CHAPTER 5

g
<

5.1 Introduction Y o

This chapter explores the findings of the study. In , th stm\d.mds'e,rved the

viduals/wi
). E% is, az@gociation

. o
tonﬂ'\was scuss@’f both groups.
This chapter also highlighted the \Q robiota c osi@associated with

Blastocystis subtypes in T2DM andﬁaj)M grou\l_\agtly tbéi&)mposition of the gut
;psy N

microbiota was associated with%:hare@:teris Moc@ on two targeted markers
(IL-6 and IL1- B) was disc \ %Q\
J S

5.2 Blastocys@pesb\? ce iéﬁe 2 Diabetes Mellitus (T2DM) and
¢

stis is 0 1{ the\?w'ost prevalent parasites found in human faecal

s:%ns, particularly among\’mmunocompromised individuals, such as those with

prevalence of Blastocystis subtype infection amon

mellitus (T2DM) and non-diabetic individuals (

of Blastocystis infection with gastrointesti

‘'S
7

diabetes mellitus (T2DM). While its clinical importance and pathogenicity

Qnain uncertain, recent research suggests that Blastocystis may have potential clinical
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significance in these immunocompromised populations. Due to the growing research
interest in Blastocystis, the prevalence observations, as well as subtype identifw,
have been performed in this study focusing on the Malaysian population. {[ hi sent
study evaluated the prevalence of Blastocystis in T2DM, a group thaﬂ%wn to be

susceptible to infectious diseases, and non-diabetic (NonDM) individuals.

Q)

According to the results, a high prevalence rate o BIWtis infection was

observed in T2DM (25.5%) compared to non-diabeti ir@? (17.8%)

by polymerase chain reaction (PCR), which were similar to previous d'esih@ere
C;)
v%red the pr alen%'ﬁbserved

4

iirokgfoups that-highlighted

con groups. These

conducted in various regions. Recent studies ha

in a comparison between diabetic group and healthy

Blastocystis infection between diabetic an

studies revealed varying rates of Blasm infw a_t{@prevalence rate in
diabetic patients compared to hﬁhﬁow% ~

inst , Tangi et al., (2016)
=)

reported rates of 2.7% and 1.2% among dihbetic_ patients and the control group. Also,
> =/ <

T

the higher prevalence rate of Blastocyitis (}5.51%)\v)v.as reported by Ali et al., (2018)

among diabetic patients in Irag. Aourarg etal., (2020) observed a significantly higher
prevalence in dlgbetlc patients (42%) comggred to healthy controls (4%) (p<0.05),

A Y NS
while Mohtashamipour et al., (201?) alsojnoted a significant difference, with rates of

P - (

9.3% and 2.5% among diabetic and hea\lth'y groups, respectively (p<0.05). Additionally,
L,y 23 /. <

Popruk et al., h(2020) and de Mel\o’et al., (2021) reported rates of 12.3% and 9%, and

y -, «Lc’j
12.1% and 7.9%, respectively. A study conducted in Egypt by lbrahim et al., (2020)
Ny

00 reported that diabetic patients had higher Blastocystis infection (87%) compared

ith non-diabetic patients (42%) by Modified Jones’s culture while in Turki, higher

Blastocystis infection has also been observed in diabetic patients (25.3%, 14%) than
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control (22.7%, 10%) in both PCR and microscopic method respectively (Sahin et al.,
2023). Furthermore, most studies have reported patients with diabetes mellitusvm
weakened immune system because the risk of infection is higher (Popruk % 20).
It was discovered by Ibrahim et al., (2020) that diabetic patients may h igher risk
of acquiring Blastocystis infection due to their chance of infection ingreased by more
than nine times. Mohtashamipour et al., (2015) also revealed Wisk of intestinal

kth non-diabetics.

parasites particularly Blastocystis was 3.6 times higher in

In immunocompromised hosts, Blastocystis serves as a potential opportunistic pathoge
3

>

that can impair intestinal mucosal integrity, there xplaining eje\@ risk

hese\fl' demonstrate that
i tients@tg::iiabetes.
<<

lusi here Blastocystis

observed in diabetic patients (Olusegun et al.,

Blastocystis should be considered as a pote

However, some researchers havm dif&gnt
infection was higher in the contrd%ca (%1% ;
. This

Iran (Poorkhosravani et aI.,ZOQQk IS variati

: . : N
the study population, onglst b ng%ctlon method (Khanna et al.,

2022; Matovelle et al., 2022} Popruk X Qgﬁ@. Specifically for the diagnosis of

Blastocystis, mo@bus tLdies sed p@tological techniques by microscopic
N
including staicmars nd cu Jg'mem%ds while our present study used molecular

analysis to@ Blastocystis in T and NonDM. It has been found that molecular
’
analysi mgher posi ity‘:ate{,‘iﬁ'an microscopic examination (de Melo et al., 2021;
<

