CHAPTER 2

¥
LITERATURE REVIEW A
N3

2.1 Introduction

This chapter presents a comprehensive review Qing% relevant
to our study. As a start, a thorough review of Blastogystis has beén disgus ecff@ﬁng

Blastocystis has arisens@s

status for being %c o@nsal Q@ decades. There has been an intensive
N

review that re(ui\hﬁ tharough t‘g’ic cription to appreciate events leading to its

reclassifii&md consideration as

compl iteisap orérrna{gaarly advance followed by decades of retreat into

2.2 Blastocystis Y_ Lj , §

&

espected human pathogen. The history of this

K’

g

0 ity and then reintroduction into the modern era. Various observations and

h have been made over the years to generate the present taxonomical status of
Oastocystis. Initially, the unique mimicry of form B. hominis led to a state of confusion

as the predominant hollow spherical form was and still is confused with unrelated cell
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from many animals. It had falsely been reported as occurring Blastocystis in almost

every insect, reptile, bird, fish and mammal examined (Zierdt and Charles, 199’?'

Q

However, the first observations of the organism were made indﬁen tly by
Brittan and Swayne while studying the infamous cholera epidemic i on in 1849.
They had discovered unknown parasitic ova and cysts collectively,and,marked them as

cholera bodies. They wrongly identified their observation to b

is ad@iecifically

observed by Alexeief and Emile Brumpt in the early £900s, who propo d'the& Qias to
(,)

be a harmless saprophytic yeast in the intestinal . Then, ‘t.he enus of %T%&tocystis

itself as a distinct organism was proposed by Al¥ieff

causative agent of

cholera. It was the moment of research about Bl

}t}egi edsg ific name B.

elo nd a life cycle

The taxonomy ysti r ai[ns*bﬂentious, and the history of the
’ 4 F &
organism reflects K&i{ficulty'
fir

dB

several groups f{ : i ;
¢

structures a een @assign tH'e @ism to different yeast genera, for example,

NN
Schizos% omyge facchui?myces (Mehlhorn, 1988). The organism had a
X

yea%gllstening appearan@fresh wet faecal mounts, no pseudopia in the usual

ing it nomy position. In the early 1920s,

had@ﬁ classified as a yeast due to the several

u \&j wet preparations, and no evidence of locomotion. Plus, the size range was
G extreme than protozoan as was the diversity of forms seen in a single specimen.
he division by binary fission was easily mis-constructed as budding. Apart from an
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occasional case report, the classification of B. hominis and its role as a harmless yeast
was not questioned for another 50 years (M. Johnson et al., 1989). Then, Zier !
1991 first described the protozoan characteristic of this intestinal yeast (f%\rther
observation which is the character of B. hominis is more similar to th oa while
there is no single strongly allied with the yeast. Table 2.1 indicates the characteristics

that have been used to reclassify B. hominis from fungi to p;etoz orphologically

and physically.

S

Table 2.1: Characteristics to reclassify Blastogystis hominis fr urfb{?‘
protozoa J _{-)
Characteristics Fungi B..hominis

Strict anaerobe

0 \Q&
Growth on fungal or bacteriological media 0 é@s
Growth on media developed for intestinal protozoa Q\ Yes
No growth on surface solid media
Requires presence of bacteria for growth;

achieved slowly under carefully controlled,conditions. _\\
Capable of ingesting bacteria and other partieulate matter /KQ Yes

Cultures die in 2-3 days at 22°C or overhight at4°C “No Yes
No growth below 33°C, but cell dea @ d 4:;3&10 Yes
Optimal growth at 37°C (,Q No Yes

Resistant to 400 ug of amphotericin
Sensitive to drugs effective againstsi inal ’

No growth at 37°C

No cell wall

Reproduction by endodyogony, sehizogony; bi igSi nd No Yes

plasmotomy (cutting o@i alB ini e&ba

form

No budding & \|’> <Q% No Yes

Supports stable baeterial endosymbi oblig@utualism) No Yes

Slow-feeding &s P ! (,) No Yes

Rapid Iocomotp%.ldopo S ’ 4 No Yes
a inoc

Limiting ne'with microp ocic vesicles No Yes
Membrane-b B, a_reprodugtive’orgal (vacuole) No Yes
Mitoch% Il cell N No Yes
e ¢
S
N

nce B.hominis is difficult to classify due to the unique diversity of its shape,
Q , physiology and reproductive modes, continued research has been conducted to
trengthen the need for this change in classification (Zierdt, 1967). Therefore,
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reclassification of Blastocystis as a protozoan in the subphylum Sporozoa was
suggested and it should be considered as a potential pathogen (Zierdt and Tanwm
A new class Blastocystea, and a new order, Blastocystida were proposed ( e\978)
However, the findings of motility by pseudopodia as well as feedn‘@%dopodla
extracellular location in the host, lack of an apical complex ¥~other minor
characteristics indicate a better assignment is to Sarcodina, order Amoeiba, in a separate
suborder, blastocystina (Zierdt, 1991). Nonetheless, there i &;rtrd data has been

provided for this reclassification. According the classification sc nwvine et al,

@

Yv
ipis based as IoWs_;\R-i}gdom
igop orf yIur@Ercodina

mn oe orde@noeblda new
suborder Blastocystina, genus Blastoc@cles homini @ﬁrrently, the

1985, classified and recognized the description of B. h

Prostita, subkingdom Protozoa, phylum Sarc

superclass Rhizopoda, class Lobosea, subélass

molecular sequencing studies on a ceII axe I 'I%te were performed by
small-subunit rRNA sequencm%quesl}or f her re |f|cation which showed
that B. hominis is not mo |c \I € east; charomyces spp., the fungi

Neurospora spp., the % aegla:l Ac hhm@)a and Dictyostelium spp., or the

o
flagellates Trypa o%andm p. Tgydata conclude that B. hominis is not
closelyllnkedt %ung ; €s, 0

, {B%Jrozoans Small-subunit rRNA sequence

R
m'gtlcmjo phylogenetic affinities due to its ubiquitous,

comparison !E a fort dete
and seg ent it eyolye fiiffer$ rates. Some sections are conserved, unchanged

oveu;m ons of years of eval@ﬁ and the remainder shows wide variation amongst

e sely related organisms (Johnson et al., 1989).

0 Then, a new subphylum was subsequently proposed Blastocysta, which included

the class Blastocystea, the order Blastocystida, the family Blastocystidae, and the genus
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Blastocystis, with B. hominis as the type species (Jiang and He, 1993). Yet Blastocystis
does not fit well into existing protozoan classification as there is still a lack of ewﬂue
to construct a new classification for the organism (Boreham & Stenzel, 19@beke
et al, 1994). Recent debates on the systematic of protists have not ind&lhe genus
Blastocystis in any of the suggested classifications. Further mogphological and

molecular data are required for an explicit classification. \)

At the end of the 1900s, the extended phylog@dy alj classified the

organism among eukaryotic phylum, Heterkontophyta type 1s based t'e rﬁol\‘émlar
C;)

analysis of small subunit (SSU) rRNA (SSU-RN%eIO‘Qg ion actor€1‘EF-la)

(Silberman et al., 1996). Later study by Arisue q al, ( m e prege SUr-RNA
?; HEB87-1 straih is positioned

and HSP70c phylogenic demonstrate@o

within stramenophiles being comparable With tw i

3-

D

SS_U\QNA phylogeny by

Silberman et al., (1996). The two‘data Qs Ixi reached o &nclusion that the close
9 %

relationship of Blastocystis N menopites._i sup@ﬁd. Although the taxonomy

N
such as this was debate Whyeﬁted t} the ather @s demonstrating a similarity of
the's

Blastocystis spp. parasites with pr% uﬁzéjyent studies confirmed the assertion

presented above @T\U i!)le m ecula@uence data (Arisue et al., 2002). There
N
are over 10(@\% ers in ?8 m)gldm Heterokontophyta commonly called

heterokonQ&stram nophiles ¢ rising algae, diatoms, slime moulds and
’

oomyeceteS;wwhile Blas cysﬁ's f&}?ﬁw‘s the newer member of this complex group of
-,

‘bwa Protists” (Tan, %8; Riisberg et al.,2009). The studies show all

nophiles possess mitochondria with tubular cristae and, unlike all other

Qaryotes have tripartite tubular hairs either on their cell surface or more commonly

on their long anterior flagellum. However, Blastocystis lacks flagella and flagella hairs
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despite its clear phylogenic placement within the stramenophiles (Zierdt, 1991). This
probably results from a secondary loss of these features on the line as its closest r
Proteromonadidae and Bicosoecida have flagella and tubular hairs (Silb%\t al.,

1996; Simpson et al., 2002; Hoevers et al., 2005). Therefore, Blastocy acedina

newly created class as below in Table 2.2 (Cavelier-Smith, 1998): ?
Table 2.2: Classification of Blasto st&'
|

Class st yst@'
Subphylum a|il"ata\d, e
Infrakingdom Heterolana? A
Subkingdom hromr!@“l IR\
Kingdom Chromist v adl
NN
The more recent classification j t%es i equiéggnt to the earlier

species classification. According tgsrecent studi€s; Tal }‘.KAqubtypes have been
reported vary from different hosts; ansmﬁf v%@s orders and sources of
water based on genetic diversit M rib@*ﬁal RNA (SSU-rDNA) gene
(Darwish et al., 2023, %R.a al., [021 ms@sten Rune Stensvold & Clark,
2020; Santin et al., 2{4) | \" ’é}’
NN
N
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2.2.1 Biology

Blastocystis is a strict anaerobe which is lives in oxygen-poor environﬂznd

is characterized by the presence of some double membrane surroun smanelles
showing elongate, branched and hooked cristae called mitochondkiazlike organelles

(MLOs) (Zierdt, 1991; Nasirudeen et al.,2004). Although “aumerous organelles

idWse organelles have
ge%Recently,
ludi

Blastocystis MLOs were reported to contain a cikcular genome, | ' T]g\?ehes
(,)
encoding 10 of 20 complex subunits, but they | I gene‘s. ;ﬂcy@fﬁromes,

resembling mitochondria are seen, they are completely de

the property of both the mitochondria of aerobes an

%’ebQ drial @from other

0 responsible in various

cytochrome oxidases and ATP synthase subunits, Wnlike

sequenced stramenopiles such as Phytoph@ T

metabolic pathways including tricarboxylictacid cycle,

sulphur cluster biogenesis (Wawr iaDet ﬂ%ﬁ)
“ &
xﬂ &
Furthermore, the organi si/r SIZ€ ertaig%ential cellular phospholipids
5With t

and accumulate them C%r ‘I‘ he }a‘ge&uoles (Jeremiah & Parija, 2013).
&

The average time '@raﬂ(@n 17-2%§.Jaut also different among Blastocystis
subtypes reliantsn t edi 'for c@ation (Zierdt and Swan, 1981; Natasa et

¢
al, 2017). s&@the

€Xposeasto rse

a'&cG?etabolism and iron
no@?et al., 2011).

i :ﬂ'so@ been observed to undergo apoptosis when
NN
i '5 likesexposure to ambient air and an antiparasitic agent

s

suc?&tronidazole. This p|’)\ enon serves as a mechanism to increase the number

of*wiable cells during adverse conditions. There are four known modes of division
ropo

sed which are binary fission, plastomotomy, schizogony and dodyogony. Usually,

inary fission is a wide mode that is used in the host for reproduction (Zierdt, 1991).
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2.2.2 Morphology

Blastocystis is a polymorphic protozoan with various morpholoiﬂzms

including vacuolar, granular, amoeboid, cyst, multi vacuolar and avauol forms.

