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Abstract

Blastocystis is the most ubiquitous intestinal protozoan parasite found in humans and animals worldwide.
Commonly, ST7 and ST6 are the major Blastocystis subtypes reported in birds, and their frequencies fluctuate greatly
with various factors. However, little literature is available on the prevalence and subtype characteristics of this parasite
in free-living wild birds in the same city. For this purpose, a total of 114 fresh fecal specimens were collected from wild
free-living birds in urban districts of Xinxiang city and tested for Blastocystis using PCR of the barcoding region of the
small subunit ribosomal RNA (SSU rRNA) gene. The positive isolates were subsequently subtyped by sequence
analysis, and Blastocystis was detected in 19 of the fecal specimens, with a prevalence of 16.7% (19/114), and only ST7
was identified. As a zoonotic subtype, the potential transmission threat of Blastocystis to humans could not be ignored.
Interestingly, the findings in the current study were significantly different from the lower prevalence and inconsistent
subtypes detected in previous studies, suggesting the incidence of Blastocystis ST7 in birds depends on multiple factors,
while simultaneously exposing its non-pathogenic host adaptability.
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Introduction

Blastocystis, a unicellular anaerobic microbial
eukaryote, is one of the most common protists in the
gastrointestinal tract of a wide range of hosts
worldwide, including mammals, birds, and reptiles
(Andersen and Stensvold, 2016; Kwon et al., 2024).
Currently, the clinical significance of Blastocystis
remains debated, because the infections can be both
asymptomatic and symptomatic in humans (Wakid et
al., 2022; Aykur et al., 2024; Wei et al., 2024). Some
symptoms, such as diarrhea, nausea, irritable bowel
syndrome, rash, gas, and urticaria, are considered to be
associated with this protozoan (Ajjampur and Tan,
2016; Figueiredo et al.,, 2024). However, Blastocystis
infections are more frequently reported in non-
diarrheic individuals globally, including domestic and
wild animals (Hublin et al., 2021; Guilavogui et al., 2022;
Liu et al., 2022a; Liu et al., 2022b). Recent studies
indicate that Blastocystis is increasingly viewed as a
commensal member of the gut microbiome, as its
colonization promotes a healthier gut and microbiome
by increasing the diversity of beneficial bacteria (Deng
et al., 2021a; Feranmi, 2022; Aykur et al., 2024). In
addition, some surveys confirm high frequencies
(100% prevalence) in hosts without any clinical signs,
supporting the thought that Blastocystis is a biomarker
organism or potential modulator of a healthy gut
microbiota (Jinatham ef al., 2021; Vasana et al., 2021;
Stensvold et al., 2022; Santin et al., 2023). The
transmission of Blastocystis occurs primarily through
the fecal-oral route, including the ingestion of
contaminated water or food, and direct contact with
contaminated environments and infected hosts
(Jinatham et al., 2021; Figueiredo et al., 2024; Kwon et
al., 2024).

Blastocystis exhibits extensive genetic variation in
different hosts and regions, and based on
polymorphisms in the small subunit rRNA gene (SSU
rRNA), at least 46 subtypes (STs) are currently
recognized (Aykur et al., 2024; Figueiredo et al., 2024;
Koehler et al., 2024). Of these, fifteen STs, including
ST1-10, ST12, ST14, ST16, ST23, and ST24, have been
reported in both humans and animals at varying
prevalences, indicating zoonotic potential (Maloney et
al., 2022; Li et al., 2023). Given molecular studies, ST1-
ST4 represents more than 90% of human-derived
Blastocystis isolates (Deng et al., 2019a). In addition,
host-adaptation can be seen, such as ST5 in pigs, ST7
and ST6 in birds, as well as ST10, ST14, ST24-ST26, and
ST42-ST44 in ruminants (Hublin et al., 2021; Rauff-
Adedotun et al., 2021; Aykur et al., 2024). Additionally,
several STs can concurrently colonize one host
(Maloney et al., 2021; Koehler et al., 2024).

