, no obvious clinical symptoms were observed,
except in five rhesus macaques, which were hospitalized due to some
clinical and surgical problems other than diarrhea.

2.3. DNA extraction and PCR amplification

Using the centrifugation at 10,000 x g for 2 min, each fecal sample
(~200 mg) was washed at least three times with sterilized distilled
water to remove the potassium dichromate which would decrease the
efficiency of DNA extraction. Total DNA was extracted with the
E.Z.N.A.R® Stool DNA Kit (Omega Biotek Inc., Norcross, Georgia, USA),
according to the manufacturer's instructions. The extracted DNA was
stored at −20 °C until PCR amplification.

Blastocystis sp. was screened and subtyped with the PCR amplifica-
tion of an approximately 600 bp region of the SSU rRNA gene using the
forward primer RD5: ATCTGGTTGATCCTGCCAGT, and the reverse
primer BhRDr: GAGCTTTTTAACTGCAACAACG (Scicluna et al., 2006).
After electrophoresis in a 1.5% agarose gel stained with ethidium

bromide, the PCR products were visualized on a UV transilluminator.
The PCR amplification of each sample was performed at least for three
times.

2.4. Nucleotide sequencing and phylogenetic analysis

The positive PCR amplicons were sequenced on an ABI PRISM™
3730 XL DNA Analyzer using the BigDye Terminator v3.1 Cycle
Sequencing Kit (Applied Biosystems, Foster City, CA, USA). The se-
quence accuracy was confirmed with bidirectional sequencing, and the
sequences obtained were aligned and analyzed with MUSCLE em-
bedded in the MEGA 7 program (http://www.megasoftware.net/). The
consensus sequences were then compared to similar sequences in
GenBank database using the Basic Local Alignment Search Tool
(BLAST) (http://www.ncbi.nlm.nih.gov/blast/). The subtypes of
Blastocystis sp. isolates were identified by an online platform:
Blastocystis locus/sequence definitions database (https://pubmlst.org/
bigsdb?db=pubmlst_blastocystis_seqdef). Finally, phylogenetic ana-
lysis was used to determine the exact position and identity of the
Blastocystis sp. isolates with novel sequences.

The phylogenetic analysis was performed using maximum like-
lihood method implemented in the MEGA 7 program. Twenty re-
presentative sequences from this study and 42 reference sequences from
GenBank database were included in the phylogenetic analysis. The se-
quences were aligned with MUSCLE in MEGA 7 program. The align-
ment was trimmed using the trimAI v1.2 software (http://trimal.
cgenomics.org/downloads). All positions containing gaps were elimi-
nated and the phylogenetic inference was restricted to 120 sites that
could be unambiguously aligned. A bootstrap method was used to as-
sess the robustness of the clusters using 1,000 replicates. Tree con-
struction was performed using the Karotomorpha sp. and Protoopalina
intestinalis as the outgroups.

2.5. Nucleotide sequence accession numbers

The representative nucleotide sequences obtained in this study were
submitted to the National Center for Biotechnology Information (NCBI)
and deposited in the GenBank database under the accession numbers:
MN338073 to MN338089.

3. Results

3.1. Occurrence of Blastocystis sp. in wild animals

The PCR and sequence based screening of 200 fecal samples col-
lected from 32 wild animal species in Bangladesh National Zoo revealed
that eight of the animal species (25.0%, 8/32) were infected with
Blastocystis sp. The waterbuck, spotted deer, elephant, gayal, rhesus
monkey, vervet monkey, langur and grey langur were infected with
Blastocystis sp. with the infection rates of 14.3% (1/7), 3.3% (1/30),
33.3% (1/3), 25.0% (1/4), 32.3% (20/62), 42.9% (3/7), 60.0% (3/5)
and 50.0% (1/2), respectively. Overall, NHPs had higher rate of
Blastocystis infection (31.8%, 27/85) compared to herbivorous (4.9%,
4/82) and carnivorous animals (0/33). Altogether, the occurrence of
Blastocystis sp. was 15.5% (31/200) in wildlife in Bangladesh National
Zoo (Table 1).