Md&q{ e et al., 2022; Sahin\ebal., 2023). This is because molecular techniques are

di !\[ic patients (10.1%) in

« %
uld ated to the health status of

=

antly more sensitive than microscopic techniques and xenic and vitro culture for

0 detection of Blastocystis in faecal specimens in both humans and animals
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(Mahmoud et al., 2023; Tamalee Roberts et al., 2011). Therefore, the rate of Blastocystis

infection reported might be underestimated depending on the detection method.Y*

Q

Through molecular analysis of the barcode region, this pres t(@y had
successfully isolated different Blastocystis subtypes including ST1, S 3,ST4,ST6
and ST7 among diabetic patients and non-diabetic individuals. horough evaluation
of the studies in the literature reported that ST1, ST2, ST an@'constitute 90% of

the Blastocystis infections in humans where the mmon, subtype detected

worldwide was ST3 (P. A. Jiménez et al., 2019). However, Blastacysti '4 Wa&‘l@vly

ith t@revious

al., 2022; Popruk et al., 2020). Interesting wa W’e inange of ST3 (34.62%)

followed by ST1 (26.92%), ST2 15.%&, ST~4{

(7.69%) in T2DM patients. While;, S (3&.!%7) Qg)\by ST1 (27.77%), ST2
"=

9 %
(22.22%), ST4 (11.11%) and & %%Jserveh@a the non-diabetic group. It
N
was similar to some pr. ioWies In BI th%s%ubtypes in diabetic patients as
tect;>

ST3 had been highly de i bo% . Fhailand, ST3 (9.3%) followed by ST1
@

in

(3%) were detectg@ﬁzeti Aatien whil@ (6%) followed by ST1 (2%) and ST4
N

(1%) in the t%ﬂgro (Po l}&t ad,g-z’020). In contrast, de Melo et al., (2021)

reported S% %) h%yn e\/ééw( in diabetic patients followed by ST3(35.3%),
’
( % arf'

ST2 ST6 (2.9 d S{,T(Z.Q%) while in control, ST3 (43.5%) was higher

detected among the common STs in our study an was co‘gsi en

fo% y ST1(21.8%), S'S?(ZLS%) and ST6 (4.4%) in Brazil. Generally, the

%cation of ST6-ST7 subtypes in Blastocystis can indicate a potential area for

Qmotic transmission, where these subtypes are frequently found in birds (P. A.

Jiménez et al., 2019). Upon evaluating participant data in this study, we observed that
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individuals infected with ST6 and ST7 reported engaging in animal rearing, specifically
owning cats as pets. Moreover, it has been suggested that Blastocystis ST1

associated with zoonotic transmission to humans particularly by exposue}imal
stools. This suggests that animal exposure may represent a po mode of
transmission for Blastocystis infection (Popruk et al., 2020). In the cRe.rﬁ study, ST7
(2/1.7%) was only detected in T2DM. The previous study also Msimilar findings
where ST7 was found exclusively in diabetic patients ( %:t FI., 2021). This
consistency across the studies underlines the potentia ciati nw'SW and

diabetes disease warranting a further evaluation into t cific mec ish_@ever,

ST7 was not strongly associated with T2D i™wvas obs in @'a small
percentage of individuals in this study. a\ é‘r
S L7 &
N ®
U
<> S
T s
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N
&
A
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5.3 Association of Blastocystis subtypes with gastrointestinal symptoms

>

Blastocystis is commonly found in asymptomatic individuals b\Kca

occasionally  cause several gastrointestinal symptoms, particul
immunocompromised individuals. Clinical manifestations of Blastocv;gfectlon may
di

include bloating, constipation, abdominal pain, flatulence, vo arrhoea and

fatigue (A. Asghari et al., 2020; Noradilah et al., 2017;

ongoing debates about whether Blastocystis is a comm

individuals compared to those with gastroi I

infections are asymptomatic (Mardani& eta

by Aykur et al., (2024) highlight %BI%&% uld&e)slde in the human colon
=

for a long period without deN\ g any ms Aﬁﬁportmg the controversy of
N
whether it should be cl f% pathogen rl c nsal microorganism.

4
2%)&5'the most frequent symptom detected

In this presen d ,flatli@
in the presenc of I ong and NonDM followed by bloating

(81.8%),W a Io s of\(7 S‘V()Ja dominal pain (75%) and diarrhoea (65.9%).