Many studies on the molecular epidemiology of
Blastocystis infection have been conducted in captive
birds, including wild, pet, and poultry, where ST7 and
ST6 were identified as the predominant subtypes (Liu
et al., 2022a; Li et al., 2023; Sanggari et al., 2023).
However, most of these studies focus on cross-
sectional surveys for specific animal species or
breeding areas. To our knowledge, data on the
longitudinal tracing of Blastocystis infection in free-
living wild birds in urban areas are rare. Therefore, the
primary objective of this study is to determine the
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prevalence and subtype variation of Blastocystis in free-
living wild urban birds in the warmer seasons, to
assess the zoonotic health risk.

Materials and Methods

Ethical approval: Ethical approval for specimen
collection was reviewed and obtained from the Ethics
Committee of the Henan Institute of Science and
Technology (LLSC2024030).

Specimen collection: From March to September 2023, a
total of 114 fresh fecal specimens were collected from
free-living wild birds in an urban district of Xinxiang
City (N35°18', E113°54'), China, covering two
universities and two communities. All the feces were
obtained from the ground after the natural defecation
of birds in the morning. The sampling protocol was
consistent with that of a previous survey (Li et al.,
2023). All specimens collected in this study were
considered healthy based on the normal shape of the
feces, and samples were sent to the laboratory
immediately under cold conditions for DNA
extraction.

DNA extraction: Genomic DNA was extracted from
approximately 200 mg of each fecal sample using the
E.Z.N.A. Stool DNA kit (Omega, Norcross, GA, USA),
following the manufacturer’s instructions. The DNA
was eluted in 200 L of the provided elution buffer and
subsequently stored at -20°C for PCR analysis.

PCR amplification: All samples were tested for
Blastocystis presence by PCR amplification of a ~600 bp
fragment of the SSU rRNA gene of the barcoding
region. The primers BhRDr (o'-
GAGCTTTTTAACTGCAACAACG-3') and RD5 (5'-
ATCTGGTTGATCCTGCCAGT-3') were used and
PCR reaction conditions were as follows: 94°C for 4
min; 35 cycles of 94°C for 45 s, 59°C for 45 s and 72°C
for 1 min; and 72°C for 5 min for a final extension
(Scicluna et al., 2006; Liu et al., 2021b). A Taq PCR
MasterMix was used for all reactions, and each DNA
specimen was subjected to two repetitions. Both
positive (ST7 from quail) and negative (ultrapure H>O)
controls were used to detect contamination in each
PCR reaction. The amplified products were evaluated
by 1% agarose gel electrophoresis with GelRed staining
(Solarbio, China).

DNA sequencing analysis: All positive PCR products
were sequenced at Sangon Biotech Co., Ltd (Shanghai,
China) with bidirectional sequencing to ensure
nucleotide accuracy. The obtained sequences were
aligned with each other using ClustalX v2.1
(http:/ /www.clustal.org/) and any inconsistent
sequences were subjected to BLAST analysis
(https:/ /blast.ncbi.nlm.nih. gov/Blast.cgi) to
determine the Blastocystis subtype.

Phylogenetic analysis: A neighbor-joining (NJ)
phylogenetic tree was constructed using Mega 7.0
(https:/ /www.megasoftware.net/) for all Blastocystis
sequences to further identify subtypes. Reference
sequences of the SSU rRNA gene were downloaded
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from the GenBank database and previously reported
literature. The Kimura 2-parameter model and
bootstrap analysis of 1,000 replicates were used to
evaluate the reliability and statistical support of the
produced topology and to compute evolutionary
distances. Only branch support values above 50% are
shown.

Nucleotide sequence accession numbers: The
representative nucleotide sequence of all the
Blastocystis ST7 sequences obtained in this study was
deposited in the GenBank database under accession
number: PV665019.

