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Abstract
Blastocystis is a unicellular, anaerobic protist inhabiting the intestinal tract of diverse animal hosts, including human. Informa-
tion regarding Blastocystis in small ruminants, namely goats and sheep, is limited globally; thus, this study was carried out 
to investigate the distribution and determinants of Blastocystis in ruminant livestock animals from Penang, Malaysia. Fecal 
samples from 127 cattle, 149 goats, and 100 sheep were examined for Blastocystis by in vitro cultivation using modified 
Jones’ medium, while DNA barcoding was used for subtyping. Overall, 23.1% (87/376) of animals screened were positive 
for Blastocystis sp. The prevalence of infection was significantly higher in goats than in cattle and sheep, while the female 
gender, semi-intensive farming system, and the Northeast Penang Island district were identified as potential risk factors for 
Blastocystis infection. Blastocystis sp. ST5, ST14, and ST25 were identified in cattle; ST5, ST10, ST13, and ST14 in goats; 
and ST4, ST5, ST14, and ST15 in sheep. ST5 and ST14 were found to be the most abundant and widespread subtypes in the 
study area. To the best of our knowledge, this is the first report of ST4 from sheep and ST13 from goats, thus serving as an 
update to the host range of Blastocystis sp. ST4 and ST13. The isolation of ST4 and ST5 in this study suggests that ruminant 
livestock animals could serve as reservoirs of human infection.
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Introduction

Blastocystis sp. is a unicellular protist that belongs to the 
Stramenopiles, a complex assemblage of “botanical Pro-
tists” (Silberman et al. 1996; Ahmed and Karanis 2018). 
It has been detected worldwide in diverse animal hosts 
including humans and is referred to as the most frequently 
observed enteric eukaryotic symbiont in mammals and birds 
(Tan 2008; Adao and Rivera 2018). The transmission of 

this organism is by the fecal–oral route and mainly via the 
ingestion of feces-contaminated food and water (Clark et al. 
2013); animal-to-human and human-to-animal transmission 
can occur (Hublin et al. 2020). Blastocystis is a fascinat-
ing organism; it displays morphological polymorphism and 
extensive genetic diversity, and its role as either a commen-
sal or parasite in the host gut is controversial (Lepczyńska 
et al. 2017). Based on the phylogeny of the small subunit 
ribosomal RNA (SSU rRNA) gene, at least 32 genetic line-
ages (subtypes) of Blastocystis have been proposed in a wide 
range of hosts including humans, other mammals, and birds, 
and at least 28 subtypes (ST1–ST17, ST21, and ST23–ST32) 
are generally accepted as valid subtypes (Liu et al. 2022). 
The presence of Blastocystis sp. ST1-ST10, ST12, ST14, and 
ST16 reported in humans (Khaled et al. 2021; Osorio-Pul-
garin et al. 2021) have also been reported in various animal 
hosts indicating the possible occurrence of zoonotic trans-
mission (Higuera et al. 2021; Rauff-Adedotun et al. 2021).

Livestock-associated infectious agents have become 
a major threat to human health with veterinarians, 
slaughterhouse workers, and farmers at higher risk of 
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infection (Klous et al. 2016). Irrespective of farming sys-
tem employed in livestock production, livestock animals 
worldwide have been reported as hosts to Blastocystis 
(Hublin et al. 2020). Nevertheless, information regarding 
Blastocystis in small ruminants, namely goats and sheep, 
is still scarce globally with most reports involving a small 
number of samples (Hublin et al. 2020). In Malaysia, the 
livestock industry is continually expanding especially as 
ruminants livestock production in Malaysia is inadequate 
to meet consumer demands (International Trade Adminis-
tration 2021). However, a few studies have illustrated the 
presence of Blastocystis sp. in ruminant livestock animals 
(Tan et al. 2013; Noradilah et al. 2017; Mohammad et al. 
2018; Abd Razak et al. 2019; Kamaruddin et al. 2020), 
with even fewer reporting on the subtypes present. From 
available studies from Malaysia, Blastocystis sp. ST1, 
ST3, ST4, ST5, ST10, and ST14 were reported in cattle 
(Mohammad et al. 2018; Kamaruddin et al. 2020), while 
ST1, ST3, ST4, ST6, ST7, ST8, and ST10 were reported in 
goats (Tan et al. 2013; Noradilah et al. 2017). There are no 
reports on Blastocystis sp. subtypes in sheep in Malaysia. 
Subtype analysis of Blastocystis infection is essential to 
understand the distribution, and transmission dynamics 
of this organism. Notably, it is common to find surveys 
reporting on risk factors or predictors of Blastocystis sp. 
infection in humans (Lee et al. 2012; Osman et al. 2016; 
Hidalgo et al. 2019; Deng et al. 2020); this is rarely the 
case in animal surveys. Thus, the aim of this study is to 
describe the prevalence, potential risk factors, and sub-
types of Blastocystis sp. in cattle, goats, and sheep from 
Penang, Malaysia.