Among these forms, the vacuolar form is the most commonly identi tool and in
vitro culture while the cysts are recognized as the only transw form and the

transmission of Blastocystis by consumption of food and ateW'{aminated with the

cyst form through the faecal oral route. Recently, al c b@?n a stool
co

sample by various microscopic techniques such as phase contrast mi ' 5y\ et
mounts, bright field microscopy of wet mount tained f‘m rs and alig_\lectron

NV,

microscopy (Zierdt, 1991). However, only an eRtron }osg eis usqd to identify
particular forms like avacuolar and multi@( Q\ & E

o

2.2.3 Life cycle and transmission Cf) \Y ,<\
N,
6 e,
9 Q
In the early 1900s, a IiN for B tis v@@irst proposed by Alexeieff
who identified a co Iem involvin l|n ssion of a binucleate stage
(plastomotomic division) ;a autoger séxual process that forms primary cysts.
These cysts Were&\eﬁoy @ budding spores. The spores or secondary cysts
N

were thought ekhf;ist t form a‘g& maller than the primary cysts, uninucleate
and surro@y a thick membra LK/Ierogony (schizogony), an asexual mode of
B el

reproduct nd sporogony, a s%‘ﬁél phenomenon also were described (Boreham &
<

Stﬁgl, 93). However, mokrecent reports have indicated that binary fission and

‘Qtomy were two distinct modes of reproduction (Zierdt, 1988). As proposed by
Ordt (1973), based on his light microscopical observations, this life cycle expected the

vacuole form to differentiate into either the granular form from the central body or the
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amoeboid form which produced prospective vacuole daughter cells by budding. He

suggested that there were four modes of division asexually; binary fission, plasmw

endodyogeny and schizogony (merogony) but these were not illustrated in @osed

life cycle and little evidence was presented for their existence. A

Later on, further analysis by extensive electron microscopigal studies was made

to reveal the division modes specifically. Nevertheless, the tudWe failed to expose

o

sporogony, endodyogeny or merogony (Boreham &

3@? proposed

modes are not likely due to the pleomorphic nature ofithe organism an ' tlﬁe\lﬁcdes
(,)

of reproduction (Tan, 2008). Membrane-bound ections ‘gn cytoplas Tc\bridges

which appear to divide the central vacuole may¢have

supposed means of division when exami@ght

is the only proven method of reproduction®for B\@'

dividing by binary fission are see cmon}}/%
o

by electron microscopy (Sienz&& ., 1991; | & %am, 1996; Y Matsumoto,
N

AW

Yet the life Q%and ion %(t.be parasite are still under intensive
investigation (L@ al., 'Iife t&%’é comprising thick and thin-walled cysts
has been @ized on‘ it flﬁct'ej‘r.;?the thick one is important for external
transmi% ile the thi IIedx‘ﬁs were auto-infectious. There are two types of
proc@ have been descril@ii;xual reproduction by binary fission and sexual

‘%ﬁon by autogamy to form a primary cyst (Basak et al., 2014; Stenzel &
h

am, 1996) which is the only transmissible form of Blastocystis. After getting into

'\enxt.n appjsa e of these
i y. Thus; binary fission
tpiis t. B. hominis cells

icr, %py and less frequently

1987).

e intestinal lumen, the cysts first developed into vacuolar form. In humans, vacuolar
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form divide by binary fission and may be developed into amoeibod, multivacuolar, or
granular forms before they become pre-cyst (Jeremiah & Parija, 2013). The w
route of transmission is faecal oral with an indefinite incubation period @ctlon

duration but the cyst is postulated to be its infective stage. A
2.2.4 Blastocystis is one of the Intestinal parasite infections (KRLS) z

Intestinal parasitic infections (IPIs) are among the blicjhealth issues of

high morbidity and mortality worldwide which vary int stWozoa and

HO)jit h e}n‘@ ified
w i ectm\ygthanBS

aa\d symptom 450 million

approximately with high prevalence mwamg count )—@5015) It has since

been extensively spread throughoutﬁﬂorld an % p yefeﬁ'lt in tropical and sub-

tropical regions. Several mtest%sites re kaewn to@ se morbidity in humans,

helminths. According to the World Health Organizat

o

as a Neglected Tropical Disease (NTDs) where

billion persons and cause apparent clini

w

including several protoz S h[ n oe stolytlca, Giardia lambia,
Blastocystis hominis, %5 il-transmitte él S (STHs) such as hookworm,
Trichuris trichiura arls Iun|b S and gyI0|des stercoralis (Bahrami et al.,

2018; Htun et a&logb)

Par 1nﬂ yh b metabohsm nutrition absorption and gut
ecosy mugad ta , Z,Q/RP Htun et al., 2018). Besides, individuals infected
b wo enalis, Cryptospod\c'njspp Blastocystis, and E. bieneusi can also develop a

ange of symptoms ranging from asymptomatic to acute or chronic diarrheal

ease including clinical signs of diarrhoea, nausea, weight loss, blood in the stool and

fever are less in common (Certad et al., 2017; Darlan et al., 2020; W. Li et al., 2019).
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While occasionally life-threatening, approximately 200 million people in low and

middle countries have symptomatic giardiasis particularly in infants, young c

and young adults being the groups most at risk of infection (Torgerson et @h). I

also has been proven that infectious agents like parasites can alter cert ymes and

—

metabolic factors in the infected host (Zibaei et al., 2023). For\€xample, acute

Cryptosporidium infections are estimated to cause 48,000 annual s worldwide in
children under five years of age (Khalil et al., 2018). z '

Regarding Blastocystis, more than 1 billion le carry the p s'te§ %‘o’pally
(.;)
and are linked with intestinal (irritable bowel syn&nd f.xt -in stina@rticaria)

disorders. Additionally, E. bieneusi, Giardia Lamr }@po\

spp. are regarded as an emerging public he onc

ium lastocystis
immuriocompromised

patients (HIV-infected patients, cancmnts, rgal spmg?ecipients) patients

and immunocompetent individual stahama!}alyz 19'dvghadica etal., 2020). The
]
Eo

pathogenicity of several inte% tozoa™ | established and their presence is

usually associated with ar@nd otherin sllngﬁmfestatlons (Stark etal., 2010).
esis

However, the pathogen Blas%' i

organism also be )@ﬁ g tlointe inal s@oms (T. Roberts et al., 2014).
N
\ o ! (J

InM a, previaus epi n{ol@ howed that Blastocystis infection was more

NN
prevalem rural’( /3) than<%e urban population (3.4%) (Nithyamathi et al.,
X

201Qmmonly, BlastocytK(s\JYnfection has been reported in numerous studies

i%whg aborigines and school children in Malaysia with more asymptomatic
t

oms. This suggests that Blastocystis could thrive as a harmless commensal

conttoversial but the colonisation with this

o

rganism in the gut of individuals, without causing overt disease in certain populations.
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However, there were some studies on patients with comorbidities like dengue patients,
cancer patients and patients with diarrhoea who had been reported with gastroin I
symptoms (Kumarasamy et al., 2023). The distribution of Blastocystis an@ngue

patients was 23.6% with a high fever rate when compared to non-Blast infection
patients (Thergarajan et al., 2019). The host’s immune status appears t@'be a risk factor
for symptomatic Blastocystis infection. Moreover, migrant labourersy’animal handlers
and inmates living close by were also exposed to Blastocystisi tior', which leads to

increased symptomatic infections in this population. Ov the Bla s infection

X
pattern in Malaysia has been reported in vario@ﬂes with a hi hlp@ence,

especially in patients with comorbidities, Q@ W% ZSPQYBrevalent
T

(Kumarasamy et al., 2023). \/ u\

Concerning the Blastocystis infectiony there_are en&@ns of exposure to
A
of u

intestinal parasitic infections inc c’@on&m‘%
rption

r@)&rcooked meat, drinking
9 %
an rabtion with livestock (Mudassar et al.,

contaminated water and skin

: N -
2018). Even in somegcountries where e cltlcg%cels and adequate sanitation
inal a

conditions, some intest rasites ay%@,significant role in causing diseases

in specific group@s ir@mpro d individuals, organ diseases such as

N
diabetes and aehwng enal fa pati with ambiguity mechanisms (Pefa et al.,
2020; Darl@, 20205 Li et aly, 2028)"As a consequence, ending epidemics of NTDs
S o

e transm sioﬁo@% and the mitigation of potential risk factors is one

by manag
. e . .
of%s inable developmenh‘;oals (SDG) of the United Nations (2030 Agenda; Goal

N

i

"%~

totaw & Shiferaw, 2020).
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Nonetheless, even though there is an immense mobilisation on health progress
following SDGs and substantial changes in the diagnosis of parasitic disea
subsequent therapies (Momcilovi¢ et al., 2019), no reduction has been see@ls in
low-income countries such as Ethiopia or rural areas especiall boriginal
communities where it has continued to be a major public health issu%ly affecting
school children and immunocompromised individuals (Noradilah etal., 2017; W. Li et
al., 2019; Al-Jawabreh et al., 2019; Sitotaw & Shiferaw, 20 ~kls.b en revealed that
any related factors to poverty, lack of awareness an avai abWsufﬁcient

ironmental dilio_&é-}‘z;the

stis@ e ma@?:oncerns

opley\ parti ularlyégc:hildren and
immunocompromised patients. \) é

\ AL
2.2.5 Genetic diversity and Blas c@paﬁﬂ%yj $
< <&

Molecular research re alecl erent subg%s of Blastocystis, based on

genetic heterogeneity II-subuét%dma@NA gene (SSU rRNA) sequences

healthcare as well as the prevailing bad climatic and

most aggravating risk factors of IPIs. Notably,

as it is part of intestinal parasitic that infect

2 s

. N &
which currently Ktypes ve be&.ﬂentlfled (ST1- ST38). All of these
n fo

din l1an a ian hosts while there is no nomenclature

subtypes have b
\ ’ (.,a
subtyping a amphibian 'néct@ reptilian hosts although several genetically
NN
distinct% stis lih ?ave b&l identified (Santin, 2024; Maloney et al., 2021,
Yv
ZOZcham et al., 2021; ney & Santin, 2021; Osorio-Pulgarin et al., 2021,

é\h Rune Stensvold & Clark, 2020; Yoshikawa et al., 2016).

0 Currently, 14 subtypes (STs) (ST1-ST9, ST10, ST12, ST14, ST16 and ST23)

have been isolated from human range with varying prevalence; about 90-95% of human
34



infections can be attributed to one of the ST1-ST4 with a predominance of ST3
(Guilavogui et al., 2022; Khaled et al., 2020, 2021; A. D. S. Zanetti et al. YO)
Meanwhile, all the subtypes found in humans, except for ST9 have also be@}lfled
in animals including non-human primates, mammals and birds (Vald'l;q al.,2019;
Zanetti et al., 2020). Nine subtypes (ST1-ST9 and ST12) have been pmlly zoonotic
where ST5 and ST6 are frequently harboured by hoofed anim sMrds respectively
(Forsell et al., 2017; Hublin et al., 2021). More recently, 1 qVallsubtypes (ST18
to ST32) were identified from birds, Bovidae and Ceruidae ( ingil., 2021;
Khaled et al., 2020; Maloney, Lombard, et al., 20 aloney et al, 10%@021).

de% id as they represent

potential chimaeras arising during PCR ten R@Egtensvold &

Clark, 2020). While, four novel subtyp@-ST%) haveeen %ted its validation

using future full-length reference se@&es (Ma Tal
n Q

Blastocystis has been th t of controversy f&ﬁaany years due to its role as

both a commensal and w 'atho#n bﬂ%prewous studies did not report

any conclusive evidence forthe p thégeni rof%{,Blastocystls as it did not cause any

clinical symptom spe |l1hea y|n uals (Chabé et al., 2017; Deng et al.,

However, ST18-ST20 and ST22 are not curren

2021; Kumarasam tal 2023 (iph dependlng on the study, the prevalence
of Blasto nfe oradlcally shown to be higher in either
immunAgc omlsed 0 mrﬁunoé’q‘hpetent in other cohort studies (Bar¢in Oztiirk et
al. % Saadah et al., 2022;\°garzhanov et al.,, 2021. A metagenomic survey by

i et al., (2017) highlighted that Blastocystis may be important for host health

Oause it was discovered to be more prevalent in healthy control individuals than in

patients with obesity, Crohn’s disease and colorectal cancer. Interestingly, Blastocystis
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colonisation has been proposed to have a beneficial role in the gut which is associated
with increased microbial diversity and richness indicating a commensal relatw
(Deng et al., 2021). A study conducted in Korea observed that Blastocys@%m

frequent in the non-diarrhoea group compared to diarrhoea patients w 3 was the
most common subtype detected (M. J. Kim et al., 2020). This prewong resulted

in the commensal of Blastocystis which could potentially be bg Mto gut health.