3.2. Subtype characterization of Blastocystis sp.

Nucleotide sequence analysis of the SSU rRNA gene showed high
genetic variability among the Blastocystis sp. isolates from zoo animals.
A total of seven known subtypes, such as ST1 (n = 7), ST2 (n = 4), ST3
(n = 13), ST10 (n = 1), ST11 (n = 1), ST13 (n = 3) and ST14 (n = 2),
were identified out of 31 Blastocystis sp. isolates. Among the subtypes,
ST3 was the dominant one being detected in 13 NHP isolates out of
31wild animal isolates (41.9%) (Table 1). Of the 31 isolates, 24 (77.4%)
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isolates belonged to the most common human associated subtypes, ST1
to ST3.

The homology analysis of the SSU rRNA gene revealed that among
the seven ST1 isolates obtained from NHPs, four and three isolates
produced the same sequences MN338073 and MN338074, respectively,
with the former and later identical to those from a Macaque
(MK357786) and Kangaroo (MK930347) in China, respectively. Three
representative sequences such as MN338075 (n = 2), MN338076
(n = 1) and MN338077 (n = 1) obtained from four ST2 isolates of
NHPs were identical to that from a human in Japan (AB070987),
monkey in Philippines (EU445491) and human in Italy (MF184970),
respectively. The highest sequence diversity was observed in ST3 iso-
lates that yielded seven representative sequences in thirteen NHP iso-
lates. Of the seven representative sequences, MN338078 (n = 7),
MN338080 (n = 1), MN338081 (n = 1), MN338083 (n = 1) and
MN338084 (n = 1) had 100% similarity with that from a patas monkey
in China (MK930350), Philippine long-tailed macaques in Philippines
(KY929119 and KY929120), human in China (MK934333) and cattle in
Malaysia (MG831425), respectively. However, the remaining two se-
quences MN338079 (n = 1) and MN338082 (n = 1) had the largest
similarity (99.83% and 99.67%) to that from a red monkey
(MK357784) and human in China (MK934333), with one and two nu-
cleotide substitutions, respectively. The only ST10 sequence
(MN338085) obtained from a waterbuck had 99.18% homology with
that from a deer in China (MK357785), with five nucleotide substitu-
tions being observed. The single sequence (MN338089) of ST11 isolate
found in an elephant showed a homology of 96.39% to the sequence of
ST1 isolated from a monkey in Philippines (EU445488), with 22 single
nucleotide polymorphisms (SNPs). Meanwhile, three NHP-derived
identical ST13 sequences (MN338086) had 98.51% similarity with that
from a mousedeer in UK (KC148209). In the case of two ST14 isolates,
two representative sequences MN338087 and MN338088 were ob-
tained from a gayal and spotted dear, respectively and the same se-
quences had been described in a sheep in UAE (MH807191) and cattle
in China (MF974619), respectively.

3.3. Phylogeny of Blastocystis sp. isolates

The phylogenetic analysis using 20 representative sequences and 42
reference sequences, including two outgroups clearly demonstrated that
the sequences of six well-known subtypes (ST1, ST2, ST3, ST10, ST13
and ST14) obtained from this study were clustered with their reference
subtypes (Fig. 1). However, the sequence of elephant-derived isolate
ZH-15, which had a homology of 96.39% to the sequence of ST1, was
clustered with reference sequences of ST11 obtained from elephants,
thus suggesting its identity as ST11. Based on the constructed tree, the
isolates included in the same subtype clustered with each other with
good bootstrap support, and therefore the seven subtypes were seen as
seven independent monophyletic groups.

