CHAPTER 1

N
INTRODUCTION *
Y

1.1 Introduction ‘

This chapter introduces the current study, which ai a esat\d?rentiation
of Blastocystis subtypes in type-2 diabetes mellitus patients at Universiti Ke'baqﬁs'aan

Malaysia Medical Centre in comparison to non-diabetic in}iv uals and %Iore its
C grog the study,
on, research objectives,

g{]@ptual framework,

association with gut microbiota. This chapter coEistS

problem statement, justification of the s@) sear

hypotheses, significance of the study,\olp:e&f

operational definition, and concluSiep. Py
7]
é So
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1.2 Background of % 2
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The epiderr@bet slis one’of th jor concerns for public health globally

N
that has reached ir7 level yu'rerﬂg'/lt is expected that 700 million adults aged

20-79 (@?the’ p puI?w @Sﬁave diabetes by 2045 (Saeedi et al., 2019).
0

Furthﬂ t has been stir{at@t about 90% of the 425 million people living with

(.)
d: es worldwide are from\Wpe 2 diabetes. The prevalence is growing rapidly,

Sy
7

Ily in Asian countries, with about 60% of diabetes patients worldwide currently

Ong in Asia. Moreover, the estimated prevalence of diabetes has increased from



11.6% in 2006 to 17.5% in 2015 and it is estimated that over 3.5 million adults in
Malaysia are living with diabetes (NIH, 2019). Among Asian countries, Mala\?ms
one of the highest comparative prevalences of type 2 diabetes with other ngi ring

countries such as Singapore (12.8%), Indonesia (6.2%) and Tﬁ!&d (8.0%)

(International Diabetes Federation, 2015). ?
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ctorial metabolic
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Type 2 diabetes mellitus (T2DM) is a complex and

4

syndrome that is characterised by hyperglycaemia, lipi

resistance in

the impaired insulin secretion from B-C@'&lnc atic i

S, i
peripheral tissues, decreased glucose utl tion\f era_kggue and abnormal

hepatic glucose production (Ref;r%&asﬁ,%y he re A

o

}g)me of lipopolysaccharide

9 %

(LPS) from Gram-negative N{ in t ut” follo by its passage into the
N

bloodstream, induces inflammations tr}t Iea?tl ig resistance in T2DM (Galicia-

Garcia et al., 2020; Raetz & Whitfi Bf Based on previous studies, infectious

iel
pressure by para&\a&) po@ be a @ifier of insulin resistance that would
N
facilitate the eh!ome t of in Fﬁn diseases including T2DM (Molan et al.,

2020; Sae@kaubai i, 2020 Ta.zéa(y et al., 2015). With these shreds of evidence,
Shefirs
[

parasi ions become o‘ge of the main concerns that might affect T2DM patients,

paw in gut health.
Q Moreover, insufficient sanitation, lack of access to safe water and other facilities
ad to contamination of food and water sources which in turn sustains the life cycle of

2
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parasites particularly in developing countries. There are two main types of gastro-
intestinal parasites; protozoans and helminths (Siddiqui, 2017; Sinha et al. W
Interestingly, some parasites play an important role in triggering diseas \cmc
groups such as immunocompromised individuals and young children eVAQcountrles
that have adequate sanitation conditions and education. Certainly, intgstinal parasites

are part of the important cause of morbidity and mortality (Qll et al; 2013). As has
e keI

been observed in previous studies, diabetic patients were to get parasitic

infections as compared to non-diabetic people primarily to Wegulatlon

eloping co rle]s@tlous
U|IK£I (Tal1\$§ry etal.,

2015). However, it is not clear whether siti infew{ion an m@se the risk of

diabetes or diabetes can lead to an inc&' k of parasiti nfe@ (Moudgil et al.,

2019). Thus, the role of intestinal tes in t\tw lo '\bof human disease in

N,
immunocompromised |nd|V|du%een e%tabll ed (Siddiqui, 2017).