Moreover, most of the Blastocystosis clinical ¢ cs Q?bdominal

pain, diarrhoea, flatulence, constipation, anoxeria sea, vomiting

tiguey that
agé)kéha

dies@orted to

have a strong association with non-specific gast ntesti Ncm toms Iiiqe\s’diarrhoea,
abdominal pain and vomiting among Blas@ tse egally inirritable

bowel syndrome (IBS), cancer patlenmrtlc |a( ha Qal 2020; Kesuma

have been ascribed to Blastocystis are non-specifiC: owever;.so e

et al., 2019; Lepczynska et al., ) OOKI a atoc‘sus subtypes, it has been

proposed that different subty & inked tocys athogen|C|ty (Ajjampur &

Tan, 2016). Up till no aWatlortf p&h@’emcnty and subtypes (STs) of
t Ae

Blastocystis is still lack of informatioh en demonstrated in recent findings

that not aIIstralns |v su t;pesa path@c Table 2. shows the possible subtype

contrlbutlont | cys IS%%C{‘?
Ky U}
<
N

N
\C-j
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Table 2.3: Possible subtype contribution to Blastocystis pathogenicity

Subtype  Pathogenic Characteristics References ?
ST1 e  Associated with symptomatic infections; Diarrhoea, (Zhang ex
abdominal pain 2017; Kes
e Mostly seen in several diseases including patients with al., 20197E. M.
Irritable bowel disease (IBS), Cancer H\h&a o
o Pathologic outcomes in experimentally-infected rats 2023)
(Inflammation response) W
ST2 e Associated with symptomatic (diarrhoea and abdominal pain) (Bednarska et al.,
and asymptomatic infection 2048; Labania et
e Mostly seen in several diseases (IBS, colitis ulcerous, cagcer , 2023)
ST3 e Possibly variant: pathogenic and non-pathogeni str% “(Rojas-Velazquez
within the same subtype et al., 2022)
ST4 e  Associated with symptomatic infection Christen Rune
e Pathologic outcomes experimentally-infected ncrease nsy, et al,
anti-inflammatory response) mrw e%L,
e Expression of protease activity in experi Ily-infected 2021) N
rats C’)
ST6 e Expression of protease activity from sy matic h‘gmah arama&__
sample o 21), |
ST7 e Pathologic outcomes from hum sa and (M. im et al,
experimentally-infected rats (Inereased" oxidati ess, 2014;'Deng et al.,
inflammation response) c j )

Expression of protease activi
rats
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It had been reported that Blastocystis ST1 is the most prevalent where it was
associated with IBS-diarrhoea with a risk factor of 2.9 times, indicating thatYHs
likely to be correlated with the clinical presentation of diarrhoea and p@ IS a
pathogenic strain (Kesuma et al., 2019; Vargas-Sanchez et al., 1$*restmgly,
Vargas-Sanchez et al., (2015) suggested that the generation times of Blastocystis might
be susceptible to alterations in the intestinal environment caus . This could be

¥

attributed to the potential selection of virulent strains with OV\‘(h rates, leading

to a reduction in their genetic variability. However, a receng,study;, d| eas they
found an insignificant correlation between indi infecte It’l@ and
gastrointestinal symptoms (Darwish et al., 202 er e, per@al study

by Hussein et al., (2023) demonstrated th rt Blaﬂtoc § sub@s particularly
ST1 and wild ST3 are associated wﬁk olyp ind as ocystls infection
with ST1 and ST3 led to goblet cell @on of 09 '})ectlvely The conflict

in results may be attributed to expo ure goble s in the gastrointestinal

tract to mucus pathogens, tri in ucm@m (MUC2).
% N

In various studies, ST3'has comsi yt'e ged as the predominant subtype in
numerous dlseas@s I 5’ amo tran% nt recipients, HIV patients, individuals
N
with dengue, QMrs .sDas t‘gl, 20%6/ Fontanelli Sulekova et al., 2019; Silva et
al., 2020, ajan et al. /2 QQ‘gmy researchers suggested that ST3 correlates
’
with gft stinal sy tor{s. ,I—I\,&Vever, it is important to note that ST3 is extensively
d ented in both symptom\fl'c and asymptomatic individuals. Furthermore, a study
A@ted by Bednarska et al., (2018) observed that Blastocystis ST3 and ST2 were

Oected in individuals who suffered from intestinal disorder and colitis ulcerous

respectively. ST3 is associated with weight loss while ST2 with diarrhoea and
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abdominal pain. Blastocystis ST2 infections are most often asymptomatic, but
gastrointestinal problems and chronic urticaria sometimes occur (Vogelberg

2010). In Italy, ST2 accounted for 14% of isolates in mildly symptomaho@ﬂuals,
who had irritable bowel syndrome (IBS), experienced chronic dlarrhoef&d various

forms of immunosuppression (Mattiucci et al., 2016). ?

|tleous diarrhoea in

tes theymajority (76%) of

re‘ﬂ\RTWo

weeks (Christen Rune Stensvold etal., 2011). Ar rewew‘gtu y found on_ at ST4

While, Blastocystis ST4 is significantly associated

European patients, particularly in Denmark, where it c

Blastocystis-positive cases in individuals with acuteydiarrhoea lastin

and ST7 are associated with pathogenic potential\@s they te'1L-8 ezé?’expressmn

in human colonic epithelial cells and der@%tem q]ot Cygam e protease can

degrade immunoglobulin A (IgA), WhICh ws-the p & nise the intestinal
environment while protectlng its t]}.e rr’mu@%efences (Puthia et al.,
2005). In addition, ST7 induc n ex ion of A&mflammatory cytokines IL-
6, IL-1B and TNFa (Deng et'al., 021, uthiatet'al. ) Furthermore, this particular
subtype was observed%eral Vﬁzﬁ}mlsed patients including transplant
patients (4. 2%), C |e tsl(8 3% and atlve colitis (14.93%) (Andersen et al.,
2015; A. Asg ri I ., 2020; SI }!t 20) In most cases, Blastocystis subtypes
are thoug the wjlyto 0 he tight junctions between intestinal cells and
intestinal ent, |m‘:)a mg%a[r\l,&"functlon and contributing to the pathogenesis of
D

<)
au e disease (E. M. H§3e|n et al., 2008; Mahmoud et al., 2023).

: The results suggested that not all strains of a given subtype are pathogenic.
espite conflicting results between Blastocystis subtypes and clinical findings, ST1,
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ST4 and ST7 were generally associated with symptoms, while ST2 and ST3 were
considered pathogenic (Darwish et al., 2023; Kosik-Bogacka et al., 2021; Jerew
Parija, 2013; Mehlhorn et al., 2012). The pathogenicity of Blastocystis@s on
several factors, including the pan-genome of infected subtypes whidFN code for
virulent factors and toxins as well as the host’s immune response anthtions with
the intestinal microbiota (Rojas-Veldzquez et al., 2022). This indieates that subtype
alone is not the only factor linked to the pathogenicity o Easlites (Tito et al.,
2019; Roberts et al., 2014). Furthermore, a recent stu serv Mptomaﬁc

ogeni¢ ch tdriiieg‘/v‘hen

Blastocystis in a human gut can be triggered to develo

influenced by the intestinal microbiota (Raja

et% Gen@ﬁ: data in

tifica@gg recognised
i par@on the intestinal

qqe\r’ricity and commensal

combination with in-vitro and in-vivo studi

virulence factors and revealed the haN iiauences 0
barrier, leading to reliable models WOgeneS\ﬁheTpa

N,
of Blastocystis has been summasi the c%nce map ir@(l"aure. 2.1.

s

N
Although the pre ncmlastc’:ystis nl b@mptomaﬁc and asymptomatic
S abat H-S a

patients raised concern WI‘% tbéljapgen or commensal, this parasite is

now recognised a@pa (lgen d par@ and 1s listed in “Water Sanitation and

N
Health Progr@%the Werld thégfanization (WHO, 2011; Milayim et al.,
2021). BIQ&IS alsg matched a the pathogenicity criteria that Giardia and
’
intl

Enta tolytica ludi

e

ke

&

fulfilment of Koch's postulates, demonstration of

%

a tN@e that eliminates bothhe organism and the symptoms, and enhanced immune

N

se in symptomatic patients (Sekar & Shanthi, 2015; T. Roberts et al., 2014).
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2.2.6 Prevalence of Blastocystis infection in diabetes diseases

Type 2 Diabetes Mellitus (T2DM) is a prevalent disease across the wo\i gM

is characterised by the inability of the body to produce sufficient insuliﬁo tain a
proper glucose level. It will lead to chronic hyperglycaemia resultingin impairment in

innate and acquired immunity, ending with the immunocompremised”condition that

OlWhim, 2020). Most
a b@?o certain
populations with immunocompromised conditions iacluding diabetes @is asé.@e to

makes it susceptible to parasite infection (Berbudi et al.,

recent findings demonstrated that Blastocystis infecti

hig'hg_%valence

the general immunocompromised conditions duri abetes m‘.ell us,
of various infections is expected in diabetics, bqui emi qu}/data in this
regard are scarce and there are few studi@s e pr f inestinal parasites in
diabetic patients especially Blastocystmion our

a list of studies that observed on p ce@ce %f%ys i

'&%DM participants when
é § S
compared to healthy controls.\ Aj \SQ

Blastocystis horr%gite has’bee e\}ea@in many cases with uncontrolled

al. 90 . Table 2. shows
,2020)

4 f &
diabetes as diabetic Wts are' 0 be gnimocompromised which puts them at
higher risk of i /c%hby [ \:i;::asg(Marcos & Gotuzzo, 2013; Popruk et al.,
2020). Ther sﬁs) stu t‘at erfo trated that the risk of infection with intestinal
.

NN
parasiteg’ W, tinge Fr fomh\atients with diabetes mellitus (DM) rather than

heamople. It was foun@t the most infection detected in this study was

S@rstis hominis (Mohtashamipour et al., 2015). This result was supported by the

Q that was conducted in Morrocco which parasite infection was significantly higher
p

atients with DM (48%) than in controls (10%) which the most detected parasite in
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Blastocystis, 42% in diabetic patients and 10% in controls patients respectively
(Aourarh et al., 2020). In another study conducted in India, the rate of parasitic irw
was observed in equal numbers of diabetic and non-diabetic patients. Amo \etics,
the most common parasite infection is Blastocystis (23.2%) (Khanrﬂ*l., 2022).
However, it was not similar to a study that was observed in CamerocWica as it has
been demonstrated that the risk of intestinal parasites am nmetics was 10%
compared to healthy control was 23.5%. Nevertheless, the tst')cystls infection
was still higher in the diabetic patients rather than contr oup bo and 1.2%
respectively. This can be explained by the greater nu of physici v@tii-rg; rred
by diabetic patients than by non-diabetic p he i paujg consult
frequently and are treated for possible intes Ip smo\mfe ions (Iégit al., 2016).

Overall, the microscopic examlnatlonwaent studie yr Q?ed the present of

Blastocystis which may contrlbut the lo t?/lt hﬁ‘ﬁwas mainly used to

improve the visualization and f%m of'|3last ystis ftgn?s (C. Rune Stensvold &
Aj‘ Ko

Clark, 2016).

N
However, there are li ed S udfe e be ported on Blastocystis subtypes of

infection in dlabN nts, Amplificatio ‘U%BIastocystls DNA from recent studies

revealed that NSU m.%l}bat is also higher than in controls (de Melo et

21, et aI conducted in Brazil observed that there were
severa ystis sub pe weré‘iﬂentlfled including ST1, ST2, ST3, ST6, ST7 and
ST %Zestmgly, there was\predommance of ST1, followed by ST3 and ST8 in
% c groups while ST3 was observed followed by ST1 and ST2 in the control group
0 Melo et al., 2021). While a recent study from Turkey reported higher rates of

Blastocystis infection in the control group compared to the diabetic group, molecular
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techniques were employed to identify Blastocystis subtypes, revealing the presence of
ST3, ST2, ST1 and ST6. However, there was no significant difference betw

groups in terms of Blastocystis positivity (Bargin Oztiirk et al., 2023). %\
Despite there is potential significance of the association bet Blastocystis

infection and diabetes disease, still has a lot of unknowns, espec$ it comes to

omnistic infection in

uced ‘n\st? mucosal
integrity and increased risk of diabetes (Fattahi Bafighi et al., 2015). 'e ﬁre\\ﬁrring
T,

consensus suggests that the clinical manifestati duced ‘Qy la cyst@ight be

stirmriune , parasite

itathp hogens (Deng

pathogenicity (Dubik et al., 2022). Blastocystis may be

immunocompromised hosts, potentially contributing

related to factors such as Blastocystis subtype? the
density, intestinal microbiota, and the prese ot
etal., 2021; Tan & Mirza, 2012). Nonh, a r@v

in humans can be associated wit%m&sit}e%’g S i@)he intestinal microbiota,

“ &
2

digq;%icated that T2DM

favouring the occurrence of Blastegeystis 1 rou ﬁﬁ/patients depending on its

subtype (Crudele et al., 20233Deng et al., 2021). %
E (
\J &
NN
&
\



Table 2.4: Studies on the prevalence of Blastocystis in Diabetic paﬂen&% non-diabetic group

No Location Diabetes Study Design Number of Prevalence (%) Dlagnkl(,’ Subtypes References
Samples
Disease (N) DM NonDM Ap oach
1. Irag DM Cross sectional 419 35.48% N/A oscopy N/A (Ali et al., 2018)
2. Iran T2DM Case control 236 9.3% 6.8% Woroscopy N/A (Mohtashamipour et al.,
2015)
Cameroon DM Cross sectional 235 2.7% 1.2 l\ﬂk[ ypy N/A (Tangi et al., 2016)
4. lran DM Cross sectional 500 2.4% 2.4 ichBse 06& N/A (Fattahi Bafghi et al.,
A 2015)
5 Iran DM Case control 100 42% P 4 \oMtro%&)"y N/A (Aourarh et al., 2020)
6  Brazil T2DM Case control 175 12. 1% / M@écopy N/A (de Melo et al., 2021)
4. 37\ 30 3% ST1, ST2,
ST3, ST6,
_ ST7 & ST8
7 India DM A Retrospective 625 ‘%% Q— Microscopy N/A (Khanna et al., 2022)
study AN N &‘/
8 Iran DM Case control 501 :9.19 ‘10.@ Microscopic ~ N/A (Poorkhosravani et al.,
%z } P 2019)
9  Thailand DM Case control 230 2.'3%/ s 9% PCR ST3, ST1 & (Popruk et al., 2020)
A\‘ !\K ~<\_ ST4 _
0 . "
10  Turkey T2DM Case control @ \y; (_,{Q 9% Microscopy N/A (ZI?)Zgg)m Oztiirk et al.,
¢
C’) ?9%(;" 11% PCR ST3, ST2,
A% [ )) S ST1 & ST6
11  Egypt DM Case contro® 807 y7g @.5% 12.5% Microscopy N/A (Fadl et al., 2021)
)
12 Egypt DM Case coq@-\ 200 ~029% N/A Microscopy N/A (Waly et al., 2021)
N/A; Not available, PCR; Polymerase action
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2.2.7 Laboratory Diagnosis for Blastocystis

2.2.7.1  Microscopy \z

The microscopic method is usually made through the observatio stocystis
morphological in faecal samples with stained specimens (Tan, ZOmiagnosis by
direct examination in fresh form with physiological saline s Mld diluted lugol
solution is widely used in developing countries for Blast O&;n'atlon due to the
insufficient infrastructure and cost (Roberts et al., evera e 4) Stalns
usually used in Blastocystis’s detection include Lu ioding fo e“ t@ and

Fi ld€ tr1cK3~e stains.