4. Discussion

In the last few decades, many researchers have performed numerous
studies on different aspects of Blastocystis sp., however there are still
controversy on classification, pathogenicity, genotyping and role of this
organism (Clark et al., 2013; Stensvold and Clark, 2016). Molecular
based detection methods have led to a recognition that the organism is
much more common than previously thought, at least in some geo-
graphic regions and some groups of individuals (Stensvold and Clark,
2016). Although molecular studies have generated a large amount of
data on subtypes of Blastocystis sp. isolated from various non-human
hosts in recent years, there is still lack of run-through information on
the prevalence as well as genetic diversity of Blastocystis sp. worldwide
(Noël et al., 2005; Roberts et al., 2013; Stensvold et al., 2009;
Yoshikawa et al., 2016).

In this study, the minimum prevalence of Blastocystis sp. was 15.5%

(31/200) in mammalian wildlife in Bangladesh National Zoo. This re-
sult is comparable with the previous results observed in various animals
worldwide. Almost similar infection rate of Blastocystis sp. was recorded

Fig. 1. Phylogenetic tree of the Blastocystis sp. isolates and reference SSU rRNA
gene sequences from GenBank based on maximum likelihood analysis. The tree
was rooted on Karotomorpha sp. and Protoopalina intestinalis. Bootstrap va-
lues > 50% from 1,000 replicates are shown on the nodes. Reference se-
quences from GenBank have accession number and host designation. The iso-
lates of seven subtypes, with their host designations, are indicated by triangle
shape.
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in domestic animals (buffaloes, cattle, goats and pigs) (15.4%) in Nepal
(Lee et al., 2012). However, the higher infection rates were reported in
wild animals (40.2%) in Qinling Mountains, China (Zhao et al., 2017),
wild animals in two zoos (32.2%, 99/307) in France (Cian et al., 2017),
wild chimpanzees (21.9%, 25/114) in southeast Cameroon
(Drakulovski et al., 2014), rhesus monkeys (100%, 10/10) in Nepal
(Yoshikawa et al., 2009), wild animals (34.4%, 115/334) in Brazil
(Valença-Barbosa et al., 2019), wild boars (25.0%, 3/12) in western
Iran (Solaymani-Mohammadi et al., 2004), dairy cattle in Japan
(54.1%, 72/133), Lebanon (63.4%, 161/254) (Masuda et al., 2018;
Greige et al., 2019), yaks (27.07%, 278/1027) in China (Ren et al.,
2019), diverse animals (20.18%, 23/114, with 22.7% in cattle, 63.6%
in sheep, 33.3% in rabbits, 37.5% in rodents and 21.2% in rodents) in
UAE (AbuOdeh et al., 2019), domestic and companion animals
(45.79%, 98/214) in Thailand (Udonsom et al., 2018), street dogs
(23.8%, 19/80) in India (Wang et al., 2013). Conversely, the lower
infection rates were also reported in cattle (9.5%, 14/147), pigs (8.8%,
6/68), sheep (5.5%, 6/109) in China (Wang et al., 2018). These dif-
ferences in the infection rates might be associated with the species,
immune status and husbandry practices of animals, as well as detection
methods, sample size and sampling location and time (Wang et al.,
2018).

