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ABSTRACT

Blastocystis sp. is an eukaryotic protozoan with 17 distinctive subtypes discovered in
animals and humans worldwide. Cattle is one of important source of animal protein,
which shown an increasing demand for its produce due to increased in growth of
population especially in developing countries. However, the production is likely to be
affected by infection and disease management of this animal. Currently, the zoonotic
pathogen of Blastocystis sp. from cattle was identified with multiple concurrent
infections with rates of infection as high as 80%. Unlike human, animal particularly
cattle infected with Blastocystis sp. are commonly healthy carriers and serve as a main
reservoir in transmitting the infection to human. Though, Blastocystis exhibited protease
activity that suggest its pathogenicity, but its effect on host remain unclear. Thus, this
study was aimed to determine occurrence of Blastocystis sp. isolated from cattle and
subtypes variation in the protease activity for better understanding of the host-parasite
relationships and effect of location and farm management on Blastocystis infection. A
total of 120 faecal samples of cattle were collected from three farms in Pahang,
Malaysia for in-vitro cultivation and microscopy identification. The gender and age of
the cattle as well as management system of the farms were also noted during the
sampling. Later, DNA extracted from the faecal were subjected to genotyping analysis
before protease activity of three selected subtypes were determined using azocasein
assay of colorimetric quantification method. The study found 30 out of 120 (25%) cattle
infected with Blastocystis sp. with vacuolar as the dominant form observed during
cultivation. While gender has no association with the occurrence of Blastocystis sp. and
cattle of age below 3 months as well as Muazam Shah farm with integrated system were
significantly (p<0.05) associated with the infection. Molecular genotyping revealed that
Blastocystis ST10 (21.3%) occurred predominantly in the cattle with ST1 (2.5%), ST3
(7.5%), ST4 (2.5%), STS (8.8%) and ST14 (1.3%). Phylogenetic analysis found that
these subtypes were closely related and had shared common ancestors with high
homologous sequences of genetic relation. ST3, ST5 and ST10 exhibited inter-and
intra-subtype quantitative protease activity variation, which mainly expressed cysteine
protease and partially serine protease, aspartic protease and metallo-protease in the
respective subtypes. In conclusion, moderate rates of Blastocystis sp. infection with six
different subtypes were identified in the cattle. The farm management systems, cleaning
and sanitation as well as segregation condition influence the distribution of Blastocystis
sp. infection which significantly associated with age and condition of the farms. While,
protease activity were commonly been reported in ST3, ST4 and ST7, this study has
discovered in the ST3, STS5 and ST10 of Blastocystis. The variant observed in the
protease activity indicate that isolates of different subtypes may exhibit different
pathogenic condition upon exhibition of diseases, yet suggests for more studies needed
in the future. Nevertheless, this study presented updates on the occurrence of
Blastocystis sp. in cattle from Pahang, Malaysia. This information is important in
understanding host-parasite relationship associated with gastrointestinal diseases and
identification of possible virulence factor in the future.
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CHAPTER ONE

INTRODUCTION

1.1 BACKGROUND

The protozoan parasitic infections are major public health concerns worldwide,
especially in Jow income countries such as Africa and Brazil (Hotez et al., 2009).
Neglected infections by parasites causes substantial illness for more than one billion
people globally. In fact, almost 200 million people in ASEAN countries live in
extreme poverty and are exposed to parasitic infection such as leishmaniasis,
giardiasis, cryptosporidiosis, toxoplasmosis, malaria or blastocystosis (Hotez et al.,
2015). These parasites have gained its attention by impairing human health as well as
causing disruptive impact on productivity and stability of the economy (Hotez and
Alibek, 2011).

Blastocystis sp. 1s an enteric protozoan which colonises in humans and animals.
It exhibits a genetic diversity, but with low specificity. This parasite has infected more
than 1 billion people worldwide (Scanlan and Stensvold., 2013), which infects mainly
high risk population including immigrant (Piubelli et al., 2019), immunocompromised
individuals such as cancer patients (Mohamed et al., 2017), patient with human
immunodeficiency virus (HIV)/Acquired immunodeficiency syndrome (AIDS)
(Piranshahi et al., 2017) and children (Rebolla et al., 2016). The infection may cause
nonspecific gastrointestinal symptom (Ramirez et al., 2017) and chronic iritable
bowel syndrome (IBS) (Ragavan et al., 2015b). Though numerous studies have been

carried out in human, many studies has reported of its occurrence of in a wide range of



animals including non-human primates, mammals, amphibians, avian, insects and
reptiles (Cian et al., 2017). Nonetheless, several studies in livestock animals revealed
high incidence of infection. For example, 100% of rate of infection in chickens
(Tanizaki et al., 2005), 95.0% in pigs (Abe et al., 2002) and 80% in cattle (Ramirez et
al., 2014) and 58.0% in goats (Song et al., 2017b).