However, previous studied discovered thaty,it uldvﬁe a“tow sen@wty for cysts

detection (Tamalee Roberts et al., @ contrast, hor@%tam is routinely

permanent-stained smears with acid-fast,

addressed in many clinical mlcrobl laborat 3 %tudles have shown it
is more sensitive for the detect estm%l protezea 2?;;? than iodine- stained wet
mounts (Tan, 2008; Gardn 3 98 ): \A

X TS

The documented for’s of_BI: s!'séc}@nswt of vacuolar, multivacuolar,

amoeboid, granu& st l‘1at be @ted by using this technique. By some
N
means, mlcro% etection b F&shd%eéal smears is difficult mainly due to the

which leads to false analysis. The classic

‘%c

morpho Io ers |tu) ar

vacuo may be nteﬁmtt\e/ﬂ‘f’and the rarer cystic, amoeboid, avacuolar and
m é)lar forms may be p\edomlnant The cysts different in size and appearance
% ning the vacuolar form may be undetected (C. Rune Stensvold & Clark, 2016).

0 been observed by a previous study conducted by Roberts et al., (2011), the finding

showed about 50% of the infections with Blastocystis are missed by using permanent
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stains although the method is the gold standard for diagnosis of enteric protozoa. The
low sensitivity of this method will lead to misleading observation if the inexpe?!d
individual is unable to identify the boundless morphological diversity of t@zoan
(vacuolar, granular, amoeboid, and cyst) and to differentiate it with protozoa,
yeasts, human cells and artefacts. Also, the low sensitivity may resul ow numbers
of parasites in the samples. Thus, they are not detected by t wg procedure. It
likely to underestimate the prevalence of the stramenophi Y

thisfechnique is not

adequate to differentiate Blastocystis subtype but it be Wy in-vitro

imp
cultivation of faecal specimen in culture medium (J V., 2019; r‘dl_ﬁh) t al.,
4
<

2018; Roberts et al., 2011). Y. \
2.2.7.2  Invitro cultivation %\,

Xenic or monoxenic Iaborator@ﬁures of \rocg is'i

of Blastocystis cells grown i

species of microorganisms i
Drbohlav’s inspissate ium.
\\mem

Australian marsupi eportedl '@ay not support faecal cultures from

certain animal I’Qt{ n : e rr@ﬁcations were made to utilize a diphasic
[

agar slant @vhic w

pigs, an% ns (Abeozz).

wgﬂc cultures are cultu\es of Blastocystis cells that do not associate with any

({‘gﬁ% culture of Blastocystis isolates from cattle,

iving organism which are demonstrate luxuriant growth in a variety of media

Qh as Iscove’s modified Dulbecco’s medium, minimal essential medium or biphasic

inspissated egg slant overlaid with Locke’s solution (Ho et al., 1993). The doubling
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time of axenic isolates can be variable ranging from 6 to 23 hours depending on the
isolate, the study and the type of medium used (Boreham & Stenzel, 1993; ZVN\
al.,1981). Some techniques can be used including by the pour plate metho@ was
the colony growth of Blastocystis cells can be established in soft agar a al growth

was achieved by the addition of sodium thioglycolate as a reducing ageft. It was useful

for isolating the parasite colonies from the bacterial ones aqe reening surface
0

reactive antibodies for cytotoxic activity (Moe et al., 199 . In addition, it

ny20
indic ewe growth
L ]

Yw
dium are marketl I&G%Terent

.,2% 08) Axenization

anbkilotl cock to eliminate

also can be grown in a solid medium but it has be

characteristics of the same Blastocystis isolate in a sol
from those of the isolate in a liquid medium.(T:

also can be accomplished by the addiw

ure@e been described

contaminating bacteria and yeasts a vw ntibiotic

with various levels of success. Ho , the \s'sxxg 9@13/ laborious and may
N,

ﬁ’

take weeks to months and th fuI imination is guaranteed (Tan, 2008;

&
Zierdt, 1991). ’ N

s
!
Most studies tended t ppl)t\ s édium with 10% horse serum because
of its convenienc ds sﬂ@tec numbers of Blastocystis infections in

large samples st ies. It %ﬂbew) served in the previous study, XIVC was

itological techniques which were able to detect

more sens n any traditional p
’
the differ orpholog al sﬁg%ﬁ‘ﬂ:ludmg the cysts stage in culture since it might be
<

exp& at cysts would excy\~when incubated in culture under anaerobic conditions

A’é’c

(C. Stensvold, 2013). Plus, IVC in Jones’ medium followed by Wheatley

Qchome staining method showed a significantly higher detection rate (86.3%) of

Blastocystis infection in comparison to fixed-PVA stool specimen (PVA) followed by
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Wheat Trichome staining (68.6%). It has been discovered that the negative predictive
values of IVC suggested the detection of true Blastocystis-free was 93?11
comparison to 91.8% with PVA. Meanwhile, the positive predictive value @m

the probability of having Blastocystis was 78.2% for IVC and 37.4% A which
displayed that IVVC followed by Wheat Trichome staining was supe TBlastocystis
detection (Noradilah et al., 2018). It was supported by other dle at demonstrated
when both microscopic techniques (Wheatley’s trichom n nd 'n -vitro culture)

were used together, the overall prevalence and sensitivi the detectlon

were markedly improved and increased, which wer

% and 60 ]es@vely

0 misin atlo@ﬁd under
ot dopﬁd in“the stu@;hammad et

AN
nq%CR) and Real-time

Polymerase Chain Reactlon R) A} A‘?/\—
S

Concerning the % genet J "I!) ong Blastocystis subtypes, the

PCR-based meth bec ost able diagnostic method. PCR was

widely used as fer ete \rﬁwe to(jﬁlgh sensitivity and specificity over other

microscopy. s (S ns 0 Zf)lb‘.lgirkar et al., 2007; Stensvold et al., 2006).

Being solely depends on one technique coul

reported results if the molecular technique

al., 2018). \‘ﬂ

Howev oStrdevelo ?untrleé\ annot afford to use PCR as a part of diagnostic
tool requires expenswe complex tools which also require specialized and

ained technicians to promote intended results.

The first diagnostic by PCR for detection of Blastocystis was introduced in 2006

before the introduction of the consensus terminology (Stensvold et al., 2006). This
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conventional PCR was based on sequences present in GenBank at that time and
targets~300 bp toward the 3’-end of the SSU rRNA gene but later observations t
that it may exhibit preferential amplification of ST3 over others due to theeyj cific
polymorphisms on both primer annealing regions. But now, the ﬂ&g-specific
diagnostic primers have been determined and these are useful to identify'them distinctly
which provides information on the distribution of various gen

es-among human and

animal populations and the zoonotic nature of certain g (kaar & Shanthi,

L ] \T
| &
Numerous studies have used STS prim n subtx,oi g thod%‘tégy that
ich the

appeared to be insensitive especially those targ&g- S \fGNQ gommon 18S

allele (allele 42) resulting to be ur@t 13; ;Stensvold, 2012).

Moreover, STS primer pairs are only available-for

2015; Tan, 2008; Li et al.,2007b; Yoshikawa et al.,200

(1]

T7. Igce, the other STs
S

roc@}% are rather long (~300-

remained undetected by using thi%cmi a#‘%y
adwan

9 Q—
700 bp) which is a clear ﬁ& tage ‘sipce’ the jiﬁners are sometimes used

N
diagnostically (Stensvf, W It h#s be lepStia‘in a previous study that ST4

accounts for 1% of Blastocystis carri uﬁag@TS primer and is mainly absent in

those countries ty@\sia@vﬁddlg{‘%ﬁ. Furthermore, a survey that has been
N
conducted acr, s\wgl e depo ?lha(,&dse using STS primers indicate a lower of

infection mixed ST/infecti compared to the prevalence of the parasite,
’
probas%'/o of all cases (gtensﬁde, 2013).

N
3
%\nother approach of Blastocystis isolates by PCR of SSU rRNA genes followed
e

action-restriction fragment length polymorphism (RFLP) analysis, dideoxy

equencing, or nested amplification of intragenic regions (Abe, 2004; Tan, 2008). In the
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last decade, Blastocystis strains have been subcategorized using PCR-RFLP analysis
which is usually used in prevalence studies and a variety of primers for its amplif

It has been called ‘riboprinting’, each ‘riboprint’ pattern identifies the ‘ri@s’ to
which the investigated parasite belongs (Clark, 1997). However, tm;qe several
limitations in a lack of standardization of the condition and choice ost mutation

at restriction sites and the difficulty in interpreting RFLP profllgs fro ixed infection.

Due to the limitation of several approaches, th sive genetic ver3|ty of
Blastocystis was clearly and independently noticeable by (Clark, 1997 S‘te@mld
(2013) indicated that pairwise genetic distances ng some oun&r ovat least
14.8% and this situation has made the de3|gn ofgenu
faecal DNA template amplification much @B(alle i

encountered in the clinical mlcroblology ora

U')

c rim s;\:hat apply to

for most other parasites

dir&g%ears vigorous for

genetic characterization comblf% seno orward g{,‘h,;}er of broad eukaryotic
specificity (RD5) and a genus=specific rev'eﬁ%r}e @&)r) (Scicluna et al., 2006;
C Rune Stensvold & Clark, ). Se’}u tlac \m PCR products obtained by
barcoding may be dlfflc% mt%(uszﬁa(}f, mixed ST carriage. However, the
barcode fasta fll@e @ed m@ually or by bulk submission at the

N
“Blastocystis GNS) nd t‘LLoug-"iequence Typing (MLST) Multi Locus
atat? .p&b}mlst.orq/blastocvstis (Jolley & Maiden, 2010;
015

Sequence

: old et al.¥2012). Q}Wt from identifying on ST level, this technique also
co\ allele analysis w\c(;ﬁ offers higher resolution than subtyping alone (C.
Id, 2013) By using this barcoding method, a previous study by Noradilah et al.,

E 0
0)17) discovered that the isolated Blastocystis ST1, ST2, ST3 and ST4 were

successfully detected from Aboriginal communities in Malaysia with an overall
51
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prevalence of 40.2% where 42.6% and 27.8% of the subjects were infected with
Blastocystis ST1-ST4 during the wet and dry seasons respectively. However, baw
PCR relies on the protocol originally described by Scicluna et al., (2006) ﬁ@s Ives
amplification of partial SSU rRNA genes. When used on genomic DN&om stool,
amplification of non-Blastocystis DNA may occur, especially in absence of a
PC

Blastocystis-specific DNA sample. Hence, the primer used in t eaction; forward

primer of broad eukaryotic specificity (RD5) and a ge ific' reverse primer

fu gz’ﬂ*&&despecially
"X

Due tothat.r as[)n@PCR
ar chdr i atioo\gf' positive

ingg\lt beerg@}; ighted that

barcoding primers are usually very C|f';> when us n @ extracted from
Blastocystis-positive cultures (Sten@s& Clark, x ,<\
N,
& 4 <§_—)
More recent methods h used Whichsas ree&lﬁne PCR for the detection of

N
Blastocystis on faeces. 'timnly t‘}o pa {a@is " real-time PCR assays were
st PCR as

published and the fir ow éejgsitivity and a specificity of 95%

(Stensvold, 2013ﬁi{e ta .,l2011 he o@ssay published was based on Tagman
N
technology incmtha specific o‘p& au%(ternal process control to identify cases of

PCR inhib@ as been s to
by

subtypes uf(til&/’!@'in humans (Stensvold & Clark, 2016b). Primers

(BhRDr) are not fully specific to Blastocystis and may a

in the absence of Blastocystis DNA in the human sam
should not be used diagnostically unless for

samples has been detected from previo

e a sensitivity of 2.5 parasites per reaction and

ke

can d:c
an% targeting the SSU\(%NA gene with a specificity of 100% can help to

%te carriers for non-carriers. (Stensvold, 2013; Stensvold et al.,2012; Stensvold &

oark, 2016).