Result and Discussion

Of the 114 fecal specimens obtained from free-
living wild birds, 19 tested positive for Blastocystis via
PCR, with a final prevalence of 16.7%. In detail, 33.3%
(7/21) was found on the grounds of University 1, with
a 12.7% (9/71) prevalence in University 2 and a 50%
prevalence in the Community 2 subsample. No
infection was detected in Community 1 (Table 1).
Among the three positive sampling sites, differences in
the infection rates were not significant. This study
constitutes the second report to Xinxiang City, and the
current infection rate was notably higher compared to
the previous results (1.5%, 2/136) (Li et al., 2023). For
birds (domestic and wild), the prevalence of
Blastocystis varied largely in other studies, ranging
from 0 to 100% (Deng et al., 2019b; Deng et al., 2021b;
Liu et al., 2021b; Liu et al., 2022a; Naguib et al., 2022;
Guyard-Nicodeme et al., 2023; Tantrawatpan et al.,
2023; Zhang et al., 2023; Feng et al., 2024; Wang et al.,
2024; Xue et al., 2024). This large variation can only be
explained by the interaction of multiple factors,
including sanitation, management, population density,
living conditions, and feeding mode (Deng et al., 2021b;
Barati et al., 2022; Liu et al., 2022a; Su et al., 2022).
Additionally, detection method, instrumentation,
reagents, and primers are also important factors
affecting the detected Blastocystis prevalence in various
hosts (Maloney et al., 2020; Liu et al., 2021b; Su et al.,
2022; Guyard-Nicodeme et al., 2023; Li et al., 2023;
Zhang et al., 2023). In this study, the overall prevalence
(16.7%) was similar to that seen in the red-crowned
crane (14%, 6/43) in a reserve in Heilongjiang province
and green peafowl (17.7%, 3/17) from a zoo in Henan
province (Wang et al., 2018; Zhang et al., 2021), but was
lower than the prevalence detected in ostrich studies
with smaller sample sizes (31.6% to 42.9%) (Zhao et al.,
2018; Deng et al., 2021b; Zhang et al., 2021). However,
primers, PCR methods, collection time, and reagents
from different manufacturers are likely to be mainly
responsible for the current different results (Li et al.,
2023). Furthermore, these factors possibly also
contribute to the variable infection rates in various bird
species from different regions.

Sequence analysis revealed that all the positive
isolates belonged to the ST7 subtype (Fig. 1). Among
them, identical nucleotide sequences were found, with
100% similarity to ST7 found in quails and only 1-2
nucleotide differences to sequences found in peafowls
from previous studies in the surrounding area (Liu et
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al.,, 2021a; Liu et al., 2021b). In view of recent
epidemiological surveys, ST7 was the dominant
subtype found in domestic and wild birds, followed by
ST6 (Barati et al, 2022; Naguib et al, 2022;
Tantrawatpan et al., 2023; Zhang et al., 2023; Feng et al.,
2024; Wang et al., 2024; Xue et al., 2024). In addition,
several STs (ST1, ST4, ST5, ST8, ST8, ST10, ST14, ST23,
ST24, and ST25), containing potentially novel STs, had
been reported in a few avian hosts (Su et al., 2022; Li et
al., 2023; Tantrawatpan et al., 2023; Zhang et al., 2023
Feng et al., 2024; Xue et al., 2024). Thus, Blastocystis ST7
seems to be a dominant avian-adapted subtype.
However, many genetic polymorphisms were
confirmed between the intra-subtypes of ST7 from the
same bird species or among different avian hosts (Liu
et al., 2021b; Liu et al., 2022a; Aykur et al., 2024; Feng et
al., 2024). The reason for this remains unclear, but it
might be that the SSU rRNA gene is not adequate for
the identification and classification of ST7-type
Blastocystis or a stronger host-adaptation may be
present here (Rezaei Riabi ef al., 2018; Aykur et al., 2024;
Yuan et al., 2024). In the present study, the intra-genetic
homogeneity of ST7 might indicate that these birds did
not frequently move to other habitats or regions. In
addition, previous surveys sampled during cold
climates, while this experiment was conducted during
warmer climates, which might explain the high
incidence of ST7.