Blastocystis, an aerwc'proto} lam he most frequently observed

intestinal parasites in huma . It has b’e tuﬁas’;@ that the number of infections from

age, metabolic control and long-term complications. |

pressure might be one of the particular modifie

this parasite has m rlz than?1 billi U% worldwide (Andersen, 2016; Ozkan-
Ahmetoglu e 1 3) urren ’lhe e%?ocystis route of transmission is linked to
environm ta | h or animal faecal directly via hand or mouth
or indikeC rough t estloh"{bf contaminated food or water (Castafieda et al.,

2 Pe aetal., 2020). It had\B'een remarkable to have up to 40 subtypes of genetically
stralns by analysis of the ribosomal RNA gene (SSU rDNA) to colonize a range

ohosts including humans and animals (Darwish et al., 2023; Maloney et al., 2023;

Maloney & Santin, 2021; Matovelle et al., 2022; Santin, 2024). Since there are 14
3



subtypes found in humans including those with and without intestinal disorders, ST1-
ST4 account for 90-95% of human carriage with ST3 and ST1 have been obse?ﬂo
be the most common subtypes (Cristanziano et al., 2019; Khaled et al., 2020; ney

etal., 2023; C. R. Stensvold & Clark, 2016; Yoshikawa et al., 2004). -\

Despite its description approximately 100 years ago, still,q@?information
is available regarding their commensal or pathogenesis, enWersity, host range
and available treatment options, especially in diabetes al epidemiology (Perea et
al., 2020; Roberts et al., 2014). Until now, there is stilkheavy deba :n\?ﬁéqg\mesis

of Blastocystis as most infections are asympto even i1} it Seerms to l{g_{me only

explanation for other symptoms in other casg (Ren N ilton ?Eél., 2019).

ome4'2 althy humans,

ut ﬁgng any symptoms

tis@)’a&y enhance the diversity

9 %
of gut microbiota in healthy4indivi uals,’LNsr;illy &‘Venting intestinal disorders

N
(Billy et al., 2021; Kodi et?ﬁlQ). ’n rec tlde , several epidemiology studies
have shown in vitro evidea in anifm déléfpd humans strongly suggesting the
pathogenic of thisyparasite ula to a’quite prevalence of Blastocystis in the human

N
population. F@Q not all str 'rl;'of cific subtype are clinically relevant, and
there ma Qﬂorrela n biol gi@"oetween the different subtypes such as drug
’
e se

resista une resp Y pathogeénicity and effects on gut microbiota (Ajjampur &

S

T 016; Karamati et al., 20%, Yason et al., 2019).

Pe

QE Undeniably, the presence of this parasite has been linked to various
a

strointestinal symptoms and signs such as diarrhoea, abdominal pain, vomiting,

4



constipation and flatulence (Gabrielli et al., 2020; Perea et al., 2020; Tan, 2008).
Accumulating from recent studies, it was indicated that it may play a significan

several chronic diseases with unknown causes including irritable bow@ome
(IBS), cancer and diabetes mellitus (Beiromvand et al., 2017; de MéAQaI., 2021;

Mdlayim et al., 2021). Most of the studies have revealed ST3 to be thé most frequent

B

subtype detected in symptomatic patients followed by ST1 and, ETZ Istanziano et al.,

l

2019; Jeremiah & Parija, 2013).

Several studies reported the prevalence of intestinal parasites in t
was higher than in the non-diabetic group with a ue <0.0‘§

one of the highest detected parasites (Ali et al.}

diabetes mellitus than in healthy Eie& (%0\!%’ a Qg)ﬂ% Fattahi Bafghi et al.,
P

[7 Q—
i ana%&sr and BLAST searches also

2015; Mohtashamipour et al., hylo

N
revealed six subtypes oWstoc*t' i Ilteb e diabetic group which were
represented by ST1, ST2, S}, ST, GRS ‘8. Blastocystis ST3 and ST1 were the

most prevalent SM ete t!d in the dia group compared to other subtypes (de
N

Melo et al., Z(Emlru etal., 2‘95 ding to de Melo et al. (2021), Blastocystis

18S aIIeIe%wed for ea S d particular alleles in patients with diabetes
’
mellitus s s alleles and{Z,(\SSZ), allele 37 (ST3) and allele 122 (ST6). It is noted
&

a%p sence of particular aheles in diabetic patients should be linked to the clinical

S&

th

tion where it is still unclear.