Today, livestock production is one of the fastest growing sector in developing
countries. The agricultural ouput has contributed 40% of global value and supported
the livelihoods and food security for almost 1.3 billion of people (FAO, 2014-2017). It
was estimated that the demand would doubled over the next 20 years, driven by
urbanization and population growth. This potentially lead to more infected animals,
which became a major threat to global animal health and welfare (Tomley and Shirley,
2009). Some parasitic infection like Trypanosoma, Theileria, Babesia, and Anaplasma
impacted livestock by affecting their health, growth and development (Maharana et al.,
2016). Meanwhile, Blastocystis sp. infection that occurred persistently in carrier
animals are vulnerable when being transmitted to human (Lee et al., 2018). Hence,
surveillance system are required to control and eliminate the distribution of the
Blastocystis sp. in the early stage.

Potential risks of zoonotic transmission possibly lead to the occupational
diseases in agricultural industry. In Malaysia, agriculture sector contributed RM96
billion of the economic activity, which the livestock industry has contributed 11.4% in
the year of 2017 (Department of Statistics Malaysia, 2018). Cattle is an important
source of animal protein and consumed by more than 60% of the population (Ariff ct
al., 2015). In 2017, total population cattle has risen from 737,827 in 2016 to 744,174
in 2017 (Department of Statistics Malaysia, 2018) and these figures is expected to rise

over the coming year (Abdulla et al., 2016; Lokman, 2018). Hence, the increase in the



cattle population may serve as potential reservoirs of parasitic diseases towards high
risk industry workers such as farmers, veterinarians and slaughterhouse workers due to
their close contact with the infected animals.

Proteases are known to play important roles in parasites’ biology and host-
pathogen interactions. Recently, there has been an increased interest in the proteases of
Blastocystis sp., which proven to have important roles in host cell invasion, catabolism
of host proteins, differentiation, cyto-adherence as well as evasion of host immune
responses (Cifre et al., 208). Proteases from Blastocystis hominis B and WR1 involved
in the degradation of immunoglobulin A (Ig A) giving rise to its ability to colonise in
the intestine through immunological response alteration as well as induction of barrier
dysfunction (Puthia et al., 2008ab; Mirza and Tan 2009). Though, the roles of these
enzymes as virulence factor remain debatable, a study conducted on Blastocystis
subtype 7 (ST7) revealed reliable information on predicted secretory proteins that
contain putative activities that may induce host physiology including proteases,
particularly cysteine protease (Denoeud et al., 2011) Wawrzyniak et al. (2012)
indicated that this enzyme mighi have cytopathic effects, which disturbed the gut
function and lead to intestinal disorders in infected human. For Blastocystis, studics
have revealed inter-and intra-subtypes variation in protease activity between different
isolates of ST4 and ST7, which may results in different cytopathic effects (Mirza and
Tan, 2009). Clearly, it was important to determine proteases activity in different
genotype of Blastocystis sp. and investigate the association with its pathogenicity.
Therefore, our study would determine the occurrence and subtype distribution of
Blastocystis in cattle from Pahang before inter- and intra-subtypes variation in

proteases activity were evaluated.