Materials and methods

Sampling

This survey was conducted in Penang, Malaysia (Fig. 1). 
It occupies a total area of 1048  km2 and situated at 
5°24′52.2″N 100°19′45.12″E. Sampling was carried out in 
40 ruminant livestock farms across four districts of Penang 
(Northeast Penang Island, Southwest Penang Island, North 
Seberang Perai, South Seberang Perai). These farms rely on 
the Department of Veterinary Services (DVS) Penang for 
health and extension services. Ruminant livestock animal 
groups included in this research were cattle (Bos taurus), 
goat (Capra hircus), and sheep (Ovis aries). Data related 
to the study animals (gender, age, production purpose, 
and fecal type) and the farms (the livestock farm manage-
ment system—intensive, semi-intensive, or extensive) were 
recorded. The intensive farm management system rears its 
livestock in zero-grazing units, with feed and water ade-
quately provided. Animals reared under the semi-intensive 
system are allowed to graze pasture during the day and kept 
in the shelter at night with supplementary feeding. The 
extensive system allows animals to graze during the day 
and night.

Ethical approval

All applicable international, national, and/or institutional 
guidelines for the care and use of animals were followed. 
Animal ethical approval was obtained from USM Institu-
tional Animal Care and Use Committee (USM IACUC), 

Fig. 1  Map of Peninsular 
Malaysia showing Penang state 
and the districts of sample col-
lection
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Universiti Sains Malaysia. Meanwhile, permission for sam-
pling activities was obtained from the DVS Penang and the 
Department of Veterinary Services, Ministry of Agriculture 
and Agro-based Industry Malaysia.

Sample collection

Animals involved in this study were chosen randomly, 
according to convenience, from farms scheduled for visi-
tation by the DVS, from January to February 2021. All 
animals appeared healthy. Fresh fecal samples of ruminant 
livestock animals were collected directly from the rectum of 
selected animals; and when this method of collection was 
not achievable, freshly voided fecal samples were carefully 
collected from the ground. Animals from which samples had 
been obtained were marked to avoid multiple examination 
of same animal. The fecal samples were placed into labeled 
screw-cap stool collection containers and transported imme-
diately to the USM Veterinary Parasitology Laboratory, 
School of Biological Sciences, Universiti Sains Malaysia, 
Penang, Malaysia, for Blastocystis examination. Information 
on study animals and farms involved in this study is given 
in Table 1.

In vitro cultivation

A pea-sized amount of each freshly collected fecal sample 
or caecal content was inoculated into a sterile screw-top 
tube containing 3 ml of Jones’ medium supplemented with 
10% heat-activated horse serum as described by Suresh and 
Smith (2004). Each sample was incubated vertically at 37 °C 
and examined after 48 h for the presence of various forms 
of Blastocystis sp. by placing a drop of the sediment onto a 
microscope slide and viewing it using a light microscope at 
400 × magnification. Samples from which the various forms 
of Blastocystis sp. were observed were recorded as positive. 

Sediments from Blastocystis sp. positive cultures were stored 
at − 20 °C until molecular studies. However, samples from 
which no form of Blastocystis sp. was observed from first 
culture were sub-cultured and re-observed on the third day. 
Samples were then considered negative if no forms of Blas-
tocystis sp. were observed on day 3 of subculture.

DNA barcoding

Genomic DNA was extracted from each Blastocystis sp.-
positive culture using the Nucleospin DNA Stool Kit (Mach-
erey–Nagel, Germany) according to the manufacturer’s pro-
tocol and stored at − 20 °C until polymerase chain reaction 
(PCR) analyses. DNA extracts were submitted to a single-
step PCR for amplification of the barcode region of the SSU 
rRNA gene of Blastocystis using primers RD5 (5′-ATC TGG 
TTG ATC CTG CCA GT-3′) and BhRDr (5′-GAG CTT TTT 
AAC TGC AAC AACG-3′) (Clark 1997; Scicluna et al. 2006).