2.2.7.4 Next gene sequencing (NGS) — Blastocystis

Recent molecular approach tools have identified that the mixed in |o of
Blastocystis may not be detected because of the preferential PCR ampll ca oft
predominant subtypes. Before this, sanger sequencing coupled wit ng had been
previously used to detect mixed infections when mmture&spected to
chromatograms. However, this approach risks overlookin sub

L@?rted even
t-generation seque mﬁg@GS)

to genomic DNA offers a unique and cost-effec opportu‘glt to study ,@_\genetlc
w
Q\ S‘T
de @rful tools for the

Next-generation sequencing (N %mlogies p
orBlastocystis, the SSU

characterization and quantlflcatlon robial co tie A
N,
rRNA gene is currently the

es present in the low

abundance causing genetic heterogeneity within a spegi

when cloning is used. Therefore, the application of

diversity of intestinal parasites and can detect mixed inf

Iogenetlc ark er lable as it is the most

commonly sequenced Blas stl gen der able references that include

all subtypes prewousl% Also ext- nﬁra@ amplicon sequencing generates

a vast number of |dual m mgle simple allowing for a highly

sensitive popul on eveI (Mal ,Molokln, etal., 2019).

It h eport by)M Io@ﬁd colleagues (2019) that, the NGS approach

|f|c prlm S hﬁ's a Qf€ater sensitivity compared to Sanger sequencing
>
<

CO |

th cloning. The stuay'showed among 75 Blastocystis positive that obtained
attle faeces, a total of 14 subtypes were detected by using NGS while Sanger

Ouencing was not able to detect another three subtypes. It also showed the agreement

between the two sequencing technologies and demonstrated that NGS was as accurate
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as Sanger sequencing for subtype detection while being a far more sensitive tool for the
identification of mixed infections and low abundance subtypes. Similarly, other?!!s
also revealed that the NGS method efficiently identified the mixed @n of
Blastocystis in human samples. A mix of ST2 and ST3 was observed irﬂ;% (n=5) of
mixed infections and a mix of ST1, ST2 and ST3 was observed in 1Wn:3) of the

mixed infection samples (Rojas-Veldzquez et al., 2019). \,

2.3 Diabetes disease J _\5}
<
Diabetes has been seen as a severe dlsease ong t der Rz-a significant
effect on the lives and well-being of p es 30 un| s worldwide. It is
among the top 10 causes of death in adult d was esti dt _o\ e caused millions

of deaths globally in 2017 wit ﬁ(p%lt?e of @ound USD 727 billion

iJet al geag) Thus, both the United

(International Diabetes Feder 017;

zatio

*

Nations and the Worl rga 5 are focused on diabetes as a
significant public health is 0\ thgémense global epidemic of the most

critical non-com m gl@ase (S@ etal., 2019). Diabetes mellitus (DM)
has been refeems .7 inica dr anifested by chronic hyperglycaemia in

the absen tme np‘ly\ éé! us aetio-pathology includes defects in insulin
secretﬁ%ﬁlm actiont’ or oth d disturbance of carbohydrate, fat and protein
IS

(WHO, 2019). TMlgh blood sugar produces the classical symptoms of

a, polydipsia and polyphagia.
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There are three main types of diabetes based on the World Health Organization
which are Type 1 diabetes, insulin-Dependent Diabetes Mellitus (IDDM),
diabetes mellitus (T2D) or Non -Insulin-Dependent Diabetes Mellitus (@ and
gestational diabetes mellitus (GDM). Type 2 diabetes mellitus (T2DVW& complex
and multifactorial metabolic syndrome characterised by an irreguWabolism of
carbohydrates, fats, and proteins that leads to increased level Mse and lipids in
the blood. Chronic exposure to elevated levels of gluco Sy:ds' activates some

pathways that cause impaired insulin secretion from pancreatic f3- IIW tolerance

23
in peripheral tissues, reduced peripheral tissue glu@w'sation nd o[m patic
glucose output (Rehman & Akash, 2017). 4 \j("

Y' \ <
In terms of global diabetes preval@e 2.di (T2@$\has increased

significantly in recent decades. Global diabétes pr%

of the global adult population (ZO-E?eas) ia Z%Qi gt
0

« &
by 2030 and 10.9 percent (7(9&& ion) by“204 Pre\ﬁfﬁnce of diabetes differed by

N
World Bank income quﬂw'a hi’her \fal@mong high-income countries
incoa

(10.4%) and middle- countrie .5%&5@mpared to low-income countries

estlm d to be 9.3 percent
Q})'QS percent (578 million)

(4.0%). Neverthe}éq] 04 ,'an in easin@)vement it projected to reach 11.9%,

N
11.8% and 4.c/o\|Nigh, middle rlgllou-%véome countries respectively (Saeedi et al.,
2019). Di&areval ce nu be.ﬁr/e largely determined by people with type 2
'S
diabet wﬂ'i

us (T2D ch \C,Rr'ﬁprised about 90% of the total population ranging
5

frog{o and adults (Lascaﬁ*et al., 2018). In Malaysia, the National Health and

ity Survey (NHMS) 2019 reported there were almost 2 million (1,999,450) adult

Oividuals with known diabetes ranging from 7.3% to 23.8% resulting from a variety



of causes including population expansion, population aging, rising rates of obesity and

physical inactivity (Akhtar et al., 2022; Harris et al., 2019; Samsudin et al., 201?'
2.3.1 Development and Pathogenesis of T2DM 3 )

Historically, DeFrenzo (2009) presented the idea of the Triumvikate that resulted
from deficits where it involves three factors; the pancreatic 3 cell, liver and the muscle
ez

that lead to the pathogenesis of diabetic and hyperglycaem onz’) noted that in a

normal-weight patient with T2DM, the relationship be n fa |n e and the
insulin response to an oral glucose tolerance test f S an inver ulsr@ This
pattern summarises the natural progression of T an& as thejwcrease in

fasting glucose initially stimulates a comp tor, incn?se 'nsuli@ggjction from

B cells but as fasting glucose mcreasew he B cell ¢

output. As a result, insulin output is %swely

ot %in this increased

0,®patient’s high fasting

plasma glucose. In addition to t|o na e insehinires in patients with T2DM,
the effect of insulin has b ro bod other words, patients with
T2DM are insulin rem&h' furtw ée demands on the 3 cells.

In the Iast e, in I t of eqgr g complexity of the understanding of
T2DM, DeFr zo an ecbhl o'del \Mfrom the triumvirate into the ominous
octet. The I reco d the role of fat cells, the gastrointestinal tract,
pancr lls kldn s aﬁ'd t'h\e?)'raln together with muscle, liver and B cells in the

pa&g&n is of T2DM (DeFr?hzo, 2009). In fat cells of healthy individuals, insulin

‘%s lipolysis thereby suppressing the release of free fatty acids. However, in patients

Oh T2DM, insulin resistance prevents insulin from acting on fat cells, leading to

increased lipolysis and elevated free fatty acid concentration. The excess free fatty acids
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cause lipotoxicity which further promotes insulin resistance, inducing inflammatory and

atherosclerotic provoking adipocytokines. It also decreased the insulin-sen

adipocytokines (adiponectin). In T2DM, it is also found to have enlarged f@/hich

ironically will decrease the capacity to store fat adequately. As th@%not store

adequately, lipids overflowed into the liver or muscle will produce ingulin resistance.

Furthermore, the lipid overfilled B cells and arterial smooth Mch results to an
-

impaired insulin secretion and also atherosclerosis (Sears 015)

After several years of research, scientists discqvered that gut Mfa.qays a
)
role in the pathogenesis of hyperglycaemia in @ Ob‘e'sit , N -alc@ric fatty

0ave,

; Z.iZhou et al., 2022).

liver (NAFL), insulin resistance, and chronic inEmmat' | ass ci?e{d with the

development of T2DM (Mouries et al., @d ;ﬂ,

The gut microbiota can influence glucose“homeastasi ug&ggltiple mechanisms
A

(Gérard & Vidal, 2019). Further , aare'pﬂ%’ additional unidentified novel
d %
inflammation,/ caus y infectious agents, that
. — N .
contribute to this risi pmce T2 l( U% et al.,, 2016). In developing
countries, infectious pressuramight\ anﬁzi@r modifier of insulin resistance. For

example, intestin@ ic 'n|‘ectio like @minth may affect the whole body and

o

risk factors, such as subclifi

*

N
tissue-specifi((hwn nsitivi ‘,bw' 0 their immunomodulatory properties
(Tahapar Qy 015)./Other rece eviewed studies also suggested the intestinal
'
parasi %oxoplas gG'ndji\, uld be the inflammatory mediated destruction of
<,

pafigreatic P cell mass that ulthately contributes to the failure of the B cell to produce
A@ insulin. This in turn would increase the risk of developing acute and chronic
Oncreatitis as well as diabetes (Molan et al., 2020). In this regard, an emerging field of

research is beginning to investigate the potential of infectious and environmental
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pathogens to cause low- grade inflammation that may facilitate the risk and
development of various metabolic conditions, including diabetes and obesity. ]
the development of Type 2 Diabetes Mellitus (T2DM) is influenced b ying
abnormal conditions such as nutritional factors, physical activity%ysbiosis,

metabolic memory, and mitochondrial dysfunction (Galicia-Garcia etq., 5020).

O

2.3.2 Pro-Inflammatory Cytokines: IL-1 and IL-6 in T DV\R~

Type 2 diabetes mellitus (T2DM) is thought to b sed i Wlibclinical
T
iabetes is ar‘c&@d by

din,g{ ellsa\n?-impaired

insulin secretion. Inflammasomes are ortant sensorsy, of @;‘/T metabolic

dysfunction and p-cell dysregulatiowae they ¢ ctiv@%n inflammatory

response in response to a variety of ijs (Yang\‘h,%O )@:cumulating evidence
-:j y N,

points out that the inflammatio fT2DM i tslhaz(/ characteristics; elevated

cytokines levels and increa@dio’ immune @nostly macrophages (Herder
et al., 2015). It is s% the risk of 2bh®an increase due to the level of

4 2
at ir

&
inflammatory bio’%th mll;éa!ated which directly enhance insulin
resistance (IR) and to oh

\ :
homeostasi &9& Fernand
NN
stress a% radefi ation*é\ediated by mast cells (MCs) which can worsen

insuli sitivity, p-cell acti@énd cardiovascular events (Todingan et al., 2023).

‘@mmatory mediators or cytokines, particularly interleukin-1 beta (IL-1p),
|

chronic low-grade inflammation. The pathogenesis

hyperglycaemia regulated by various mechanis

of @ﬁn sensitivity in turn impairing glucose
M
261?&} DM is associated with increased oxidative

eukin-6 (IL-6), tumour necrosis factor-alpha (TNF-), and various other IL-1-

\\5'
pendent pro-inflammatory cytokines and chemokines, are major contributors to
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insulin resistance by inducing various inflammatory responses (Rehman & Akash,
2016). However, the relationship between inflammation and diabetes melllw

insulin resistance is still being studied (Fadaei et al., 2020). ('}

Interleukin-6 (IL-6) is one of the main pro-inflammatory cytoki hat involved
in various inflammatory processes by controlling diffe tiati migration,

proliferation and cell apoptosis (Rehman & Akash, 2016), It Wplex roles and is
expressed in many cells including immune cells, skel scle cWancreatic
i

contributes to ingulin P’esi\B(a'hce

cells. Itis also considered as a predictor of T2DM t

oy
pan I‘SQHC islet cells

and decreased cell mass, which eventual% to i apo , Which is the

primary cause of impaired insulin secre W? l«i 2016). It is well-

established that chronic infla g{ |sultﬁ)’\&re5|stance in T2DM.
. by

Accumulating from resear s ies, at| have higher levels of

inflammatory markers such 6 ani C-re |n (CRP) and likely related to
excess adipose tissue. bhag s ih xpress IL-6, which promotes fatty
acid oxidation an oly@ner et 022, Rodrigues et al., 2017). Whilst,
TNF-and IL- ,t ma r% Iammatory cytokines, are major inducers

of IL- 6% ( reveﬂal

Ang cytokines, mterl@ 1B (IL-1B) emerges as an important player in 3-cell

‘% secretion of insulin. It belongs to the IL-1 family and has agonist activity.