1.2 PROBLEM STATEMENT

Blastocystis sp. has been studied since 1911, yet it still remain as a controversial
protozoan especially in its pathogenicity as well as many other biological aspects of
this protozoan still remain unexplored. Therefore, additional data on the morphology
characteristic, reproductive and mode of transmission are valuable in understanding
the biological complex of its pathogenic potential. According to the Centre for Disease
Control and Prevention (CDC, 2016), Blastocystis sp. is a common parasite organism
which inhabits the intestine and has been discovered globally. However, limited data
was available on Blastocystis infection in cattle from Malaysia. Indeed, there were two
studies of Blastocystis in cattle in Malaysia (Lim et al., 200; Hemalatha et al., 2014).
Current situation, the cattle production has risen to meet the increasing demand of its
products, which has lead us to investigate the distribution of Blastocystis sp. in the
cattle (Department of Statistics Malaysia, 2018). Since, cattle may serve as potential
reservoir as well as healthy carrier of Blastocystis sp., the rapid growth in the local
cattle production may affect health and quality of the animal product as well as
increased risk of infection toward human, who work closely with the animal.

Furthermore, the relationship between the occurrence of Blastocystis sp. in
cattle and potential risk factor such as gender, age groups and types of farm
management practices have not been thoroughly reviewed because most of the studies
were mainly focused on the occurrence and/or selected risk factor. Given the lack of
published data on farm managements and potential risk factor of the Blastocystis sp. in
the cattle, the present study was undertaken to elucidate more satisfactory data.

In addition, molecular characterisation of Blastocystis sp. has never reported

from cattle in Malaysia, which eight subtypes from cleven studics of worldwide



distribution have been reported (Zhu et al., 2017; Wang et al., 2018b; Lee et al., 2018;
Udonsum et al., 2018). These studies suggested possibility of STS, ST10 and ST14
that usually be found in mammals including cattle as zoonotic genotypes (Zhu et al.,
2017; Cian et al., 2017). In addition, ST1 and ST3 were also suggested by Yoshikawa
et al. (2004a) and Ramirez et al. (2014) due to mutual infection in human and the
cattle. Though mixed subtypes in animals was uncommonly occur, the transmission
might happen in domestic animals and farm personnel due to contaminated water and
food. Therefore, the present study was the first to perform identification of genotypic
subtype of Blastocystis sp. in large samples of cattle aimed at extracting more valuable
information regarding distribution and possible source of transmission from three
farms in Pahang, Malaysia.

Proteases are enzymes that break peptide bond in proteins and play vital role in
the pathogenesis of protozoan parasites especially malaria, trypanosomiasis, and
leishmaniasis (McKerrow et al., 2006), amebiasis (Serrano-Luna et al., 2013),
toxoplasmosis and cryptosporidiosis (Siqueira-Neto et al., 2018). It has been suggested
that by studying proteases activity among subtypes of Blastocystis may unraveled the
understanding on the capability of this enzyme in causing diseases. Previously,
protease activity was reported only in Blustocystis ST3, ST4 and ST7 while nonc on
the other subtypes. A study conducted on the most predominant ST3 of human
isolates showed higher protease activity in symptomatic than asymptomatic isolates
(Abdel-Hameed and Hassanin, 2011). Additionally, Blastocystis ST4 isolated from
rodents secreted mostly aspartic protease (Puthia et al., 2008a). However, study of
protease activity in Blastocystis sp. was limited and has never been reported in
Malaysia. Blastocystis sp. has indicated different level of quantitative inter- and intra-

subtypes in protease activity (Mirza and Tan., 2009). Interestingly, it also exhibited



variation peak of protease activity within isolates of the same subtypes. Rajamanikam
and Govind, (2013) observed that higher percentage of amoeboid forms in culture
elevated the protease activity than culture that mainly consist of vacuolar and granular
forms. So, by studying the variation of protease activity that could influence the
subtype capability and cell size distribution would contribute towards understanding

the host-parasite relationship as well as the pathogenicity of Blastocystis sp..

1.3 RESEARCH OBJECTIVE

The aims of this study was to characterise and subtype distribution of Blastocystis sp.
in cattle regarding its association with potential risk factor and protease activity. The
specific objectives were:

i To determine Blastocystis sp. occurrence based on location and cattle farm
management practices and its cells biological characteristics using
cultivation of faecal sample cattle and microscopic evaluation.

ii  To investigate the relationship between potential risk factors such as
gender, age groups and farm type as well as Blastocystis sp. distribution in
the cattle.

iii  To identify the genotypic subtypes of Blastocystis sp. and its phylogenetic
relationship using deoxyribonucleic acid (DNA) sequencing analysis.

iv. To evaluate the quantitative variation of inter and intra- subtype in
protease activity of selected subtypes of Blastocystis sp. isolates using

azocasein assay.