T2DM has recently shifted from a metabolic disorder to an inflammatory
disorder, as the effects of pro and anti-inflammatory cytokines such as tumour n i
factor alpha (TNF), interleukin-6 (IL6), and C-reactive protein (CRP@been
reported in insulin signalling pathways, cross-linking and ultimately d ing insulin
resistance in pancreatic B-cells, which increases the risk of T2DM (E&?et al., 2020;
Hameed et al., 2015). Stability among these pro and anti-in aMry cytokines is
necessary to make B-cells immune to any infection that %:'IFDM (Belfki et
al., 2012). Interestingly, in vitro and animal studies have Shown t tw protozoa

X
such as Blastocystis trigger TNF- o promoting @mmat ry p(’n@t the

mechanism is not known where favouring cha he baeteri mpq&?’an of the

A stl@ggnducted by
ing@mmune response

gut microbiota (Nourrisson et al., 2021; Zavala al.p‘201

(Yousif, 2021) demonstrated that Blawaﬁects sti
by increasing the level of IL-6, % IgG a\lgM
gastrointestinal disorders comp% isareg t is relevant to know the
association between T2DM dﬁﬂstof In ctiog@to the possibility of immune
dysfunction in diabete tZ'n parasitic i ec{io@ccur more frequently in patients
4 ’ &
with diabetes melli %n non[ abetics. é./
& N
In addite' NI stotystis h 'ﬂeertéidgested to modulate the gut microbiome.

Recently, Q\bmlcro iota(GM) (tfeen intensely studied over the past few years
’
% eloﬁ'

menfal"aspects of the immune system and the disturbance

for itsdpv entind
S
ca% autoinflammatoryahorders (Round & Mazmanian, 2009). It is known that

%crobial communities include protozoa, fungi, bacteria and viruses, which share

0 same environment and live in close relationships. Numerous studies in healthy

humans found that specific bacteria are favourable for immune system development and
6

tj@\iies in patients with
N




function and that the immune system can impact the composition or function of gut

microbiota, all of which are related to inflammation, which could lead to the occ

e |

of several chronic diseases such as inflammatory bowel disease, type-2 (@} and
atherosclerotic cardiovascular disease (Deng et al., 2021). In type-2 di (T2DM),
insulin resistance does not solely result from being overweight le involves a
complex interplay of multiple factors such as gut ecosyste zmmune response
which might be potentially influenced by the pathogenesi r&SA ,(Almugadam et
al., 2020). The recent studies demonstrated that the divegsity o nglota had

significantly declined in T2DM compared to healt ntrol

ients E@Eoiiated with gut

f e@ence suggest that
_\\ gg

Navab-Moghadam et al., 2017).

However, the infection of Blastoc%\/dla ti

microbiota is not completely disc ovhﬁev I pi
Blastocystis modulates gut micro pas st dy@)&m analysis of microbial

)
communities in healthy ind|v r those d by;ﬁﬂestmal disorders evidenced

three main microbiota patte me{ ente t){p@aracterlzed by three dominant
aies

bacteria clusters: Bacter Q pe’ Qy Prevotella (enterotype 1I) or

Ruminococcus (e ot eI |(Aru ugam(Q , 2011; Gabrielli et al., 2020). The

recentNGSs CI edBlasto stl ahlgher diversity of gut microbiota, low
Body Mas (B 1) andgn roﬁ( I1 and 111. Furthermore, Blastocystis was also

&Y

po\ beneficial species, %*onglng mainly to the phyla Firmicutes and Bacteroides

linke r blotlc state vﬂ%ere‘lf’has been characterized by a preponderance of

(lebba et al., 2016).