Of the 32 wild animal species included in this study, eight species
(25.0%) were infected with Blastocystis sp., including waterbuck
(14.3%), spotted deer (3.3%), elephant (33.3%), gayal (25.0%), rhesus
monkey (32.3%), vervet monkey (42.9%), langur and grey langur
(50.0%). Among them, the spotted deer, gayal and grey langur were
reported with the parasitic infection for the first time in this study. The
prevalence of Blastocystis sp. in waterbuck, elephant, rhesus monkey,
vervet monkey and langur was lower compared with that (50.0%,
55.0%, 96.6%, 51.4% and 83.3%, respectively) for the same species in
China and Australia (Roberts et al., 2013; Zhao et al., 2017). Regarding
animal type, the highest rate of Blastocystis sp. infection was observed in
NHPs (31.8%) followed by herbivores (4.9%). Similar to our study,
higher rate of Blastocystis sp. infection was reported in NHPs compared
to herbivorous animals (Zhao et al., 2017; Deng et al., 2019), indicating
the common occurrence of this parasite in primates. However, com-
pared to our result, the previous studies recorded much higher infection
rate of the parasite in herbivorous animals (Betts et al., 2018; Udonsom
et al., 2018; Deng et al., 2019; AbuOdeh et al., 2019; Greige et al.,
2019). Surprisingly, Blastocystis sp. was detected in none of the carni-
vores of our study. Similarly, the parasite was also not reported in
carnivorous animals in few previous studies (Abe et al., 2002; Lim et al.,
2008; Parkar et al., 2010; Alfellani et al., 2013a; Zhao et al., 2017).
However, some studies documented various infection rates of the
parasite in carnivores: 2.83% in China (Deng et al., 2019), 2.94% in
England (Betts et al., 2018), 10.68% in USA (Ruaux and Stang, 2014),
23.8% in India (Wang et al., 2013) and 69.35% in Australia (Duda
et al., 1998).

In the present study, seven Blastocystis sp. subtypes, such as ST1,
ST2, ST3, ST10, ST11, ST13 and ST14 were detected in 31 sequencing
positive samples from captive mammalian wildlife. Of them, subtype
ST3 was the predominant one being identified in 41.9% (13/31) of the
positive samples that merely detected in NHPs. Similarly, this was the
most commonly detected subtype in humans in various studies
(Skotarczak, 2018). The only report on Blastocystis sp. subtypes in
Bangladesh also showed the dominance of ST3 (92.3%) in humans
(Yoshikawa et al., 2004), indicating the wide distribution and zoonotic
significance of this subtype in this area. Furthermore, ST3 was fre-
quently reported in captive wild animals, nonhuman primates, cattle,
goats, and rodents in various geographical areas (Cian et al., 2017; Song
et al., 2017; Zhao et al., 2017; Wang et al., 2018; Valença-Barbosa et al.,
2019). Although, ST1 was detected at the second highest frequency
(22.6%, 7/31) in this study, it was also only observed in the fecal
samples of NHPs. This subtype was previously reported in humans of
Bangladesh, suggesting its zoonotic potential in this country

(Yoshikawa et al., 2004). The preceding studies conducted in various
locations also reported the ST1 in the captive wild animals, NHPs,
sheep, goats, pigs, water voles, marsupials and birds (Cian et al., 2017;
Song et al., 2017; Zhao et al., 2017; Betts et al., 2018; Li et al., 2018;
Wang et al., 2018; Valença-Barbosa et al., 2019). The subtype ST2
obtained from the three fecal samples of rhesus monkeys and one fecal
sample of vervet monkey was previously reported alone in the NHPs
among the wild animals studied (Valença-Barbosa et al., 2019). It is
worth noting that subtypes ST1 and ST2 are among the most common
subtypes in humans, which have been described as having a low host
specificity and probable zoonotic implication (Skotarczak, 2018).

The subtype ST13 found in three NHP samples was formerly deli-
neated in golden snub-nosed monkeys in China, mouse deer in UK and
Libya and Kangaroo in Australia (Parkar et al., 2010; Alfellani et al.,
2013a; Zhao et al., 2017). Meanwhile, the subtype ST14 that obtained
from one spotted deer and one gayal was previously reported in captive
wild animals, cattle, sheep, goats, deer, kangaroo and rodents (Cian
et al., 2017; Song et al., 2017; Zhao et al., 2017; Betts et al., 2018; Li
et al., 2018; Wang et al., 2018).