Previously, Blastocystis ST7 was defined as a
pathogenic parasite, due to the presence of diarrhea in
humans and mice (Yason et al., 2019; Deng et al., 2022a).
However, with the discovery and reporting of a large
number of ST7 isolates, most animal hosts colonized by
this subtype showed no clinical symptoms, especially
not wild birds (Barati et al., 2022; Zhang et al., 2023; Xue
et al., 2024). Thus, the ST7 isolates commonly found in
animals could be a non-pathogenic strain. Remarkably,
Blastocystis is most commonly reported in studies of
asymptomatic individuals, and increasing evidence
suggests that Blastocystis belongs to a beneficial
intestinal symbiosis and can be considered a biomarker
or an indicator of a healthy gut (Billy et al., 2021; Deng
etal.,2021a; Deng et al., 2022b; Feranmi, 2022; Stensvold
et al., 2022; Deng et al., 2023). This notion is supported
by studies on asymptomatic chickens, ducks, and geese
(Falkowski et al., 2022; Liu et al., 2022a; Gomes-
Gongalves et al., 2024). Therefore, the detection of ST7
from avian hosts probably indicates a healthy or
normal bird. Besides, all the fecal specimens from this
study appeared normal, similar to the samples from
the above-mentioned studies. Unfortunately, studies
on the cross-transmission of this type of ST7 to humans
are scant, and the transmission risk to residents should
not be ignored in this city.

This study is the second survey of the infection
state of Blastocystis in free-living birds in urban
Xinxiang city. A higher infection rate and obvious
subtype divergence were observed compared to the
first survey. Stronger host-adaptation was seen for the
ST7 strain in free-living birds, but the potential
zoonotic risk remains, and health authorities need to
remain vigilant. In addition, routine surveillance of
urban wildlife should be conducted to mitigate public
health implications for urban residents.
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Table 1
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Prevalence and distribution of Blastocystis subtypes in wild free-living birds in the present study.

Location/ sampling site No. specimens

No. positive Prevalence P Subtype

University 1 21
University 2 71
Community 1 16
Community 2 6

Total 114

7 33.3% 0.028

9 12.7% reference
0 0 0.133

3 50% 0.016

19 16.7%

ST7 (7)
ST7 (9)

ST7 (3)
ST7(19)

Reference: a baseline group

0.050

ST31-White-tailed deer-USA-MZ267676

ST32-Goat-Colombia-MZ265403

ST25-Cattle-USA-MW887933

ST21-White-tailed deer-USA-MW887929
ST14-Mouflon-UK-KC148206

57 ST24-White-tailed deer-USA-MW887930
ST24-Free-living wild bird-China-OP630558

— ST26-Cattle-USA-MW887932

ST12-Marsupial-JTapan-EU427515
%iZTBO-White-tailed deer-USA-MZ7267677
ST13-Mouse deer-UK-KC148209

ST11-Elephant-USA-MT898455
68| [STI-Human-J apan-AB107962
92 §T2-Non-human primate-JTapan-AB070997
Sér ST9-Human-Japan-KT438703

ST27-Indian peafowl-Brazil-MW887934
—— ST6-Quail-Japan-AB070995

79

ST4-Human-Germany-AY244620

78l ST5-Ostrich-Brazil-MN472768

ST3-Cattle-Japan-AB107965

ST8-Pheasant-Japan-AB107971

ST23-Cattle-USA-MW887931

ST10-Pere David's deer-China-OK559530

ST10-Dromedary-Libya-KC148207

ST10-Free-living wild bird-China-OP630557
ST7-Goose-Japan-AB107973

= ST7--FLWBS isolate-this study
ST7-Quail-China-MW867031

ST7-Peafowl-China-MK861932

og| ST33-Horse-Colombia-ON932569
ST34-Horse-Colombi-ON932571

ST29-Chicken-Brazil-MW538473

50

ST16-Marsupial-Japan-EU427514

ST17-Gundi-Libya-KC148208

03 I: ST15-Non human primate-UK-KC148211
ST28-Indian peafowl-Brazil-MW887935

Figure 1

Proteromonas lacertae-U37108

Neighbor-joining (N]) tree of the SSU rDNA gene of Blastocystis isolates from free-living wild birds in urban China in

relation to reference sequences. Bootstrap values were obtained using 1,000 pseudoreplicates, and those with >50% are
shown. Proteromonas lacertae was used as the outgroup. Bar = substitutions/ site.