Nevertheless, their interactions may also result in altered microbiota composition
referred to as dysbiosis, however, it remains poorly understood (Kodio et al.,
Remarkably, Blastocystis is commonly detected in the gut of asymptomati and
it has been shown that colonisation is stable over 6-10 years (Scanl tensvold,
2013). A study showed a direct association between Blastocystis anWysbiosis in
the absence of gastrointestinal diseases or inflammation (Niev; sMez etal., 2018).
However, the majority of bacterial dysbiosis has been repo Y.

anyrealth problems

associated with Blastocystis infection. A study propose crease 0 tlve faecal

microbiota in Blastocystis colonised individua@ were | fre ntly ‘@d in
immunocompromised individuals (Piranshahi X 2 1 . y the égstocystls
colonisation may be dependent on the orga n&nﬁk\ce i isol BIaStocyStIS
like ST7 potentially lead to the im f the gu crot@‘ and induce the

expression of IL-1p and IL-6 proin atory Cc %( m.e al., 2014; Tito et al.,

5. 0
2019; Yason et al., 2019), ° 43‘9
\% ,ﬁf <
In conclusion, tr%%ng'hlp t#twe lIa B%SUS and the gut microbiota is

complex and remains the subject OQ re's h While some studies have shown
a possible link b eXIas ocystis and he y and unhealthy gut composition, it is
essential to aﬁ g that t tu (ef this association may vary significantly

among i d@s Furtheri iga nto the interaction of Blastocystis with the gut
’
sm

mm& iabetic patien &Wrowde valuable insights for future studies. These

fi gs ay contribute to a rrh'e nuanced understanding of the effects of Blastocystis

% ammalian immune system potentially leading to conflicting perspectives (Billy

om ., 2021).



1.3 Problem Statement

Blastocystis infection has been frequently observed in both healthy lﬂv\l als
and immunocompromised patients. However, the pathogenesis of Blasto@ystisfemains
unclear as the infection can be observed in both immunocompromi atients and

healthy individuals and is thought to be related to Blastocyw s infection

W’Fﬁm recent studies,

(Beiromvand et al., 2017; Ibrahim, 2020; Zhang et al.,

immunocompromised patients are under constant scruti
of immune dysfunction which allows the development
infections (Alemu et al., 2018). ‘<0‘
Diabetes is known as a metabolic%; thaﬂ ha ecorne@»‘:re common
throughout time, accounting for 90% N itaoccurren fty@diabetes mellitus

(T2DM). This disease has been con@sd a serlo\hegth i(ﬁ‘more people suffering
N,

in Malaysia and worldwide. It ¢ systemic i no ression; therefore, a high

prevalence of various in?\g 1 pected @Iabetic patients. However,
epidemiological data is, topic is spars and H@e is only a little research on the
LWL

incidence of Blas'{% infe diabet{é.p!atients with a lack of focus on the
iens O

Bla:
O

subtype variati
0\ p
Mohtashami al., 2015).
NN
’ <>
Sr ore, the mp‘rex interplay between parasites and the gut microbiota is
DW

(AOL@V et al.,, 2020; de Melo et al., 2021;

RS

Y

erstood as the gut}hlcrobiota may modulate parasite virulence and host
se to infection, particularly in Blastocystis infection. Recent research has