The PCR was performed in a 50-µl reaction volume 
containing 25 µl of Vivantis 2 × Taq Master Mix, 2.5 mM 
 MgCl2, 0.5 µl of each primer (at 10 µM primer concentra-
tion), and 2 µl of DNA. PCR conditions consisted of an ini-
tial denaturing step of 95 °C for 5 min, followed by 30 cycles 
of 95 °C for 1 min, 56.3 °C for 1 min 30 s, and 72 °C for 
1 min, then followed by a final elongation step of 72 °C at 
10 min. All PCR amplifications were completed with a Bio-
Rad Thermo Cycler (USA). Electrophoresis was carried out 
using 1.5% agarose gel in Tris–Acetate-EDTA buffer. PCR 
products with visible bands of about 600 bp were sent to 
Apical Scientific, Malaysia, for purification and sequencing.

Blastocystis subtyping and phylogenetic analysis

The SSU rDNA sequences obtained were compared with 
published Blastocystis sp. homologous sequences resulting 
from Basic Local Alignment Search Tool (BLAST) calls in 

Table 1  Population of study 
animals and farms involved in 
this study according to district

NA not available
*Each farm was exclusive to an animal group

District Cattle Goat Sheep

Number of 
 farms*

Number of 
animals

Number of 
 farms*

Number of 
animals

Number of 
 farms*

Number of 
animals

Northeast
Penang Island

2 15 3 20 NA NA

Southwest
Penang Island

9 85 2 25 10 100

North Seberang
Perai

2 14 7 79 NA NA

South Seberang
Perai

2 13 3 25 NA NA

Total 15 127 15 149 10 100
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the National Center for Biotechnology Information (NCBI) 
database (https:// blast. ncbi. nlm. nih. gov/ Blast. cgi). The 
subtypes were determined by exact matches or above 95% 
similarity with published reference sequences from the Gen-
Bank database. The SSU rDNA sequences obtained were 
also queried against the Blastocystis (18S) and Sequence 
Typing (MLST) databases (https:// pubml st. org/ Blast ocyst 
is/) sited at the University of Oxford (Jolley et al. 2018) for 
identification to allele levels.

Nucleotide sequences obtained in this study and full-
length reference nucleotide sequences for all accepted 
Blastocystis sp. subtypes obtained from the reference data-
base (http:// entam oeba. lshtm. ac. uk/ blast orefs eqs. htm) on 
12 December 2021 were included in phylogenetic analysis. 
Complete SSU rRNA gene sequence of Proteromonas lac-
erate (U37108), an organism of close phylogenetic relation 
to Blastocystis sp., was also obtained to serve as the out-
group. Multiple sequence alignment was carried out with 
the Muscle algorithm in Mega 11 software (http:// www. 
megas oftwa re. net/) (Tamura et al. 2021) and the alignment 
was edited to include only the barcode region. Evolutionary 
trees were reconstructed using the Neighbor-Joining (NJ) 
and Maximum-Likelihood (ML) methods by the Tamura-
3-parameter substitution model using Mega 11. The reli-
ability of the clades generated by the trees was assessed by 
bootstrap analysis with 1000 replicates.

Newly generated nucleotide sequences of the barcod-
ing region of Blastocystis sp. SSU rRNA gene obtained in 
this survey were deposited in GenBank under the accession 
numbers ON738374-ON738382, ON738385-ON738404, 
and ON738409-ON738418.

Statistical analysis

Analysis of data was performed using the SPSS version 
26.0 (SPSS Inc., Chicago, IL, USA). Frequency and per-
centages were used to present the prevalence of infections. 
Chi-square test (χ2) was used to compare the prevalence of 
Blastocystis sp. within host groups, age groups, genders, and 
other variables. Differences were considered statistically sig-
nificant when p-values < 0.05. Bivariate logistic regression 
analysis was used to determine the associated risk factors for 

Blastocystis sp. infection. The p-values less than 0.05 was 
considered statistically significant.

Results

Prevalence and potential risk factors of Blastocystis 
sp. infection

A total of 376 ruminant livestock animals from 40 live-
stock farms were examined for Blastocystis sp. infection by 
in vitro cultivation. Farm animals involved were 127 cattle, 
149 goats, and 100 sheep. Overall, 23.1% (87/376) of ani-
mals were examined positive for Blastocystis sp. The preva-
lence of infection was significantly higher in goats (35.6%) 
than in cattle and sheep (x2 = 21.545, p < 0.001) (Table 2). In 
general, 65% (26/40) of the livestock farms involved had one 
or more infected animals. Infection was the most common 
in sheep-rearing farms with 80% (8/10) of them having with 
one or more Blastocystis-infected; however, the frequency of 
livestock farms with infection based on type of animal reared 
did not vary significantly (x2 = 1.905, p = 0.386).