Liu X. et al. / Thai | Vet Med. 2025. 55(4): 2.

Acknowledgments

This work was supported, in part, by the College
Students' Innovative Entrepreneurial Training Plan
Program (number 202410467029), Henan Science and
Technology Attack Project (252102110047), National
Natural Science Foundation of China (32172862,
32473037), National Key R&D Program of China
(2021YFD1301200), Natural Science Foundation of
Henan (222300420043), Science and Technology
Innovative Research Team in Higher Educational
Institutions of Henan Province (24IRTSTHNO035), the
joint fund of science and technology research and
development plan in Henan province (225200810044),
Key Research and Development Project of Henan
Province (241111110100).

Availability of data and materials: All the sequences
obtained in this study are available and have been
submitted to GenBank at the NCBI (PV665019).

References

Ajjampur SS and Tan KS 2016. Pathogenic mechanisms
in Blastocystis spp. - Interpreting results from in vitro
and in vivo studies. Parasitol Int. 65: 772-779.

Andersen LO and Stensvold CR 2016. Blastocystis in
health and disease: Are we moving from a clinical
to a public health perspective?. ] Clin Microbiol. 54:
524-528.

Aykur M, Malatyali E, Demirel F, Comert-Kogak B,
Gentekaki E, Tsaousis AD and Dogruman-Al F
2024. Blastocystis: A mysterious member of the gut
microbiome. Microorganisms 12: 461.

Barati M, KarimiPourSaryazdi A, Rahmanian V,
Bahadory S, Abdoli A, Rezanezhad H, Solhjoo K
and Taghipour A 2022. Global prevalence and
subtype distribution of Blastocystis sp. in rodents,
birds, and water supplies: A systematic review and
meta-analysis. Prev Vet Med. 208: 105770.

Billy V, Lhotska Z, Jirktt M, Kadlecova O, Frgelecova L,
Parfrey LW and Pomajbikova KJ 2021. Blastocystis
colonization alters the gut microbiome and, in
some cases, promotes faster recovery from induced
colitis. Front Microbiol. 12: 641483.

Deng L, Chai Y, Zhou Z, Liu H, Zhong Z, Hu Y, Fu H,
Yue C and Peng G 2019a. Epidemiology of
Blastocystis sp. infection in China: A systematic
review. Parasite 26: 41.

Deng L, Lee JW and Tan KS 2022a. Infection with
pathogenic Blastocystis ST7 is associated with
decreased bacterial diversity and altered gut
microbiome profiles in diarrheal patients. Parasit
Vectors. 15: 312.

Deng L, Wojciech L, Gascoigne N, Peng G and Tan K
2021a. New insights into the interactions between
Blastocystis, the gut microbiota, and host immunity.
Plos Pathog. 17: €1009253.

Deng L, Wojciech L, Png CW, Kioh YQD, Ng GC, Chan
ECY, Zhang Y, Gascoigne NR] and Tan KSW 2023.
Colonization with ubiquitous protist Blastocystis
ST1 ameliorates DSS-induced colitis and promotes
beneficial microbiota and immune outcomes. NPJ
Biofilms Microbiomes. 9: 22.

Deng L, Wojciech L, Png CW, Koh EY, Aung TT, Kioh
DYQ, Chan ECY, Malleret B, Zhang Y, Peng G,

5

Gascoigne NR] and Tan KSW 2022b. Experimental
colonization with Blastocystis ST4 is associated with
protective immune responses and modulation of
gut microbiome in a DSS-induced colitis mouse
model. Cell Mol Life Sci. 79(5): 245.