Ogested that different subtypes of Blastocystis may colonise distinct niches, implying

a wide range of potential interactions with the human gut microbial community. It has
9



been widely reported that Blastocystis diversifies the gut microbiota of healthy humans.
It has also been suggested that Blastocystis can induce intestinal dysbi?vn
immunocompromised patients (Tito et al., 2019). However, it is not yet c@ether
Blastocystis subtypes exploit the state of immunosuppression in d patlents

triggering inflammation and potentially altering the composition of thedgut microbiota,

leading to an unhealthy environment. There is also increasin e from previous
kt

studies suggesting that gut flora has a significant imp he development of

icro iaWnities and
"X

revalefice Blhs@is in

ta% us s@~es on the

evaluation of Blastocystis subtypes infectio comp@?on in diabetic

patients remain controversial and msu.\& study w. nd@to determine the

association between Blastocystis su@ss mfectl\m%u 'ébbiota composition in
N
patients with type 2 diabetes ma%(ZDI\%) andsnon-di c group (NonDM).

e s
1.4 Justification ?§ "é}/

Desplte ei he ost co S|te in humans, there is still controversy

regardlng ogenl ty of B Is (Roberts, 2014). It has come to a consensus
’

that th.: genlc pot tla(of Bﬁtocystls correlates with subtype variation of the

SS\ gene (Skotarczak\’2018) Investigating the effects of colonisation by

metabolic diseases, which is attributed to the dysbiosis

metabolites (Yang et al., 2018). On the other hand,

patients with diabetes in Malaysia is unknown.

ystis on the composition of the gut microbiota may clarify the question of
stocystis pathogenicity. Diversification of the gut microbiota following Blastocystis

colonisation has been reported in healthy individuals (Audebert et al.,2016; Kodio et
10



al., 2019). However, little has been reported on the diversification of the microbiota
following Blastocystis subtype infection causing gut dysbiosis in immunosupp?d
Since diabetic patients are immunosuppressed, they are at risk @mng
communicable diseases, including parasitic infections. Previous stu e shown

that Blastocystis infection was high in diabetic patients compared to¢other intestinal

parasites with prevalence ranging from 2.7% to 42% (Tangi et EI , ).

The high rate of Blastocystis infection in di pa ent@ggest its
pathogenic role in humans as it is believed to d$ Immune stagus oft@‘lbst

Abnormal metabolic activities and immune dysr tion in diabeti patleﬁ_ ay be

P 4
\ﬁisQ ay f rﬂaer aggravate

ment of'such infections

induced by colonisation of certain Blastocystls type
the suffering of diabetic patients. Late dlaﬁgs nd

may result in serious outcomes (Mudassar l. 2@ er CQ accumulated data

from previous studies provide in ua sg\e%ys cyép';s,&subtypes evaluation of

9 %
diabetic patients. S(/
K l 3
The intestinal n‘% is hi Iy vari ble@ong individual humans and its

diversity is affected actorslr +S0CI0 % aphlc setting, antibiotic use, disease,

age and to a Ie r d ee iev mlrez et al., 2018). In conjunction with

alteration i un |{edc}(? Blastocystis infection has been reported to

dlver5| t migt 'Jn hea&\y individuals and those interactions may have

m effects on host IIR@ﬁlty and gut homeostasis (Fredensborg et al., 2020;

‘%\al.zm& Zais et al.,2015). A previous study from the Flemish Gut Flora Project
P

), @ Western population cohort found a strong association between Blastocystis

Qubtypes and microbiota community composition with higher explanatory power than

11



host characteristics. The results suggest that Blastocystis subtypes play the main role

associated with human health (Tito et al.,, 2019). There was also a rew-m

asymptomatic individuals without gastrointestinal disease and inflammati \&1 had

a direct association between the presence of Blastocystis and changes inf& bacterial

and eukaryotic microbiome, as faecal calprotectin was significan ecreased in

association with Blastocystis colonisation. This result propose tWecological shift
e

induces subclinical immune consequences in the asympto Q\IieveS-Ramirez

etal., 2018). '\d‘
N4

| &
However, microbiota differentiation conc@ast:)’cy tis btyp%'sbemains
[ ng d abz.-t-lc patients,