Within ruminant livestock animal groups, the prevalence 
of infection differed based on the different demographic 
characteristics (Table 3). Mostly, these variations were not 
of statistical significance. A significantly higher frequency 
of Blastocystis sp. infection was observed in cattle reared 
in a semi-intensive system than in the intensive husbandry 
system (x2 = 5.480, p = 0.019), and in goats raised within 
South Seberang Perai than those of other districts of Pen-
ang x2 = 10.111, p = 0.018). Likewise, sheep aged less than 
1 year had a significantly lower prevalence of infection than 
those aged from 1 to 2 years old (x2 = 4.233, p = 0.040).

Results from bivariate logistic regression analysis of 
potential risk factors associated with Blastocystis sp. infec-
tion among ruminant livestock animals in Penang are pre-
sented in Table 4. Demographic characteristics were used for 
this analysis. Three factors were identified namely, gender, 
farming system, and district from which the animals were 
sampled. Male animals were less likely to have infections 
compared to females (OR = 0.531, 95% CI, 0.290–0.973, 
p = 0.041), while animals raised under semi-intensive 
system were more at risk of infection when compared to 

Table 2  Prevalence of 
Blastocystis sp. in ruminant 
livestock farms and animals in 
Penang, Malaysia

Animal group No. of farms with 
infections/examined 
(%)

No. of animals 
infected/examined 
(%)

Blastocystis sp. subtypes identified

ST4 ST5 ST10 ST13 ST14 ST15 ST25

Cattle 8/15 (53.3) 20/127 (15.7) – 2 – – 7 – 1
Goats 10/15 (66.7) 53/149 (35.6) – 9 1 2 8 – –
Sheep 8/10 (80.0) 14/100 (14.0) 2 5 – – 2 1 0
Total 26/40 (65) 87/376 (23.1) 2 16 1 2 17 1 1

https://blast.ncbi.nlm.nih.gov/Blast.cgi
https://pubmlst.org/Blastocystis/
https://pubmlst.org/Blastocystis/
http://entamoeba.lshtm.ac.uk/blastorefseqs.htm
http://www.megasoftware.net/
http://www.megasoftware.net/
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animals raised under intensive system (OR = 2.266 95% CI, 
1.315–3.904, p = 0.003). Furthermore, ruminant livestock 
animals from Northeast Penang Island District were the most 
at risk of Blastocystis sp. infection.

Subtype and allele distribution of Blastocystis sp.

All 87 samples that were examined positive using in vitro 
cultivation were subjected to DNA barcoding. From these, 

39 isolates were successfully corresponded to a single sub-
type Blastocystis infection indicated by single peaks visible 
from the chromatogram of each sequence. Other isolates 
revealed poor-quality sequences, which were associated 
with faint bands on agarose gel and were likely caused by 
inadequate amounts of DNA. Based on the NCBI nucleo-
tide BLAST results, Blastocystis sp. subtypes identified 
from the livestock animals screened were ST4, ST5, ST10, 
ST13, ST14, ST15, and ST25. As shown in Table 2, three 

Table 3  Blastocystis sp. infection in ruminants from Penang according to different variables

NA not available
*Significant association (p < 0.05)

Variable Cattle Goat Sheep

No. examined No. of positives (%) No. examined No. of positives (%) No. examined No. of positives (%)

Gender
  Male 57 6 (10.5) 53 14 (26.4) 60 9 (15)
  Female 70 14 (20) 96 39 (40.6) 40 5 (12.5)

  X2 2.125 3.009 0.125
  p-value 0.145 0.083 0.724

Age
   < 1 year 8 1 (12.5) 57 19 (33.3) NA NA
  1–2 years 71 14 (19.7) 42 15 (35.7) 88 10 (11.4)
   > 2 years 48 5 (10.4) NA NA 12 4 (33.3)
  Unknown NA NA 50 19 (38.0) NA NA

  X2 1.935 0.254 4.233
  p-value 0.380 0.881 0.040*

Production purpose
  Dairy 58 9 (15.5) NA NA NA NA
  Beef 54 6 (11.1) NA NA NA NA
  Unknown 15 5 (33.3) NA NA NA NA

  X2 4.374
  p-value 0.112

Farming system
  Intensive 91 10 (11) 22 10 (45.5) 100 14 (14)
  Semi-intensive 36 10 (27.8) 77 24 (31.2) NA NA
  Unknown NA NA 50 19 (38.0) NA NA

  X2 5.480 1.549
  p value 0.019* 0.213

Fecal type
  Watery 14 3 (21.4) NA NA NA NA
  Normal 113 17 (15) 149 53 (35.6) 100 14 (14)