DengL, Yao ], ChenS, He T, Chai Y, Zhou Z, Shi X, Liu
H, Zhong Z, Fu H and Peng G 2021b. First
identification and molecular subtyping of
Blastocystis sp. in zoo animals in southwestern
China. Parasit Vectors. 14: 11.

Deng L, Yao JX, Liu HF, Zhou ZY, Chai Y], Wang WY,
Zhong Z]J, Deng JL, Ren ZH, Fu HL, Yan X, Yue CJ
and Peng GN 2019b. First report of Blastocystis in
giant pandas, red pandas, and various bird species
in Sichuan province, southwestern China. Int J
Parasitol Parasites Wildl. 9: 298-304.

Falkowski P, Gawel A and Bobrek K 2022. Prevalence
of Blastocystis in geese reproductive flocks. Animals
12:291.

Feng X, Xin L, Zhang B, Wang Z, Meng Z, Yu F and Qi
M 2024. Molecular characterization of Blastocystis
spp. in Hotan Black chickens in southern Xinjiang. J
Eukaryot microbiol. 71: e13012.

Feranmi F 2022. Blastocystis subtype 4 linked to gut
microbiota stability. Lancet Microbe. 3: e564.

Figueiredo AM, Santin M, Koéster PC, Dashti A,
Maloney ]G, Torres RT, Fonseca C, Mysterud A,
Carvalho ], Hipdlito D, Rossa M, Palmeira JD,
Gonzalez-Barrio D, Calero-Bernal R and Carmena
D 2024. Molecular detection and characterization of
Blastocystis in herbivore livestock species in
Portugal. Vet Parasitol. 327: 110147.

Gomes-Gongalves S, Rodrigues D, Santos N, Gantois
N, Chabé M, Viscogliosi E and Mesquita JR 2024.
Molecular screening and characterization of enteric
protozoan parasites and microsporidia in wild
ducks from Portugal. Animals 14: 2956.

Guilavogui T, Gantois N, Even G, Desramaut J, Dautel
E, Denoyelle C, Cissé FI, Touré SC, Kourouma BL,
Sawant M, Chabé M, Certad G and Viscogliosi E
2022. Detection, molecular identification and
transmission of the intestinal protozoa Blastocystis
sp. in guinea from a large-scale epidemiological
study conducted in the Conakry area.
Microorganisms 10: 446.

Guyard-Nicodeme M, Anis N, Naguib D, Viscogliosi E
and Chemaly M 2023. Prevalence and association of
Campylobacter spp., Salmonella spp., and Blastocystis
sp. in poultry. Microorganisms 11: 1983.

Hublin JSY, Maloney JG and Santin M 2021. Blastocystis
in domesticated and wild mammals and birds. Res
Vet Sci. 135: 260-282.

Jinatham V, Maxamhud S, Popluechai S, Tsaousis AD
and Gentekaki E 2021. Blastocystis One health
approach in a rural community of Northern
Thailand: Prevalence, subtypes and novel
transmission routes. Front Microbiol. 12: 746340.

Koehler AV, Herath HMPD, Hall RS, Wilcox S and
Gasser RB 2024. Marked genetic diversity within
Blastocystis in Australian wildlife revealed using a
next generation sequencing-phylogenetic
approach. Int J Parasitol Parasites Wildl. 23.

Kwon JY, Choi JH, Lee HI, Ju JW and Lee MR 2024.
Molecular prevalence of Blastocystis sp. from



patients with diarrhea in the Republic of Korea.
Microorganisms 12: 523.

Li T, Feng H, Zheng Y, Lv ], Zhang C, Yang X and Liu
X 2023. First identification and molecular
subtyping of Blastocystis in free-living wild birds
from urban Xinxiang, China. Vet Res Commun. 47:
2357-2362.