uno ession state of

unclear, especially in immunocompromised individual

whether Blastocystis subtypes may take @& of.t

the diabetic patient, induce inflammation potqia

gut microbiota, leading to an unh%h@utﬁn%be
iabetics,

ter the"Composition of the
t. I(f;B)lastocystis can cause an

9 %

unhealthy gut environment i i%_l'je mechanism on how it can do so
N

should be explored a Wned.llnte tln@utestinal parasites have been

e

associated with the sam ecules in dfziqpmoting an inflammatory response

by regulating the@raﬂ n'of inflamm cytokines (Rook, 2009; Zavala et al.,
N
2018; Zavalaem.’wl ). dnste ‘,bat nic protozoa have been shown to cause

intestinal %ﬁmatio and’ tissu mage where they impair the systematic
’ é
inflamfa %

process (Na eé'd @bdullah, 2021). On the other hand, there is still a

Iae&| ormation regarding\ctae association between Blastocystis and systematic

ation, particularly in T2DM disease. Recent studies revealed that Blastocystis

07 induces the expression of IL-6 and IL-1p pro-inflammatory cytokines through the

activation of mitogen-activated protein kinases in mouse intestinal explants (Lim et al.,
12



2014). Blastocystis ST1, ST2, and ST3 were found to have higher levels of the cytokine

IL-6 in IBS patients (Azizian et al., 2016). YV
In individuals with type 2 Diabetic Mellitus (T2DM), monoclﬁai als and

monocytes will secrete less IL-1 and IL-6 in response to lipopolysacchatide stimulation,
which leads to an intrinsic defect of cells (Casqueiro et al., 2012$t al., 2017
Geerlings et al.,2000; Pelag et al.,2007). Recent evidence el

vel p'nent f T2DM,
and inflammatory processes play a crucial role in the pathogenesis fe'l'\gs)‘m{&mw,
through direct or indirect effects, it affects quC%abolis a ho!’qs_(%t’;sis in
various organs of the body (Akash et aI.,2013Wn N\ 017, Kt?fansen and

that the ﬁumber of anti-

cus_‘gascolarbacterium,

es that systematic

inflammation is an important causal factor that prece

Mandrup.,2005). According to Das and call s, t

inflammatory bacteria (Roseburia, Lacn 'ra,ﬁ

Blautia and Anaerostipes) decreaE? aileot umbe
hanob

(Escherichia, Enterobacter, MK

T2DM compared to heﬁthWols 4:)

of pre-inflammatory bacteria
A
revi rsand I{e’ponema) were increased in

considered an inflammatory.disease. ¢

In light ofahi \Q)ss-@‘fmal study was conducted among T2DM

patients at t crin
NN
and the % eticgr ()prov@ comprehensive information on the Blastocystis

submﬁistribution with gu@obiota differentiation among both groups of study.

sent study was performed by using specific “barcoded” primers, to identify

Q ocystis subtypes in T2DM patients compared to NonDM group by molecular
C

hnique, polymerase chain reaction. Next gene sequencing (NGS) was conducted to

13



determine the gut microbiota composition among the groups. With this background in
mind, the present study is the first to provide information on the relationship lwean

Blastocystis infection with gut microbiota differentiation among T2DM @ and

NonDM group in Malaysia. A
1.5 Research Questions Y'
ions:

This cross-sectional comparative study was based on thr sear¢h q :

N4
| S
e

1. What is the prevalence and subtype of Bla stis in "ty -2 diab atients

(T2DM)? R o x?’
2. Are there any subtype variations of B@Js 'mgu |crol4'8t :
3. What is the association between Bm%sti aqd\g rob'ogn T2DM patients?
A
S
&
1.6 Objectives \

%
1.6.1 General ObjectivbY.\"’b} s IQ/Q

This study aima@uate ocys&‘és‘ﬁbtypes differentiation in type2 diabetic
¢

mellitus (T wtienf a ngt'jiaQec}?: (NonDM) individuals associated with gut
EE- N
microbi% ' 4 e Y’é\

N
R
1.6%2, Specific Objectives

1%
)(;
/4 [/€

0 0 determine the prevalence and subtypes of Blastocystis infection in type-2

diabetic mellitus (T2DM) patients.