  X2 0.383
  p-value 0.536

Districts
  Northeast Penang Island 15 5 (33.3) 20 10 (50.0) NA NA
  Southwest Penang Island 85 10 (11.8) 25 11 (44.0) 100 14 (14)
  North Seberang Perai 14 2 (14.3) 79 19 (24.1) NA NA
  South Seberang Perai 13 3 (23.1) 25 13 (52.1) NA NA

  X2 5.061 10.111
  p-value 0.167 0.018*
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Blastocystis sp. subtypes, namely ST5, ST14, and ST25, 
were identified in cattle, with ST14 being the most frequent 
(66.7%) and ST25 the least detected (11.1%). In goats and 
sheep, four subtypes were observed; ST5 was the most com-
mon subtype in both animal groups (45% in goats, 50% in 
sheep), while ST10 and ST15 were the least observed in 
goats (5%) and sheep (10%), respectively. Blastocystis sp. 

ST5 and ST14 were found to be widespread across all three 
ruminant livestock animals groups examined. Blastocystis 
18S allele calling revealed exact matches for thirteen iso-
lates belonging to Blastocystis sp. ST5—alleles 16 and 115. 
Allele 16 was identified across all three ruminant livestock 
animal groups, while allele 115 was identified in goats alone 
(Fig. 2).

Table 4  Bivariate logistic 
regression analysis of factors 
associated with Blastocystis 
sp. infection among livestock 
animals in Penang, Malaysia

OR odds ratio, CI confidence interval
*Significant association (p < 0.05)

Variables No. examined No. of positives (%) OR (95% CI) p-value

Animal group
  Cattle 127 20 (15.7) 1 0.719
  Goat 149 53 (35.6) 1.431 (0.458–4.475) 0.538
  Sheep 100 14 (14.0) 1.336 (0.552–3.232) 0.521

Gender
  Female 206 58 (28.2) 1
  Male 170 29 (17.1) 0.531 (0.290–0.973) 0.041*

Age
   < 1 year 65 20 (30.8) 1 0.703
  1–2 years 201 39 (19.4) 0.760 (0.283–2.043) 0.587
   > 2 years 60 9 (15.0) 1.048 (0.294–3.729) 0.943
  Unknown 50 19 (38.0)

Farming system
  Intensive 213 34 (16.0) 1
  Semi-intensive 113 34 (30.1) 2.266 (1.315–3.904) 0.003*
  Unknown 50 19 (38.0)

Districts
  Northeast Penang Island 35 15 (42.9) 1 0.001*
  Southwest Penang Island 210 35 (16.7) 0.028 (0.005–0.171) 0.000*
  North Seberang Perai 93 21 (22.6) 0.165 (0.050–0.545) 0.003*
  South Seberang Perai 38 16 (42.1) 0.019 (0.001–0.384) 0.010*

Fig. 2  Frequency of Blasto-
cystis subtypes and 18S alleles 
detected in ruminant livestock 
animals in Penang, Malaysia
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Phylogenetic analyses of Blastocystis sp. isolates

Generally, the evolutionary trees inferred by the NJ 
(Fig.  3) and ML (Fig.  4) methods, from the barcod-
ing region of the SSU rRNA gene sequences analyzed, 
showed similar topologies. BLAST calls in the NCBI 
database were confirmed by phylogenetic analysis, for 
the isolates obtained, by both NJ and ML methods. 

Blastocystis sp. sequences from ruminant livestock ani-
mals of Penang, Malaysia, nested within clades of refer-
ence sequences belonging to their corresponding subtypes 
with moderate to high bootstrap support for both trees. 
From both NJ and ML trees, the reference isolates for 
ST14 formed two separate clades (“the mouflon” and “the 
others”), so did the ST14 isolates obtained from ruminant 
livestock animals.

Fig. 3  Phylogenetic relation-
ships of nucleotide sequences 
of Blastocystis SSU rRNA 
genes using the NJ method. The 
number on the branches are per-
cent bootstrapping values from 
1000 replicates, with values of 
more than 50% shown in the 
tree. Reference sequences are 
identified by accession number, 
subtype, and host. Newly gener-
ated sequences are identified 
by accession number, host, and 
location. Circle icons represent 
sequences from cattle, square 
icons represent sequences from 
goats, and triangle icons repre-
sent sequences from sheep
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Discussion

The study of Blastocystis and its genetic variants is impor-
tant across different hosts and geographical regions for a 
robust epidemiological picture of this interesting organ-
ism. This is the first report on the presence of Blastocystis 
in ruminant livestock animals in Penang, Malaysia. Bovid 
infection with Blastocystis is widespread despite the varying 

rates revealed from different geographical locations, and 
prevalence of Blastocystis in cattle documented all around 
the world has ranged widely from 1.8% in Spain (Quílez 
et al. 1995) to 100% in Indonesia and Colombia (Suwanti 
et al. 2020; Higuera et al. 2021). When compared with stud-
ies from Malaysia, the 15.7% Blastocystis infection rate 
observed in cattle from Penang in this study is lower than 
34.5% prevalence reported from Perak (Hemalatha et al. 