In this study, ST10 and ST11 were found at the lowest frequency;
former detected in a waterbuck sample and later in an elephant sample.
However, ST10 was reported as the predominant subtype in the wild
animal species and yaks in China, fallow deer in Mauritius, cattle and
camels in Libya, cattle and sheep in UK and cattle in Denmark
(Stensvold et al., 2009; Alfellani et al., 2013a; Zhao et al., 2017; Ren
et al., 2019). On the other hand, the host specific subtype ST11 was
only previously detected in Asian elephants in Australia (Parkar et al.,
2010). Our observation of ST11 in elephant alone further confirms the
host specificity of this subtype.

Of the seven known subtypes identified in this study, ST1 to ST3
that constituted 77.4% (24/31) of Blastocystis sp. isolates, all of which
from NHPs, belonged to the most common human subtypes (Alfellani
et al., 2013a; Andersen and Stensvold, 2016). By combining our data
with previous data, and comparing the summarized subtype distribu-
tion between animals and humans, it appears that NHPs and livestock
may serve as reservoirs for human infection (Skotarczak, 2018). The
zoonotic transmission of the Blastocystis sp. subtypes was also evidenced
by the previous studies that detected same subtypes in both humans and
their contacting animals (Yoshikawa et al., 2009; Parkar et al., 2010;
Lee and Bak, 2011; Lee et al., 2012; Wang et al., 2014). The earlier
report of higher incidence of Blastocystis sp. infection in the zoo keepers
having close contact with animal enclosures indicates the possibility of
zoonotic transmission via fecal-oral route (Parkar et al., 2010). Fur-
thermore, the finding of ST2 in monkeys and children in a study in
Nepal (Yoshikawa et al., 2009) clarifies the zoonotic transmission cycle
of Blastocystis sp. in the zoo facility.

In this study, 24 sequences of 31 Blastocystis sp. isolates were pre-
viously reported in various animals and humans. The known sequences
belong to subtypes ST1 (n = 7), ST2 (n = 4), ST3 (n = 11) and ST14
(n = 2). The remaining seven new sequences are designated as sub-
types ST3 (n = 2), ST10 (n = 1), ST11 (n = 1) and ST13 (n = 3). The
analysis of ST3 and ST10 new sequences revealed one to five poly-
morphic sites, with genetic diversity less than 1% for either of them.
The new sequences of ST13 were differed from the known one by about
1.5%. Meanwhile, the new sequence of the elephant isolate had a ge-
netic diversity of 3.61% with 22 SNPs compared to a monkey-derived
sequence of ST1 (EU445488). In phylogenetic analysis, the sequence
was clustered with known elephant-derived sequences of subtype ST11.
Despite having the considerable genetic diversity, the sequence should
have been propounded as ST11 because of the fact that it was grouped
with ST11 with good bootstrap support in phylogenetic tree. It is worth
noting here that because the sequence is derived from the same host as
the rest of ST11 sequences and because the SSU rDNA sequence is not
complete, it is not clear at this time if this is indeed a new subtype or if
it is a divergent sequence of ST11. It is well suggested that new subtype
assignments should be based on complete or essentially complete SSU-
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rDNA sequences (Clark et al., 2013). Previous studies reported that
genetic diversity within some subtypes (e.g., ST3) may amount to about
3% (Clark et al., 2013). Thus, Clark and associates proposed that a
nearly complete sequence of the suspected new subtype must be com-
pared to the nearly complete sequences of all other subtypes and if the
new sequence differs by 4% or more, it can be considered as new
subtype with confidence (Clark et al., 2013). Therefore, in spite of
having new sequences, no new Blastocystis sp. subtype was surely
identified in the mammalian wildlife in Bangladesh National Zoo.

In conclusion, this is the first report of Blastocystis sp. infection and
subtype distribution in wildlife in Bangladesh. The data demonstrate
that Blastocystis sp. could be maintained and transmitted between
wildlife, with the attendant and visitor risk of outbreaks originating in
zoo facilities. Since the wildlife health is intrinsically important to
human health, the present results will provide fundamental materials
for the protection of wild animals, evaluation of potential zoonotic
transmission and eventually preservation of human heath from
Blastocystis sp. infection.
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