Liu X, NiF, Li ], Wang R, Yang X, Ge Y, Zhang L and
Qi M 2022a. Research Note: Prevalence and
zoonotic concern of Blastocystis in farmed chickens
in southern China. Poult Sci. 102182.

Liu X, Ni F, Wang R, Li J, Ge Y, Yang X, Qi M and
Zhang L 2022b. Occurrence and subtyping of
Blastocystis in coypus (Myocastor coypus) in China.
Parasit Vectors. 15: 14.

Liu X, Yang X, An Z, Ge Y, Wang R, Dong H and Zhu
H 2021a. Subtyping of Blastocystis infection in
common quails (Coturnix coturnix) in Xinxiang city
of China. Thai J Vet Med. 51: 767-771.

Liu X, Zhang S, Dong H, Wang R, Zhang L and Ge Y
2021b. Prevalence and molecular characteristics of
Blastocystis sp. from peafowl (Pavo Cristatus) in
China. J Parasitol. 107: 790-793.

Maloney ]G, Jang Y, Molokin A, George NS and Santin
M 2021. Wide genetic diversity of Blastocystis in
white-tailed deer (Odocoileus virginianus) from
Maryland, USA. Microorganisms 9: 1343.

Maloney ]G, Molokin A, da Cunha MJR, Cury MC and
Santin M 2020. Blastocystis subtype distribution in
domestic and captive wild bird species from Brazil
using next generation amplicon sequencing.
Parasite Epidem Cont. 9: e00138.

Maloney JG, Molokin A, Segui R, Maravilla P,
Martinez-Hernandez F, Villalobos G, Tsaousis AD,
Gentekaki E, Munoz-Antoli C, Klisiowicz DR,
Oishi CY, Toledo R, Esteban JG, Koster PC, de
Lucio A, Dashti A, Bailo B, Calero-Bernal R,
Gonzalez-Barrio D, Carmena D and Santin M. 2022.
Identification and molecular characterization of
four new Blastocystis subtypes designated ST35-
ST38. Microorganisms 11: 46.

Naguib D, Gantois N, Desramaut J, Arafat N, Even G,
Certad G, Chabé M and Viscogliosi E 2022.
Prevalence, subtype distribution and zoonotic
significance of Blastocystis sp. isolates from poultry,
cattle and pets in Northern Egypt. Microorganisms
1: 2259.

Rauff-Adedotun AA, Meor Termizi FH, Shaari N and
Lee IL 2021. The coexistence of Blastocystis spp. in
humans, animals and environmental sources from
2010-2021 in Asia. Biology 10: 990.

Rezaei Riabi T, Mirjalali H, Haghighi A, Rostami Nejad
M, Pourhoseingholi MA, Poirier P, Delbac F,
Wawrzyniak I and Zali MR 2018. Genetic diversity
analysis of Blastocystis subtypes from both
symptomatic and asymptomatic subjects using a
barcoding region from the 18S rRNA gene. Infect
Genet Evol. 61: 119-126.

Sanggari A, Attah AO, Yahaya ZS and Farah Haziqah
MT 2023. Wild hosts and microscopic worlds:
Investigating the morphology and surface
ultrastructure of Blastocystis sp. in avian and non-
human primate species. Trop Biomed. 40: 392-399.

Santin M, Molokin A and Maloney JG 2023. A
longitudinal study of Blastocystis in dairy calves

Liu X. et al. / Thai | Vet Med. 2025. 55(4): 2.

from birth through 24 months demonstrates
dynamic shifts in infection rates and subtype
prevalence and diversity by age. Parasit Vectors.
16:177.

Scicluna SM, Tawari B and Clark CG 2006. DNA
barcoding of Blastocystis. Protist. 157: 77-85.

Stensvold CR, Sorland BA, Berg R et al. 2022. Stool
microbiota diversity analysis of Blastocystis-
positive and Blastocystis-negative individuals.
Microorganisms 10: 326.