atopoietic cells, such as monocytes, tissue macrophages, skin dendritic cells, and

rain microglia, produce IL-1p in response to Toll-like receptors (Dinarello, 2011). It
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has been stated that the presence of IL-1B in genetically predisposed individuals
worsens insulin sensitivity via insulin secretion, thus contributing to the develw
of T2DM and macrovascular complications (GELEN et al., 2017). Chronicwj ated
IL-1B levels in T2DM individuals cause B- cell dysfunction (Tong et a%?). It also
induces an acute phase response, low blood pressure, dilation of the?c;i vessel and
fever which can ultimately result in large inflammatory even jie Wang et al.,
2020). From the recent studies, it has been indicated that p a mat".)ry cytokine IL-

vidu sWal., 2017;

"AY
Q. Zhou et al., 2018). These show that ianamma@sesses lay egiis@le in
the pathogenesis of T2DM. Y. 4 \j("

Unfortunately, in T2DM, the host’s @N res

in Q)duction resulting
from an immune response agathst a/ acan%y)g J)i-ke intestinal parasites.
d %
Therefore, T2DM is knowntﬁg\ re susceptible to in:é&ions (Berbudi et al., 2019).
N
As suggested from a reﬁntw protbzoa flctg%pecially Blastocystis ST7 may
d

exhibit immunocompromising functid ézv-sr,al potential virulence factors have

1B levels are higher in T2DM compared to non-diabetic

ns

——

been identified t@su rt theiview athogenicity. It had been reported that

N
Blastocystis S(?sl?ﬂace he mit ?Lacﬂ;gﬂ(ed protein kinase-dependent expression of

pro-infla cytoKines jsu
’
macroSa mouse in stingl explants and colonic tissue (M. X. Lim et al., 2014). In

a -6 and IL-1B and tumor necrosis factor in

e

&)
suwy, it has been sugges& that the observed expression of pro-inflammatory

%wes appears to be associated with a generalised immunity weakness and alteration
gut microbiota. The changes may have consequences on the short and long-term of

diabetes-related complications (Almugadam et al., 2021).
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2.3.3 Diagnosis and Management of T2DM z

(a)

Type 2 diabetes mellitus (T2DM) commonly is described as a gr@&metabolic
disorders characterized and identified by the presence of hyperglycaemthe absence
of treatment. The heterogenous aetio-pathology includes def tsiNsulin secretion,
insulin action or both and also from disturbances of ca Y

ate, ,fat and protein

metabolism. Diabetes can also be more severe, with lon m s cwts such as
‘X
mplicatio Wo@ealth

|gh% deva@?ng other
aa?rac nd n@c‘oholic fatty

liver disease (Z. Hussein et al., 2015)" more the i

al increased risk of
some infectious diseases and are prtﬁys paraS|t|\fsc§g$0

retinopathy, nephropathy and neuropathy among ot

Organization, 2019). Diabetes patients are al

diseases such as heart, obesity, erectile dysfuncti

@baei etal., 2023).
0 C?

Diabetes can manifest Etlceab toms &ke increased thirst, frequent

urination, blurred visio anWht Io’s H ve m}(ZDM symptoms may be mild

or even absent due to the gr ual o'f Iﬁ.xperglycaemla Without biochemical
testing, patholog an func |0nal hang @om elevated blood sugar levels may

diagn05|s

persist unnoti d an' exten |§er eadlng to complications at the time of
v of n ag diabetes varies across countries, contributing

|aI perce age’ of @es with delayed identification (World Health
A S’
Or Ization, N

2019).

Dlabetes may be diagnosed based on plasma glucose criteria, either the fasting

lasma glucose (FPG) value, 2-hour (2-h) post-load plasma glucose after a 75g oral
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glucose tolerance test (OGTT) or criteria in the presence of signs and symptoms of
diabetes. People with fasting plasma glucose values > 7.0 mmol/L (126mg/dl), 2?!—
load plasma glucose > 11.1 mmol/L (200 mg/dl) or HbAlc > 6.5% (48@1) in
the presence of sign and symptoms are considered to have diabetes. | ed values
are detected in asymptomatic people, the testing will be repeated withythe same test to
confirm the diabetes (WHO, 2019). It should be noted that the different screening tests
could produce different detection rates that vary in pop@c‘mdual&
Diabetes care is generally available at majorgpublic "hos tals\'gst‘onQEVel.
Patients will be referred for consultation with di%ﬂiak}et nurse egégrs and
pharmacists, mostly on an individual basis. The ma N ofézé-}/M includes

lifestyle management and pharmacologi@m

patients in Malaysia have poor adhere to{ﬁ\st

management results from proper c@tioa 6%7\1

d %
when needed, pharmacothera “Hussein : OlS)A‘E’ngaging in physical activity,

N
such as regular exercis m@ults 'vith IM S&een linked to improvements in
meta)

blood glucose levels, ip'oéxjy, body mass index, inflammatory

lic QQ
markers, cardiov& eaU@veraI ‘W}ll-being (Nadeau, 2014). In addition,

N
weight loss isfan ortantgther ejplic a@dctive for patients with diabetes to reduce

insulin res%o (Z. Hussei al \(:0/15). Recently, cardiovascular outcome trials
v <
several

\}mg therapies in T2DM management including oral

beery stated that T2DM

[92]

‘ Thigccessful diabetes

ea&é} physical activity and

(CVOS) confirm
gILﬁQ ering drugs (OGL?;? and injectable agents. Metformin, Sulphonylureas,
inides, Alpha-glucosidase inhibitors, Thiazolidinediones, Incretins, sodium-

Ocose Cotransporter 2 inhibitors (SGLT2-i) are part of OGLDs. While the injectable

agents include insulin and Glucagon like peptide-1 receptor agonist (GLP1-RA). In
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brief, treatment of T2DM is begun with metformin as it is the first-line oral therapy for
T2DM according to guidelines from several medical professional groups. HOWTT
monotherapy fails, the combination of other agents is recommended g to
established guideline (Malaysia Endocrine & Metabolic Society, ZOZO%U, 2014)

Maintaining a long-term integration of lifestyle modification and ‘gharmacological
management is important for achieving good metabolic cor%l\fﬁlabetes (Wake,

2020).

,é\ | &
2.4 Human Gut Microbiota Y. \‘. \;‘?

in several body niches

on&@M) which is home
t on M}&ch is at least 100 trillion

such as skin, vagina, nose and mouth The'gre th,t\m'
to trillions of prokaryote and euka Is R ex

(10'%) microbial cells and qua VII’ ses on u hltman etal.,1998; Haynes
N

and Rohwer, 2011). o |ota is C u constituted by the microbial
associates that live in and id e m!f y and the genes they encode are

known as our m| T | dlve e cuI contalns taxa from across the tree life,

-——.

3

bacteria, euk ot irusessand F&st rchaeon that interact with one another and

with the se rc ? es has been explicitly observed, where the

compl onshlp betwee an, S GM members and their association with hosts is

bew to be revealed; |n\3t|nal eukaryotes are associated with particular GM

N

nities (Leung et al., 2018).
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In the past years, new technology has allowed researchers to phylogenetically

identify or quantify the components of the gut microbiota by analysing nucle?ﬁs

(DNA and RNA) directly extracted from stools. The majority of these ap@x are

based on DNA extraction and 16S ribosomal RNA gene (rRN lification
(Poretsky et al., 2014; Rosselli et al., 2016). 16 The sequencing of rmas been the
most effective tool for illustrating microbiome complexity and EW]ce. Polymerase
chain reaction (PCR) and metagenomics sequencing ¢ e sed'to classify the
microbial strains in the 16S rRNA gene sequences (Nelsomet a

O

N4
Fe
In fact, due to its ability to either poorly or serve the ost, |ch%|~ a plays

an important role in human health and disease a IS0 e edt awa "forgotten

acteristiCs such as great

etal., 2016). \ Aj Q\‘QS-
robiotl

2.4.1 Development of

Gut mlcrob ad Ap of varie microorganism organisms, including
N
bacteria, yeas(hwwu S.eTax |c 7 bacteria are categorised by phyla, class,

order, fam%us an pswﬁes As ombardlng research is being interested in the
roblota oma Ia{ge.s\/ e, the association of traditional cultural techniques
Wl$holecular technique}based on the analysis of the small subunit ribosomal
SSU rRNA) gene sequence as phylogenetic markers made bacteria the most

Own components of gut microbiota identifying more than 1000 species. Bacteria

together with Archaea and Eukaryota constitute the three kingdoms in which life is
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classified. Bacteria are subclassified into many phyla (plural of phylum, a major
taxonomic division that contains one or more classes Just a few phyla are de

accounting for more than 160 species. The main intestinal microbial@& are
Firmicutes, Actinobacteria, Proteobacteria, Fusobacteria and VVerruco ia, with the
two phylae Firmicutes (consisting mainly of Gram-positiveWﬁridia) and
Bacteroidetes (consisting mainly of Gram-negative bacteria) ¢ M 90% of the gut
microbiota (Laterza et al., 2016; Marchesi et al., 2016). Q%r?ni'utes phylum is
composed of more than 200 different genera suc La OW‘Bacillus,

Clostridium, Enterococcus and Ruminicoccus with tridium ge a[e@nting

95% of the Firmicutes phyla. Bacteroidetes ist of %' t geqeg' such as
Bacteroides and Prevotella. The Actinobactegia p Iurrbi\s progortio ess abundant

and mainly represented by the Biw ium gen ru@m et al., 2011;

Rinninella et al., 2019). cq >\YT c;\(\

& &
There are three stages N ositiorw%jigut &?@Dbiota in human life: from
r

N
birth to weaning, from earw obt{ning nl @et; and finally, during old age.
Generally, the microbiota }verw ses C},the time between childhood and

adulthood and de@ t u@(over@(mnninella et al., 2019). At birth, the
N
intestine is st(m deévoid o }der'a_gﬁ(fter birth, a rich and dynamic ecosystem

develops f%ﬂ:ro |o“9n' at.ig@éries according to the type of delivery. Recent
% ho!

literature observed e gr\,é?flaginally delivered infants are characterized by
pr@nt groups such as Bﬁ'ci{d%bacterium longum and Bifidobacterium catenulatum
@red to Caeseran born babies. Moreover, babies who were solely breastfed until
Oaning were observed to have a more stable and less diverse bacterial community with

higher proportions of bifidobacteria than babies fed formula milk (Aggarwal et al.,
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2023; Rinninella et al., 2019). Specifically, the genus Bifidobacterium is typically a

dominant microbial taxon during the first six months after birth (Mancabell?k,

2020). @

Moreover, the diversity of children’s gut microbiota is dominat?ékke rmansia
muciniphila, Bacteroides, Veillonella, Clostridium coccoides d Clostridium

botulinum spp. before the formation of a relatively stable uthta composition.

Then, the gut microbiota in children at approximately, uér?xlmllar to
those of adults which has a stable adult microbiotagcomposition domi eo’m@hree
(,)

bacterial phyla; Firmicutes, Bacteroidetes and A acterifl. (Amabebe e{?‘., 2020;

}negi , en ilvqn ent, diet,

rning older people over

Derrien et al., 2019). These results are influeRed b

lifestyle and gut physiology (Tidjani Aloﬁs 201

the age of 70, the gut microbiota COM tenti

hanges due to the dietary

profile and immune system. The |eh also e acg‘ﬁ)saethe immune system.
_ "y L
The decrease of promlnent ens |k otella, Faecalibacterium,
\

Eubacterium rectale, Lach p| a, Copro lus the health-associated genus
Bifidobacterium characterlz these bfo mﬁ ted alterations (Ghosh et al., 2022).
Particularly, a Io \I ) |f|do cterl and higher levels of Clostridium and

Proteobacterl ee obser %l (lée( people which has been associated with

2022; Odamaki et al., 2016). Overall, the

mflammat tlon (G et
J’
compaositi the hu ﬁ't micfobiota varies with age since it plays an important

oA

roINKhU an health and is also actively involved in several biological processes as well

%

nset of disease.