Fig. 4  Phylogenetic relation-
ships of nucleotide sequences of 
Blastocystis SSU rRNA genes 
using the ML method. The 
number on the branches are per-
cent bootstrapping values from 
1000 replicates, with values of 
more than 50% shown in the 
tree. Reference sequences are 
identified by accession number, 
subtype, and host. Newly gener-
ated sequences are identified 
by accession number, host, and 
location. Circle icons represent 
sequences from cattle, square 
icons represent sequences from 
goats, and triangle icons repre-
sent sequences from sheep
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2014). However, several prevalence rates (33.3%, 43.8%, and 
29.3%) have been reported from different regions of Pahang 
(Mohammad et  al. 2018; Kamaruddin et  al. 2020; Abd 
Razak and Mohammad 2022). The dwelling conditions of 
animals screened by Hemalatha et al. (2014) were not stated; 
however, animals screened by Kamaruddin et al. (2020) and 
Mohammad et al. (2018) were from rural environments, and 
were either allowed to graze freely and drank mainly from 
rivers or were raised in cages with poor sanitation practices 
and facilities. Animals screened by Abd Razak and Moham-
mad (2022) were reared under a semi-intensive system that 
allowed animals to graze for 4 to 6 h a day and housed them 
in the shelter at night. A majority (71.7%; 91/127) of the 
cattle involved in the present study were reared under the 
intensive husbandry system, while none was raised by the 
extensive husbandry system. These animals may be less 
exposed to contamination; consequently, the low prevalence 
of Blastocystis infection observed in cattle in this study.

Universally, descriptions of Blastocystis in small rumi-
nants are limited (Hublin et al. 2020). In sheep from Penang, 
the prevalence of Blastocystis infection observed (14%) is 
higher than the report on sheep from China (5.5%) (Wang 
et al. 2018b) but lower than findings from Perak, Malay-
sia (57.9%) (Hemalatha et  al. 2014); Pahang, Malaysia 
(43.07%) (Abd Razak and Mohammad 2022); and Brazil 
(33.3%) (Moura et al. 2018). The low prevalence of Blas-
tocystis infection detected in sheep in this study could be 
attributable to the intensive husbandry system under which 
all of them were reared and their healthy status as none of 
them showed any diarrhea symptoms. A moderate infection 
rate of Blastocystis (35.6%) was detected in goats in Penang 
in this study. This corresponds to observations from goats 
in Selangor and Perak in Malaysia (Tan et al. 2013), but 
is higher than the infection rates described in goats from 
Pahang, Malaysia (29.16%) (Abd Razak and Mohammad 
2022), and Nepal (0.75%) (Ghimire and Bhattarai 2019). 
The observed prevalence of Blastocystis in goats in this 
study is lower than findings from Perak (65%) (Hemalatha 
et al. 2014), France (50%) (Cian et al. 2017), and Thailand 
(94.7%) (Udonsom et al. 2018). The observation of a sig-
nificantly higher prevalence of infection in goats compared 
to other livestock animals is in concordance with studies of 
Blastocystis sp. infection in livestock animals carried out by 
Hemalatha et al. (2014) in Perak, Malaysia. Surprisingly, a 
similar research design by Wang et al. (2018b) recorded an 
absence of Blastocystis in goats in Heilongjiang Province 
of China; this could be because of the small sample size 
(13) involved. Goats are believed to be less selective and 
scrupulous than cattle and sheep in feeding (Dias-Silva and 
Abdalla Filho 2021) which might increase the chances of 
their exposure to contamination and gastrointestinal infec-
tions, and thus, result in the higher Blastocystis prevalence 
recorded for goats than sheep and cattle recorded.