These S We,'e repo |n association with symptomatic Blastocystis
|nfe y several studies m@’ng patients with T2DM (Khorshidvand et al., 2021,
‘% amipour et al., 2015; Noradilah et al., 2017; Waly et al., 2021). Furthermore,
Q is present study, Blastocystis was significantly associated with bloating (p=0.037)

th a risk factor of three times (OR = 2.937, 95% CI:. 1.104-7.811) higher in

Blastocystis-positive while there were no association of Blastocystis infection and other
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symptoms. This finding was supported by a study from Peru Hospital which observed
the likelihood of presenting dyspepsia, bloating and abdominal pain increased m
presence of Blastocystis (Robles-Cabrera et al., 2021). However, in previo@%es on
diabetic patients, Blastocystis was observed to be associated with dia p<0.001)
(Mohtashamipour et al., 2015; Waly et al., 2021). In the study by Nom etal., 2017
in the Malaysian aboriginal community, flatulence was among Nnent symptoms
detected and significantly observed more common in %

aI' positive with

Blastocystis.
O
|
Pathogenicity of Blastocystis is believed to type- ep ndant. In @present
study, no significant difference was observed in tE distri M STs mgng the study

groups. However, all participants in thi

fec y Blastocystis

~5§(

experienced some gastrointestinal s ympt}wnk & 7ST1land ST2 were
the most common subtypes obs EE on% sympt ma&) 2DM and NonDM. It

was similar in recent studies tl\ rted STd(2 2%) (2 8%), ST3 (72.2%) and

ST4 (2.8%) were most dom In the sym o at c@oup of children with diarrhoea

*

(Zulfa et al., 2017). Interesti gly,% aﬁadjwpd that ST3 was the most common

subtype detected )@A p@th abQ‘z)%mal pain (34.6%), flatulence (34.1%),
N

mucus in stotm?) %) andscra ( %). Meanwhile, ST2 was predominant in
symptoma@ud ualg withlbl od.éé(ool (40%).
<O 'Y

ddltlon to gastrm@tfnal symptoms, previous studies associated the

‘% stis infection with cutaneous disorders and chronic or acute urticaria belonging
ﬁ e ST2 or ST3 in the patient's faecal samples (Kumarasamy et al., 2018). ST1 has
so been observed with all gastrointestinal symptoms in a slightly lower detection
compared to ST3. These results were in agreement with other studies that denied any
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association between the presence of symptoms and Blastocystis subtypes (Abaza et al.,
2014; Dogan et al., 2017; Kumarasamy et al., 2018). Individuals that were infect?ﬁ!h
ST3 and ST6 may result in a range of clinical outcomes with some@gﬁduals
experiencing symptomatic infection while others remain asymptomatAgxperience
mild symptoms (E. M. Hussein et al., 2008; Karamati et al., 2021; Rojés-Velazquez et
al., 2022). ST3 infection has also been significantly associated with/flatulence while
ST1 infection has been observed in patients with gastrointe %:p

t’)ms particularly

nausea in the infected individuals (Noradilah et al., 2017;%kan et .,Weanwhile,

@

Y-.
other studies stated that ST1 may be associated %re severe cli icial @omes
compared to other subtypes (E. M. Hussein et al: e% Ol@egarding

Y.
nd'ST

ST4 and ST6, recent studies reported that ST4 a ave been cor@n subtypes in

. Oll@ﬂhis study, all the
participants that infected with ST%ST? ex\m%d

g@y and loose stool. A
_ N

previous review highlighted th loose stoobis«a pa chronic diarrhoea which

patients with diarrhoeal (Deng et al., : Stensvold et

&
frequently occurs duetoap hfecj . rida@., 2023). However, this study
i;ific assogiatl

showed, that there we i 2
j &
gastrointestinal sy S. l \ é./
&

Recentl(,}aoral tudies }\)e proposed that this protozoan may be

promoted Q-’mdicat r offa eeﬁ&{gut (Deng et al., 2021). In addition to that,
’
accumala er‘:

evidence ec,e\l,ﬁ'j/ears has shown that Blastocystis colonisation is

an o@ween Blastocystis subtypes and

assh@e with a higher beﬁerial diversity of gut communities particularly in

%uals without any comorbidities (M. J. Kim et al., 2022; C. R Stensvold et al.,

022). Therefore, the variation in clinical findings among individuals with Blastocystis

infection is acknowledged to be influenced by many factors including genotype of
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Blastocystis, microbiota composition, host immune response, Blastocystis density, and

g
0

5.4 Gut Microbiota Composition in T2DM Compared to Nonl)%~

other concurrent infections (C. Rune Stensvold & Clark, 2016).