2.4.2 Gut Microbiota and T2DM

Diabetes is a complex metabolic disease comprehensively influenced gtic

and environmental risks. It has been characterized by excessive hyperglySem':;, which

can result in insulin resistance or damage to the B-cells that prodﬁ;ﬂsulin in the
S

pancreas (Slouha et al., 2023). According to recent research; biosis of the gut
microbiota is a significant environmental component that a&ﬂﬁ diabetes (Que et
al., 2021). The gut microbiota of diabetic individ usuall 'asso jated with
pathogenic and opportunistic gram-negative species that can eM i@mne
system to cause infections. The shift occurs at expense‘. ofi co enQ%T_‘sD?cteria,
which are normally present in the gut and contrigute to i

2023). Moreover, metabolites and compo@ gu

various diseases specifically in T2DM patients which i

in T2DM including SCFAs, bile ati :bDnct}?a%ﬂpa
L

ealth (Qrudele et al.,
ta af ﬁe progress of

S t_@portant regulators
A

e d

ing-aeid (BCA As), imidazole
) %

-
propionate and Iipopolysacclﬁq'\ PS) (il hana@al., 2021). Therefore, an

N
imbalance in the gut mi ob&sﬂch as’jecre ld (6 eased levels of certain bacteria
res a

can influence immune responses (LPS; L4313, TNF-a) which contributes to the

development of T, mmac'uh et alg 2022; hou et al., 2022).
N
I

\ :
Chan sg@e compasitien Gf @ut microbiota in patients with T2DM have
been st%li

co ion using 16S rDN c%rﬂencing technology among T2DM participants and

NN
receh ? Tab@.S shows a list of studies of gut microbiota

etic (NonDM) groups. An early metagenomic study conducted by Larsen et
2010) observed that T2DM was associated with dysbiosis, with enrichment in the

G
roteobacteria phylum and the alteration occurred in the proportion of Firmicutes and
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Bacteroidetes phyla. Moreover, several studies reported, patients with T2DM had a
disorder level of short-chain fatty acid, bile acids and lipids as well as a higher ?NT
Proteobacteria and a higher proportion of Firmicutes and Bacteroidetes (Jidji g et
al., 2020; L. Zhao et al., 2019). These specific changes of butyrate-pr&iqg bacteria

have been related to insulin resistance in T2DM patients (Doumatey QI., 2020).

Y
In the healthy individuals, the beneficial bacteria IikWobacterium were
significantly more abundant compared to the patients Q DM \Lever there was
no significant difference between the groups in the level o Mﬁ@nd
Prevotella (Sedighi et al., 2017). Interestingly?%b-Mo hada ang ‘%'gl'l?}agues
I decga\s%’in patients

(2017) found out Faecalibacterium prausnitzii was sig
gnifi@gn |

ban proportions could
A

S
-

:-

y compared to

4]

Overall, dysbiosis co@ 0(1 In 2DI\/I§ ents with an increase in the
pathogenic bacteria an% ase in“ eb eﬂ'cia@cteria. However, the changes in

5 &
gut composition arg“ngt full)lﬁsod as t‘hgycould influenced by several factors

like modern lifestyle, 'med iet, pb te colonisation and diseases. Therefore,

[
¢

it is critica wract rise_t ﬁte@ environment as an ecosystem in which
"
biologi ioch erac[‘ich occur at several organisational levels between

g

parqﬁknicrobial communiﬁ{s}dnd host immune responses (Beyhan & Yildiz, 2023;

Nkj, 2016). By understanding the specific gut changes in T2DM, a better

saent could be addressed involving a complex interaction of parasites in the host.
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Table 2.5: Gut Composition in T2DM and NonDM in clinical studies us@s rDNA sequencing

No Study Study Sample size (N) Change in abundance of gut composition AJ References
design location
AV ad
T2DM HC T2DM HEalthy control/NonDM
1. Case Denmark 18 18 e INC in p. Proteobacteria (c. INC in p. Firmicutes (c. (Larsen et
control Betaproteobacteria), p. Bacteroi Clostridia and al., 2010)
(9. Bacteroides) and p. Firmic \Iaysmelotrlchl)
Bacilli & g. Lactobacillus) @
e DEC in p. Firmicutes (o. é I_\‘—}
Clostridiales) X
\ <«
2. Case Iran 18 18 e INC inc. Lactobacill iy NC in c. Bifidobacterium (Sedighi et
control &\, @ ,_i:éq al., 2017)
3 Case Iran 18 18 e DEC in Faecalibact wﬁii *u INC in Bacteroides fragilis ~ (Navab-
control (,) s L Moghadam
0« Y QC_} etal., 2017)
4 Case Sudan 24 24 e INCinp.Fi tes uha‘g? e INC in Firmicutes (g. (Almugadam
control Cateniba a & Faecalibacterium & et al., 2020)
g. Par s) g.Dialister)
. INC |n no o‘t (g‘g, e INC in p. Proteobacteria, p.
terlu b Verrucomicrobia (g.
. ctéria {0 Succinivibrio) & p.
S0 acte ‘nl) c__g-/ Elusimicobia
2 O
5. Case Poland 23 23 yrrﬁl ités (g. e INC in p. Firmicutes (f. (Salamon et
control Rumin dEus)Y' Clostridiaceae, f. al., 2018)

go

INC in p. Pr@eobacterla (f.
Enterobacteriaceae)

Lachnospiraceae, f.
Peptostreptococcaceae
g.Anaerostipes, & Q.
Roseburia)

N
S
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o | |R; Bacteroidetes (f.
acteriaceae & g.
% roides)

e

Bacteroidetes

Case China 134 37 e INC in p. Firmicutes (g. o' INC in p. Firmicutes (g. (Jiajia Wang
control Faecalibacterium & g. Lactobacillus)\) Roseburia) etal., 2020)
e INC in p. Proteobacteria (g. Y‘ INC in p. Bacteroidetes (g.
Escherichia-Shigella) | Prevotella)
e INC in Actinobacteria (g.
Bifidobacterium) \d' \y-
1.5
Case China 137 139 e INC in Proteobacteria (g. 2 INE in g. Bacteroidetes (9. (X. Zhao et
control Escherichia-Shigella, g. Y' .77 bdcteroides & g. Prevotella  al., 2020)
Verrucomicrobia & ﬁl@ ieltﬁ) qé
e INCinp. Firmicugﬁ{o &
(Lachnospiraceae_i rtaeﬁsz i O
Subdoligranulu teroc ,(\
o~V S
Case  Nigeria 98 193 e DEC in p. Firmicutes SZ}' e INC Firmicutes, (Doumatey
control Clostridi ndlg® N Actinobacteria, and et al., 2020)
ﬁcoc 3

INC in Collinsella,
Ruminococcus lactaris,
Anaerostipes & Clostridium

Peptostre Ccus)
INC irﬁ%ote%ﬁxzrlé},0 .

IR

p, Phylum; ¢, Class; f, Family; o, Order; g, Genus; sp.,

A\
\
N

&

sa@‘b?j;éj’\
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2.4.3 Association of Blastocystis in the gut microbiota composition

Blastocystis is an intestinal parasite that can be commensal or ogic,
tocysti

depending on the subtypes. It is postulated that different subtypes of Bl S may
colonise in different niches, indicating a diverse potential associa'?with specific
human gut microbiome (Tito et al., 2019). Recent studies demons@ at Blastocystis

infection may be associated with changes in the abund ceYBﬁth beneficial and

pathogenic intestinal bacteria. Blastocystis can contrib improving gut microbiota

ition quapti atﬂlelzz‘and
Ca)

qualitatively resulting in microbial imbalan ysbiosi}). Th assqsétlon of

N sted in %Ie 2.6.
é\‘?"

as @ associated with

Generally, Blastocystis is a comakaryote
k{\ﬁversity and bacterial

beneficial bacteria that promote a h% gut env\mvng'lt.
-:h"" y N,

species composition of the mi of ﬂealth individuals differs from those of

balance (eubiosis) and also modulating the gutgcomp

Blastocystis subtypes and gut microbiota composition st

AN

&
patients with metabolic or in%ti\g diT s. An earlysmetagenomic study showed that
the enrichment of Firm evotella or mfno@cus-driven enterotype and higher
4 F &
he pr

ce of Blastocystis (Andersen et al.,

bacterial richnessbassocw

2015). There was a“high ance lostridia class, Ruminococcacea and
K ’ J (,2

ProvotellacE lies in B c>§ti infected individuals while Enterobacteriacaea

NN
iS-free pmi?nts (Audebert et al., 2016). A study on healthy

w

Idren reported that ocystis colonisation is significantly associated with

h \acterial diversity, characterised by the abundance of beneficial bacteria such as
G icutes, Elusimicrobia, Lentisphaerae, and Euryarchaeota at the phylum level.
deed, this study discovered that Roseburia sp. (family Lachnospiraceae) and
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Faecalibacterium prausnitzii (family Ruminococcaceae) were relatively more abundant
in children colonized by Blastocystis. Other study was also observed the pres?m
Blastocystis increased the proportion of Faecalibacterium spp., Ruminocoﬁasx and

Prevotella in Korean population (M.J. Kim et al., 2022).

Furthermore, Blastocystis subtypes were strongly linked totgut composition with

higher explanatory power in a non-clinical cohort and weWciated with both

Blastocystis prevalence and subtype variation (Ti al., Z(Q'E)fpite this

association, ST3 and ST4 differed significantly withgST4 being more pre aIﬁnQU'the
C;)

l

most diverse Ruminococcaceae entrotyped amon stocystis carriers. ST@S found

}CHQ revo e@énterotype,

anobrevibacter relative

e

to be more frequent than ST3 in Ruminococcaceag com

o

whilst ST4 was shown to be positively @@t(e

abundances. The high richness anmrot e di
Blastocystis carriers which indica%chEh Iagﬂ%@s re
enein

uti nQ/ere observed in
'%in stable, resilient and

]
health-associated microbiota GQ\ ing on subtype I (M. J. Kim et al., 2022;

N
Tito et al., 2019). MorEveWrielli et al. IOESJEO discovered that Blastocystis

ST3 carriers were associated wﬁ r%@grial diversity which enriched in

Prevotella, Met@iba@ Rurr@occus while a high proportion of
N
Bacteroides v@Md in Blast )?lis-t;%Jsubjects. Interestingly, the enrichment of

Akkerman s belongingto\Ver

’
associ:&h Blasto stiQ' S{}R’énd positively correlated with ST4 suggesting
entl

di

microbia phylum was observed to be inversely

"%

5
associations betw@h subtypes and host health. This study suggested that
%uld be linked to markers of healthy gut microbiota such as Akkermansia (Tito et

0 2019). In a previous Korean study, a higher prevalence of Blastocystis ST3 was

reported. The study found that the relative abundance of Akkermansia (>2%) was
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greater in the Blastocystis-negative group compared to the Blastocystis-positive group
although no significant difference was observed in ST3 (M. J. Kim et al., ZOZZW
experimental study, the proportion of Akkermansia increased in mice @d by
Blastocystis ST1. This colonisation exerted beneficial effects on ﬂNealth by
modulating the gut microbiota (Deng et al., 2023). Thus, these recentifindings convey
that Akkermansia is a part of a beneficial member of gastroin sMacteria and may

interact with Blastocystis subtypes to promote a healthy g type

However, dysbiosis of the gut microbiota may be assoCiated wit 'pr?asP\m of

(.;)
Blastocystis which can cause a variety of diseas uding Jga roi stin@isorders
with an unknown mechanism. Dysbiosis, also kWn'as W nce nq?r’obiome, IS

marked by pathobiont development, comr@% SS, Qc'he ed diversity, which may

be associated with the aetiology ofhrous@ (Le_@t al., 2017). The
composition of gut microbiota altér under sofe ' cir Umstances such as acute
h

diarrhoea, antibiotic treatmen&&

d %
ologi tress, nlqid'em diet and hygiene. These
N
changes are typically characterised by} dec ale i "@terial diversity, a reduction in
Clostridia abundance and incr% cuftafi}/p anaerobic Gammaproteobacteria

such as Enteroba@e wrelak & I\@% 2004; Bernstein & Shanahan, 2008;
N

Winter & Bau%},\eom De?z}il., e(f?d).

&

AgCording to a’s Nagé\et al., (2016), it was reported that there was a
chache faecal microbio@ﬁe dominant phyla with an increase in Firmicutes
a%\wuced significantly in Bacteroidetes in diarrhoea-predominant IBS patients than
ealthy subjects. The Firmicutes/Bacteroidetes (F/B) ratio is commonly considered to

Qve an essential influence in sustaining normal intestinal homeostasis and the change
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of the ratio can lead to dysbiosis. However, there is no significant difference in
Blastocystis carriage seen in the phyla or genus level of the gut microbiota amo?‘m
patients. Moreover, another study found out Blastocystis colonisation W(%Mated
with significant changes in bacterial alpha and beta diversity, w hlAgﬂflcantly
showed a difference in the abundances of predominant bacterlm including
Prevotella stercorea, Prevotella copri, Alistipes putredinis, Rumif@ccoccus bromii,
Bacteroides species, Oscillospira species and Bifidobact ngu"n Surprisingly,
Blastocystis ST3 was shown to be the most signi tly ffe bacterial

community abundance between Blastocystis positive egative indi dLIali@’eves-

S
cﬂyg[l nvolved a rare

tnl{ d pathology to the

host’s tissue. A study using Wist ep r atith re &a significantly greater
% g Y9

change in bacterial richness m.{ ically C ratAﬁSV 10° ST4 cysts, which was
observed in increasing r. atlwmndan}e of er and Proteobacteria in infected
animals by Blastocystls T decr rﬂ S, Bactermdetes Clostridium with

increasing Oscnl |ra re n|f|c tIy c ra'ated with colonic hypersensitivity. A

Ramirez et al., 2018).