2. To identify the subtype variations of Blastocystis with gut microbiota.

3. To evaluate the association between Blastocystis and gut microbiota in?ﬁl

ptens -\g}

1.7 Hypotheses ‘ \,

1. Blastocystis ST3 is prevalent in type 2 diabetes mellitus(T M)\tiey
@

2. There are subtype variations of Blastocystis withut microbigta. ' (.}Y-
3. Blastocystis induce gut dysbiosis in T2D atients ‘pa icularly ocystis

subtype 7 (ST7).

15



1.8 The Significance of the Study

The findings of this study provide vital information on the relationshi Xa;
colonisation of Blastocystis subtypes in T2DM patients and gut micro&ota. btype
classification provides further information on the pathogenicity of di Blastocystis
subtypes. Despite that, the mechanism of how Blastocystis ma %ost cells in
immunocompromised individuals’ infection remains ambiguo erefore, this study

ge c‘ by Blastocystis
infection which may associated with T2DM patients, Furtherm ej;\'gént\‘imdy
also revealed the possible association between BI@ suE)'ty ed ' X,

microbiota especially in T2DM patients. This Qde ignifi information on the

would contribute information on the potential inflam

ribu 'G}Pand gut
Ll?'

impact and pathogenesis of Blastocystis

variation associated with gut microbiom i re a@ce of infection and

its influence on the prevalence %cha)
hi

control measures. The outcom\o

pathogenic potential of hisWism
ve th;/v

evidence is hoped to pa

16



1.9 Scope of Study

This current study has evaluated the infection of Blastocystis would be w ced
on gut microbiota composition in the type-2 diabetic patients (T2DM) an n(miabetic
(NonDM) group, as the targeted inflammatory markers would be the 0 determine
the interaction by both. This study was conducted at Universiti 4&ebangsaan Malaysia
Medical Centre, Kuala Lumpur and a research laboratory,at W:ulty of Medicine
and Health Science, Universiti Sains Islam Malaysia%lM Ililai) total of
203 samples were obtained from March 2021 to November 2022 f Ilo.w'\qe:rgmion

| &
criteria, those who were diagnosed with T2D t non-‘go pli tiong}m other

underlying diseases and healthy individuals. ARhe h’eeg were a@\féached for

their consent to participate in our study. T}%Mam anal egby amolecular
technique by PCR to detect the infectichlastoq{is i0boeth @s. Meanwhile, gut

microbiota composition for tar %0 aa\%yv S d@mined by Next Gene
Sequencing (NGS) and was in Nt;a@nce and diversity. Blood
samples were analysed for mlamrlator lrl@ﬂ'\L-G and IL-1pB) in both T2DM
and NonDM. The g&obiq{ iy'@ revealed a correlation between
Blastocystis infec@ele elted levels of and IL-1B, indicating the presence of

inflammation %ﬂut. o I O
) 0 97
S




1.10 Conceptual Framework

In line with the objectives, the proposed conceptual framework in Figur\mas
developed to evaluate the Blastocystis subtypes colonisation in the tﬁe 2 }abetes

mellitus (T2DM) and non-diabetic (NonDM) group associated wi microbiota

based on available works of recent literature. \,

VN

Gut microbiota profile

’—' The
presence Metagenomic Taxonomic
and sequencing profiles
Stool absence of
Sample Blastocystis
subtypes ‘

Experimental
Significant relationship between validation

Blastocystis sp. and bacteria
communities with pro-
inflammatory markers. i

Blood
Sample Pro-inflammatory markers

‘ R Cytokine
measurement
' -

Figure 1. :C@If ‘newo sho@the infection of Blastocystis in the

1
(T2DM) and (N{ ) gr 'Ssoc' with gut microbiota by (PCR), (NGS)
@ an IS

% §J Source: Developed from literature review
&) v

% Figure 1.1, it is a{s@‘hed that the presence of Blastocystis gives rise to

s%t s related to intestinal damage which vary in subtypes with unknown
a

nisms. As a result, Blastocystis infection was previously considered an

ha |
>

pportunistic disease associated with human immunodeficiency or occasionally found