In general, Blastocystis could be referred to as moderately 
prevalent in livestock in Penang since it was widespread 
among the studied host types with an overall prevalence of 
23.1%. Findings from this study support findings from other 
studies on livestock animals that these livestock animals are 
very commonly infected by Blastocystis, but at different lev-
els. Factors such as study design, geographic location, group 
of animals included in the study (age, gender, or dairy/beef 
cattle), rearing condition, or the detection method used serve 
as reasons for variations in values from several reports (Hub-
lin et al. 2020; Higuera et al. 2021). The immune system 
of young ruminant livestock animals is considered weaker 
compared to adults, consequently making them more suscep-
tible to infectious agents (Gunathilaka et al. 2018; Ngongolo 
et al. 2019). On the contrary, lower prevalence of infection 
was recorded in the age range of < 1 year than in older age 
groups, although differences in Blastocystis infection across 
age groups were of statistical significance in sheep only 
(p = 0.040). Findings from previous studies also revealed a 
lower infection rate in younger animals (Fayer et al. 2012; 
Tan et al. 2013; Zhu et al. 2017; Lee et al. 2018; Maloney 
et al. 2019a). The reason for this observation may be that the 
risk of exposure to contamination is reduced in young ani-
mals due to the special system of care they receive (Maloney 
et al. 2019a). Significant difference in prevalence of Blasto-
cystis infection was observed between the two farming sys-
tems employed in the livestock farms. Infection was found 
significantly higher in cattle reared in the semi-intensive 
husbandry system than in the intensive system (p = 0.019). 
This is expected considering the semi-intensive husbandry 
system exposes animals to risk of gastrointestinal infections 
by exposure to contaminated food and water. The presence 
of Blastocystis cysts has been detected in various water 
sources (Eroglu and Koltas 2010; Lee et al. 2012; Karaman 
et al. 2017; Koloren et al. 2018) and vegetables (Soares and 
Cantos 2006; Al-Megrin 2010) suggesting that these are 
sources of infection to humans and animals. Results obtained 
also revealed that female livestock animals, animals reared 
under semi-intensive livestock management system, and 
animals reared within the Northeast Penang Island district 
were more at risk of Blastocystis sp. infection in Penang. 
Female livestock animals have been reported to be signifi-
cantly associated with increased odds of gastrointestinal 
parasite infection among small ruminants, since stress of 
pregnancy and lactation are capable of altering the immu-
nity of female animals and predisposing them to infectious 
diseases (Paul et al. 2020). About 85% of farms involved in 
this study from Northeast Penang Island district employed 
the semi-intensive farm management system, while other 
districts of Penang had less than 50% of farms practicing the 
semi-intensive farm management system; hence, the likely 
reason for the Northeast Penang Island district being more 
at risk of Blastocystis sp. infection in Penang.
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Unfortunately, 48 out of 87 positive isolates examined 
using in vitro cultivation were not corresponded to any Blas-
tocystis subtype. Perhaps the amounts of DNA extracted 
were inadequate in these samples, causing the yield of PCR 
amplicon to be insufficient to obtain good quality sequences 
and seen as faint bands on the agarose gel.

Out of at least 28 genetic lineages of Blastocystis sp. that 
have been acknowledged, seven were identified in the live-
stock animals examined, namely Blastocystis sp. ST4, ST5, 
ST10, ST13, ST14, ST15, and ST25. The observation of 
ST5 and ST14 in cattle is similar to findings of Kamaruddin 
et al. (2020) from Pahang, Malaysia; Maloney et al. (2019a) 
from the USA; Masuda et al. (2018) from Japan; Zhu et al. 
(2017) from China; and Badparva et al. (2015) from Iran. 
Blastocystis sp. ST25 was also identified in cattle from Pen-
ang; this subtype was previously isolated from cattle and 
sheep in Belgium and the United States of America (USA) 
(Maloney et  al. 2019a; b). Although Blastocystis ST10 
was not identified in cattle in this study, ST10 and ST14 
are considered to be the most widespread subtypes in cattle 
generally (Hublin et al. 2020; Shams et al. 2021). Neverthe-
less, studies on Blastocystis in small ruminant animals are 
limited. Blastocystis ST1, ST3-ST7, ST10, ST12, and ST14 
have been described in goats, while ST1, ST3, ST5, ST10, 
ST14, and ST15 have been reported in sheep from different 
parts of the world (Hublin et al. 2020; Chang et al. 2021). 
The isolation of ST4 from sheep and ST13 from goats has 
not been previously reported in the literature, to the best 
of our knowledge. Rodents are perceived to be the original 
hosts to ST4, a subtype also commonly observed in humans 
(Stensvold et al. 2012), however, this subtype has equally 
been detected in artiodactyls such as cattle (Zhu et al. 2017; 
Maloney et al. 2019a; b; Kamaruddin et al. 2020), goats 
(Lee et al. 2012; Song et al. 2017), and buffalo (Lee et al. 
2012), and in rabbits, pigs, cats, dogs, and non-human pri-
mates (NHPs) (Hublin et al. 2020). And previous descrip-
tions of ST13 have been in quokkas from Australia (Parkar 
et al. 2010), birds from Iran (Asghari et al. 2019), NHP from 
China and Bangladesh (Zhao et al. 2017; Li et al. 2019), 
reindeers from China (Wang et al. 2018a), and flying squir-
rels from China (Xiao et al. 2019). Thus, the observation of 
ST4 in sheep and ST13 in goats in this study provides an 
update to the host range of Blastocystis sp. ST4 and ST13.