Several in vivo rodent experlments v the

subtype ST7 and the common ST4 dlspla merl\nﬂ

decrease in th Vv I content o FdA e faeces composition of infected rats was

observed ( et I " 02 S&f’e important metabolites in the maintenance of

intestinal osta5|st te hané?'eplthellal barrier function and immune tolerance
?;\

an een produced dom%ntly by Bacteoidetes (gram-negative) and Firmicutes

% ositive) in the human gut (Rooks & Garrett, 2016; Venegas et al., 2019).

S
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In addition, the association between the presence of Blastocystis and Clostridium
difficile infection in diarrhoeic patients has been reported by Vega and col?!s
(2020), indicating a reduction in beneficial bacteria while increasing the @ce of
bacteria belonging to the Enterobacteriacea family or other gro bacteria
pathogens. It has been suggested that Blastocystis may be able to adap ysbiosis and

oxidative stress (Vega et al., 2020). Nourrisson and colleagugEMEZ suggested that
a

Blastocystis might be correlated to the pathophysiology n1 intestinal flora

imbalance since the result showed a reduction of benefieial ba erwstocystis-
'Y

easibility h‘se_é}terial

ea% I dis@zﬁances in

_ o

or m‘pac n sev nflammatory

cases in clinical diseases. \% \i -\6
isati

Overall,gutmicrobiotastu%%im& co @T;o Blastocystis subtypes
p

“« Q-
would influence gut microbi& osit ich iiﬁmked with a eubiotic gut
N

characterised by beneficial bagteria and also lIe ysbiosis state.
, 4 ¢ &
N8 @)

positive patients with IBS. Overall, the changes in

species may be caused by Blastocystis subtype

the intestinal composition which would ha
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Table 2.6: Studies on Association of Blastocystis Colonisation in Gut Composi&%fected in Humans and Mices

4
No Subtype Gut microbiota composition shift * e Status References
V~
1 Blastocystis INC bacterial richness in immunocompetent compared to immuno mised Eubiosis (Gabrielli et al., 2020)
(ST1-4,7) patients. Y—.
INC in Firmicutes, Bacteroidetes and Proteobacteria (Phylum
INC Bacteroida(Class) in Blastocystis free subjects. '
INC in Prevotellaceae, Methanobacteriaceae, Clostridiaceae®ach sMe,
Erysipelotrichaceae and Pasteurellaceae (Family). \V'
DEC in Bacteroidaceae and Veillonecel (Family). A{ I -‘b
INC in Prevotella, Methanobrevibacter, Ruminococ us) ih Bl OCQ’RS'carrier;
INC in Bacteroides (Genus) in free Blastocystis \ {\y-
2 Blastocystis & Eubiosis (Kodio et al., 2019)

INC bacterial diversity in Blastocystis carrie thy chi
INC in Firmicutes, Elusimicrobia, Lentisphaer uryarchaeota, a
IHU_PP_Bacteria (Phylum) in Blastocysti@giier; | in g\jeria,
Proteobacteria, unassigned bacteria, and Dein occus—THher uq&? ylum) in free
Blastocystis. % LI

INC of Clostridia, IHU_PC_PC_Bact?ﬁg | si%ja, LénQﬁsphaeria,
Metanobacteria, and Deltaproteobacteri (C}ss) i Ias@/stis carrier; INC
Planctomycetacia, Rubrobacte ococal, G mrha@teobacteria,

Actinobacteria, unassigned bacteriaand Baéili«Cldss).in free Blastocystis
i i thanobacteriales,

INC Clostridiales, IHU_PO eria }/l lales
Elusimicrobiales, Aeromo es, ami oco% s, and Desulfovibrionales in
Blastocystis carrier (Or MI in P mycétales, Rhodobacterales,

?‘e@c |

Sphingomonadales, Ru terales, VEillonelTales, Pasteurellales, Micrococcales,
Pseudonocardiales, acterjale e>$€!£cales, Bifidobacteriales, unassigned
bacteria, and Lact illales (O ‘bn free.Blastocystis.

INC Clostridiacea inococcaceae Lachnospiraceae in Blastocystis carrier
(Family); INC i ptococcaceae, Bifidobacteriaceae, Enterobacteriaceaeand

Leuconostoc free Blastocystis.
INCinR m%cus and Clostridium (Genus) in Blastocystis carrier; INC
Strept(@ ifidobacterium and Shigella (Genus) in free Blastocystis.
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Blastocystis
(ST1-8)

Blastocystis
(ST2-ST3)

Blastocystis
(ST1-4,7,8)

Blastocystis

INC in Clostridium saudii, Methanobrevibacter smithii, Faecalibacterium pro,{thii,

Roseburia sp. (Species) in Blastocystis carrier; INC Streptococcus sp., (‘)
Bifidobacterium sp., Shigella sp. (Species) in free Blastocystis.

There were no significant differences between the IBS-Blastocystis po vIBS-
Blastocystis negative, healthy control-Blastocystis positive and healthy control-

Blastocyctis negative.

INC in Firmicutes (Phylum) in the IBS group compared to healthyy¢ontrol.

INC bacterial diversity in Blastocystis positive of asympt
INC Prevotella copri, Prevotella stercorea, Ruminoccocgus br
putredinis, Bacteroides species, Bifidobacterium longum
(Species); INC Debaryomyces hansenii, Mucor muce

racemosus, and Issatchenkia terricola (Species) Y- \

DEC in Hymenolepis nana (Species).

INC bacterial diversity and richness XC:) o
DEC prevalent in Bacteroides enterotyped samp us C.in
Methanobrevibacter relative abundan ces ) %‘ \&

ST4 is more prevalent in Rumlnococc trofyped I d associated with

Akkermansia (Genus) ‘Q

ST2 was more prevalent in Rummo eaelentrot pedgmples (Genus)
ST3 inverse with Akkermansia \@&Rj
) 's
INC in Firmicutes, Bacteroid teri patients’ faecal samples

S and P
(Phylum) 'Sg Q}
INC in Clostridia and Mo&u#é in ?drgm nts (Class); DEC in Bacilli (Class)
INC in Clostridiales, Er trichdle rlb eriales (Order). DEC in
Lactobacillales, Bact s (Order,
INC in Rummococ%o and,P IIace@(Famlly) INC Enterococcaceae,
Streptococcaceae; acillaceae and Eﬁ'erobacterlaceae (Family) in free-
Blastocystis A \C')
INC in Prevé cetanaerobacterium, Acetivibrio, Coprococcus, Hespellia,

/

Oscillibac illibacter, Sporobacter, Ruminococcus, Roseburia and
Faecalib (Genus).

Dybiosis

Dybiosis

Eubiosis

Eubiosis

(Nagel et al., 2016)

(Nieves-Ramirez et
al., 2018)

(Tito, et al., 2019)

(Audebert et al.,
2016)
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10

11

12

13

14

15

16

Blastocystis ST 7
Blastocystis ST4

Blastocystis

Blastocystis
(ST1-4, ST6)
Blastocystis

Blastocystis
(ST1-ST5)

Blastocystis

Blastocystis

Blastocystis

(ST1-ST5, ST7)

DEC in Lactobacillus and Bifidobacterium in infected mice.
INC bacterial richness in chronically infected rats.
INC in Proteobacteria and Tenericutes in infected animals (Phylum).

DEC in Firmicutes, Bacteroideted, Clostridium, Pseudomonas and R Wane

(Genus); INC Anaerovorax, Oscillospira and Parabactermdes(Ge

There is a significant association between the presence of Bla to
Clostridiodes difficile infection.

INC bacterial richness, Blastocystis mainly presence in | ot
o
and Ruminococcus enterotypes (Genus) __\t)

INC in Prevotella; DEC of Bacteroides and Clostridi I cluster X1 enus)™

N

leptum and F. prausnitzii (Species)

INC in Bacteroides sp. in IBS-C; DEC in Blfld(e?)ﬁﬁum ;b ulfggalo sp., C.

Firmicutes and Bacteriodetes were enric
enriched in non-carriers (Phylum).
Prevotella, Faecalibacterium, Flavonﬂhg
Oscillibacter among others were en in
Klebsiella, and Pseudomonas hed
.’

i’*

o

There was no significant dme m asto 44|/s free and blastocystis-
colonised children in the ¢ sition-af thefmic r | community.

INC in Firmicutes (Phyl |

INC in Bacteroidetes )%Blas cy'st -f e individuals.

INC in Proteobacteri Blastoc
Higher prevalenceé{i toc Jin

Firmicutes/ Bactereideted ratio (F/B ragrg) is high in UNEME cohort subjects.

S A
I @eobacterlawere

Qﬁi@iu .Sutcinivibrio, and
iarrl wh@scherlchla Bacteroides,

no obr&’@s among others (genus).

Dybiosis
Dybiosis

Dybiosis

Eubiosis

Eubiosis

Dybiosis

Eubiosis

Eubiosis

Eubiosis

(Yason et al., 2019)
(Defaye et al., 2020)

(Vega et al., 2020)

(Andersen et al.,
2015)

(O’Brien Andersen et
al., 2016)

(Nourrisson et al.,
2014)

(Christen Rune
Stensvold et al.,
2022)

(Castafieda et al.,
2020)

(Yafez et al., 2021)
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17  Blastocystis e INC inc. Clostridia, f. Ruminococcaceae, g. Faecalibacterium, Faecalibacteq'&S;p. Eubiosis (M. J. Kim et al.,
Bifidobacterium sp. g. Prevotella 9, Ruminococcaceae UCG-002, Ruminoc@g ae 2022)
UCG-005, Muribaculaceae, Rikenellaceae, Acidaminococcaceae,
Phascolarctobacterium in Blastocystis positive group
e INC c. Bacilli, Bacteroides, Lactobacillales, Enterococcus species in cystis

negative group V

p, Phylum; ¢, Class; f, Family; o, Order; g, Genus; sp, Species; INC; increase; DEC: decrease T
‘é NY.
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2.4.4 Next-Generation Sequencing (NGS), 16S rDNA Sequencing

Next-Gene Sequencing (NGS) is a powerful and high-throughput technelogythat

has revolutionized genomic research. Due to its high throughput ability and

.)32

affordability, next-generation sequencing (NGS) has emerged a al tool for

1

researchers in a wide range of fields, from clinical diagnostics to"basic biology

&

(Goodwin et al., 2016). As gut microbiome has been correl edWany diseases such
as diabetes and others (Salamon et al., 2021), more findings and w.c?ization of

microbes have increased dramatically in recent years due to advanc 'nt§ 'QNGS

technology. This is because NGS approaches d depenci. on co entio&'_é*culture

techniques, making them capable of detecting ungulture \ronQ S anS @ue species
&

(Wensel et al., 2022). \(ﬂ\, \
Amplicon-based NGS of the wosoma&«gR A@\ene is the most widely

N,
used method of taxonomic %ation‘.\ Thep prok @c 16S rRNA gene is
approximately 1500 bp Ior@as T rve and@rvariable nine regions (V1-
evph

V9), which are used% p ylog neti S'Iés@ation of genera and in diverse

Dueég./the limitation of short-read NGS

populations (Bei et al.

i 'rs tar@ﬁg the partial sequences in hypervariable
regions suc 1-V2, V1-V3, {/3@‘27 V4 and others have been developed for
Q NN
microbi lysis#(Fri 'get aI‘.&JlQ). However, the choice of optimal variable
Yv

regiﬂq%y differ based on th G@Aysis target, the primer’s specificity, the GC contents

i \Mosen region and the bacterial compositions of different samples (Kameoka et

technologies, vaglous tniver
¢

1.,2021). Recently, NGS sequencing of the entire 16S rRNA gene has emerged, and

dvanced analytical methods are being used to propose a species and strain resolution
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in microbiota communities.(J. S. Johnson et al., 2019). Since 2011, most laboratories
have employed Illumina NGS technology, particularly the MiSeq system (San?gu,
USA), which allows for the accurate evaluation of relatively shor@s -end

sequencing reads, providing for a thorough examination of chang icrobiota

composition. (Salamon et al., 2022). Q

Besides, several bioinformatics tools have been dev, Iothhe last decade to

analyse the 16S rRNA sequencing data, with a majority, ns@ree main
steps, including data preprocessing and quality coatrol, taxongmic s'gnm@'and
? t.)

community characterisation (Y. X. Liu et al., 202 aken together, the ad\éﬁ:ements

alua Ie%ights from

ure S promises to

on_{ de range of fields,

D

r@w and others (Satam et

al., 2023). Y\' , ¥§%

25 Conclusior&\ Q
N O
This chapt&%@/ved e tirﬁ I'Qe}r ture related to Blastocystis prevalence in

NN
individ% Type2.Diabetes Mﬁl}us (T2DM) associated with gut microbiota. This
L 9
revi marized the availal h}?ﬁdings that could help in identifying any gaps in the

c \understanding, especially in the Malaysian population. Thus, the expected

n
G ts in this study could be evaluated based on the recent findings.
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