18



in patients suffering from irritable bowel syndrome (IBS) or chronic inflammatory
bowel disease (IBD) (Reviewed by Partida-Rodriguez et al., 2017). The inw
prevalence of Blastocystis has been linked to changes in the compo@}f the
microbiota in the human host (Audebert et al., 2016; Partida-Rodrig l., 2017).
According to the study by Nagel et al., (2016), there was a change inw microbiota
in the main phyla with the rise of Firmicutes and a statisticall swant reduction in
Bacteroides relative abundance in diarrhoea-predominant | %

ator, Bowel Disease

(IBS) patients than healthy subjects. Besides, it has beenfiypothesise e changes

L ]
in gut bacteria would be associated with certain ir@\«ory marker, s}orfy*‘/v‘hen
the participants were Blastocystis-positive and sti% I er@mokines
were expressed during the innate and adapti$: nispo with@:zrzl functions.
As discovered by Lim et al., 2014, BI@ antigens™ ced@ndant expression

of proinflammatory cytokines, incl% 1B (11- \XLTG @mour necrosis factor-
N,
alpha (TNF-a) via the activati(éP nasessand th?§%ection with Blastocystis

may contribute to the path%h (:" a atoré stinal diseases through the
activation of inflamma%t : host mrhmqa'ells, such as macrophages. Thus,
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the immune changessinduced li ystis nisation may directly influence the

L

host gut microbigta cOmpositi 'ng etéyZOZl). From Figure 1.1, there may be a

¢
significantr %hip twee Id;toeljs?s and gut microbiota with pro-inflammatory
NN
marker 1 ILJB)D'_I;J nalysé\ of the relationship between gut microbiota and

cyt esponses would be @éd as a proxy to understand the role of Blastocystis

i \TZDM.
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1.11 Operational Definition

Variables

Operational Definition

Blastocystis

Blastocystis were identified through sequencing by pol se
chain sequences (PCR) amplification of SSU rD
barcode primers RD5 and BhRDr that amplify an bp region

to detect the presence of Blastocystis DNA. TQE frequ ncy and

prevalence of Blastocystis was expressed in prop

Subtypes The PCR product containing suffic nformatlon for
phylogenetic analysis and subtype identification of Blastocystis is
sequenced by using Sanger sequencingto detect its subtypes and
alleles.

@
| 37y
T2DM Type 2 diabetes was diag accordin he M&Iayman

Diabetes Association criteri ts with FBSS 7. @oI/L or
HbAlc > 6.3% (> 45 mmow \&

Gut Microbiota
Composition

The bacterial phy %d !enus We rac d by 16S rRNA

gene and were perfo the with paired-end
strategy cons@sj acc r\g\ @168 metagenomic

sequencing libkary ep%r m@l)\

Alpha-diversity

The ri %f Si robla a within a sample. Alpha

div si‘t\&gmeal:lred S ng ed OTU, Chao 1, Fisher’s

in Shann@n’s son’s indexes and had been
sent

TR

%@ i @bfota composition between individual

-Curtis dissimilarity matrix (analyses
cFGblpI species.
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1.12 Conclusion

This chapter briefed a comparative cross-sectional study that was designed&gess
some of the shortcomings in the literature on Blastocystis. The overall aifa of a study

was to evaluate the Blastocystis subtypes colonisation in the type tes mellitus
patients (T2DM) and non-diabetic (NonDM) group associated with gut microbiota in
the Malaysia population. By highlighting the problem st temgnificance of the
study, discussing relevant prior studies and outlining t S Jmet dologies,

in-depth exploration was discussed in the following chaptefs revelving @Und
\k (y

Blastocystis, diabetes and the gut microbiota. =
b4 \,"C
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