Just as enzootic subtypes (ST10, ST14, ST25) adapted 
to ruminant livestock animals were detected in the present 
study, potentially zoonotic subtypes (ST4, ST5) were equally 
identified. Blastocystis sp. ST4 and ST5 have been observed 
in humans from around the world (Deng et al. 2021; Popruk 
et al. 2021), and from different parts of Malaysia (Nithy-
amathi et al. 2016; Nemati et al. 2021). The observation of 
potentially zoonotic Blastocystis sp. subtypes (ST4, ST5) 
suggests that livestock animals are possible sources of 
human infection. Interestingly, ST10 and ST14 were recently 

observed in children in Senegal (Khaled et al. 2020) and a 
Syrian population in Lebanon (Khaled et al. 2021), thus add-
ing to the list of subtypes potentially transmissible between 
humans and animals. Khaled et al. (2021) suggest that the 
transmission of ST10 may be through the consumption of 
water contaminated by ST10 parasite cysts, noting that ST10 
had been isolated from river water samples in Malaysia by 
Noradilah et al. (2016).

Analysis of subtype alleles revealed intra-subtype 
variations within Blastocystis ST5 identified in ruminant 
livestock animals. Blastocystis ST5 allele 115 identified 
in goats was also reported in sheep from China (Li et al. 
2018) and farm pigs from Italy (Gabrielli et al. 2021). 
Allele 16 was the mostly identified allele of Blastocystis 
ST5, and it was found in each ruminant animal group in 
this study. This allele has hardly ever been reported in 
literature. However, when Blastocystis sp. homologous 
sequences (accession numbers MG831436, MF541116, 
AB070999, MK801414, etc.) resulting from NCBI BLAST 
calls of sequences obtained were subjected to the pubmlst.
org/Blastocystis/sequence query, they were found to 
belong to allele 16. These were sequences of Blastocystis 
sp. isolates from cattle, goats, and most commonly, pigs 
from different regions of the world including Malaysia. It 
could, thus, be implied that intra-subtype variation of the 
barcode region of Blastocystis sp. is under-reported.

The phylogenetic trees inferred by the NJ and ML 
methods showed clustering and branching orders identi-
cal to those described previously (Maloney and Santin 
2021; Song et al. 2021; Liu et al. 2022). The phyloge-
netic trees inferred by the NJ and ML methods supported 
the assignment of isolates to Blastocystis sp. ST4, ST5, 
ST10, ST13, ST14, ST15, and ST25. The close sequence 
similarity between ST14 and ST25 (Maloney and Santin 
2021) was observed by phylogenetic analyses in this study. 
Blastocystis sp. STs 5, 13, 14, and 25 have been mostly 
isolated from the artiodactyls and other hoofed animals; 
these subtypes also share common ancestry on the phylo-
genetic tree. This observation could suggest some form of 
association between the phylogeny of these Blastocystis 
subtypes and their preferred host.

In conclusion, Blastocystis infection has been revealed 
as moderate and widespread in cattle, goats, and sheep in 
Penang, Malaysia. Gender, husbandry management system, 
and district were identified as potential predictors of Blasto-
cystis infection in the ruminant livestock animals; and for the 
first time, Blastocystis ST4 and ST13 were reported in sheep 
and goats respectively. Furthermore, the isolation of Blas-
tocystis ST4 and ST5 which have been commonly observed 
in humans, and ST10 which has been sporadically observed 
in humans, suggests the likely role of ruminant livestock 
animals in transmission of Blastocystis to humans. There-
fore, adequate hygiene practices on animal farms such as the 
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use of appropriate personal protective covering by animal 
handlers and proper disposal of wastes are recommended 
as prevention and control measures against the spread of 
Blastocystis to humans and within animals. Future studies 
designed to involve animals and their in-contact humans will 
aid in revealing the transmission dynamics of Blastocystis.
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