Su C, Mei X, Wei L, Zhang F, Wang J, Chang Y, Wang
M, Tian X, Zhang Z, Li X and Wang S. 2022. First
report of Blastocystis spp. infection in pet birds in
Henan Province, Central China. Vector-Borne
Zoonot. 22: 370-381.

Tantrawatpan C, Vaisusuk K, Thanchomnang T, Pilap
W, Sankamethawee W, Suksavate W, Chatan W,
Bunchom N, Kaewkla O, Stensvold CR and
Saijuntha W 2023. Distribution of Blastocystis
subtypes isolated from various animal hosts in
Thailand. Res Vet Sci. 162: 104939.

Vasana J, Sadiya M, Siam P, Anastasios DT and Eleni
GJFM. 2021. Blastocystis one health approach in a
rural community of Northern Thailand:
Prevalence, subtypes and novel transmission
routes. Front Microbiol. 12: 746340.

Wakid MH, Aldahhasi WT, Alsulami MN, El-Kady
AM and Elshabrawy HA 2022. Identification and
genetic characterization of Blastocystis species in
patients from Makkah, Saudi Arabia. Infect Drug
Resist. 15: 491-501.

Wang HJ, Chen D, Ma ZH, Liu CF, Li WD, Hao Y, Yang
JS, Lin QB, Zhang DW, Li Y, Yu Y, Cong W and
Song LW 2024. Molecular detection, subtyping of
Blastocystis sp. in migratory birds from nature
reserves in Northeastern China. Acta Trop. 258:
107355.

Wang J, Gong B, Liu X, Zhao W, Bu T, Zhang W, Liu A,
and Yang F 2018. Distribution and genetic diversity
of Blastocystis subtypes in various mammal and
bird species in Northeastern China. Parasit Vectors.
11:522.

Zhao W, Ren G, Wang L, Xie L, Wang ], Mao ], Sun Y,
Lu G and Huang H 2024. Molecular prevalence and
subtype distribution of Blastocystis spp. among
children who have diarrheic or are asymptomatic
in Wenzhou, Zhejiang Province, China. Parasite.
31:12.

Xue NY, Qin SY, Qin Y, Wang HT, Hou QY, Yang X,
Jiang ] and Ni HB 2024. Existence of Blastocystis
infection in bar-headed goose (Anser indicus). Res
Vet Sci. 178: 105380.

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

Wang Y, Lai X, Liu R, Li ], Ren G, Lu X, Wu Y, Khan J,
Yu X, Qiang Y, Lei S, Zhang Y and Lu G 2024.
Molecular prevalence and subtype characteristics
of Blastocystis among school children in Hainan,
the tropical island province of China. Acta Trop.
258: 107353.

Zhang K, Qin Z, Qin H, Wang Y, Wang L, Fu Y, Hou
G, JiC, Yuan Y and Zhang L 2023. First detection of



Liu X. et al. / Thai | Vet Med. 2025. 55(4): 2.

Blastocystis sp. in migratory whooper swans
(Cygnus cygnus) in China. One Health 16: 100486.

Zhang K, Zheng S, Wang Y, Wang K, Wang Y,
Gazizova A, Han K, Yu F, Chen Y and Zhang L
2021. Occurrence and molecular characterization of
Cryptosporidium spp., Giardia duodenalis,
Enterocytozoon bieneusi, and Blastocystis sp. in
captive wild animals in zoos in Henan, China. BMC
Vet Res. 17: 332.

Zhao GH, Hu XF, Liu TL, Hu RS, Yu ZQ, Yang WB, Wu
YL, Yu SK and Song JK 2018. Molecular
characterization of Blastocystis sp. in captive wild
animals in Qinling Mountains. Parasitol Res. 117:
343-344.



	Re-survey of Blastocystis infection in free-living birds from urban Xinxiang city
	Recommended Citation

	Re-survey of Blastocystis infection in free-living birds from urban Xinxiang city
	Authors

	Re-survey of Blastocystis infection in free-living birds from urban Xinxiang city