In this present study, a comprehensive analysis by next.gene Sequencing (NGS)
Kllit

showed a notable difference in alpha diversity in type-2 dia L,S (T2DM) when
compared to non-diabetic (NonDM). The gut microbi as eWziltered in
o - 4 9
T2DM, as alpha diversity was significantly decrease e T2D pto[@a ed to
the NonDM group. Regarding alpha diversi gn% ctioqj:u' species

study.éb%:ested a less
D@ecrease in alpha

diverse microbial composition within ut

diversity of the gut microbiota wil to an u\r}y%g

previous studies reported that If%‘xa diversitydlevels ged to the development of
glucose intolerance (T. Da: }201

supported by other studi t dem
s &

T2DM showed st@y Si@ fere@s«toncerning alpha diversity compared

to healthy indivw{Is arse ' 10; Eéékh etal., 2023). Moreover, a recent study

¢

by Almuge@., (2020).0 r&ad@ the abundance of gut microbiota was higher
NN

in TZD% ared f0 y conu‘\as, as noticed in alpha diversity although there

Y-

weru&gnificant diﬁerence@&veen both groups. However, one study showed that

str :j' lth@lt composition of patients with

a ersity was higher in cases than in control, in contradiction to another previous
inding. This observation may be due to treatment or lifestyle changes that are
rescribed following a diabetes diagnosis, which may contribute to increasing alpha

diversity (Doumatey et al., 2020). From the relative bacterial abundance, the dominant
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phyla observed among T2DM and NonDM groups in this study were Firmicutes
(55.37%, 55.73%), followed by Actinobacteria (21.19%, 11.71%), Bacte??!s
(14.75%, 25.87%) and Proteobacteria (6.9%, 5.18%). Interestingly, the @tudy
revealed numerous changes in the gut composition as there was a signi ifference

in bacteria composition between the T2DM and NonDM groups.§This difference

appeared at the level of certain phyla and genera. \)
The current study highlighted this finding i n wasy enriched

significantly with the Bacteroidetes phylum (p<0.801, FDR=0.000

nSistig of
1S
Bacteroides (p<0.014, FDR=0.016). As the Bact es genus Was s nlflc@y lower

4
in T2DM, it can be explained by a previous studRepor

Bacteroides has been linked to insulin re@du :)11
acids and short-chain fatty acids 58% (Ped.@ I, _‘Z\Q) Generally, gut
r

ucao%yc fer@e;}ation. It is believed to

d %
have antineoplastic propertiesﬁ& tribut heall{’(or. S. Kim & Milner, 2007).
. . j N . :
Like Prevotella, it wa re(Wd a lIy 6’ iated with the production of
ouna

health-promoting comp such{

or had an overa@kﬂa@eﬁect € Vadder et al., 2016). In this study,
AN
Prevotella 9 appeared to have a r‘g&sir(ggrénd in T2DM patients. Thus, this explained
phyl

u onDM compared to T2DM. However, these

the abund acterpide
5
findin contradictory f(') the‘animal model study mainly in Prevotella 9, where

[
% S
ge% DM Wistar rats we%bserved in their enrichment of the genera Prevotella

educ iotz-rn\/ the genus

—t

easeAn Branched amino

Bacteroidetes produce butyrate, a

: e it improved glucose metabolism

tia, Roseburia, Allobaculum and Prevotella 1 compared with normal Wistar rats

Qng, 2020). Another study also revealed a genus of Prevotella 9 sequences consisting

of Prevotella copri whose presence of this species could increase the risk of diarrhoea
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and irritable bowel syndrome (Su et al., 2018; Wutthi-in et al., 2020). It is noteworthy
that Prevotella 9, a particular strain within the Prevotella genus, may be li

specific disease endotypes. Additionally, Prevotella is classically tho@as a
commensal bacteria because of its wide genetic diversity, ecology and aﬂ&o interact

with other commensal bacteria from the gut to regulate its levels (LeN, 016).

O

Meanwhile, the relative abundance of the Actin acWhylum increased

significantly in T2DM compared to NonDM (p=0.001 =0. OSWacteria IS
a bacterial phylum comprising of genera B:‘$ri m and II'nséIl{YThe
C;)

increased Actinobacteria phylum in this study w. ected i‘gt si ificqéliy higher

\ang increa trend of

nsistent” with previous

o

abundance of Bifidobacterium (p=0.008, &<O.

Collinsella among T2DM. Interestin&%
ob

results stated that the levels of the Actin ria pw?

as well as Collinsella genus were‘si nia anH credse iné&ants with hypertension
2 di

(HT), hyperlipidemia (HL) arw
N
decreased §T disease groups (Adachi et al.,

Bacteroidetes phylum was Wantl I

2019; Cunningham et al., 2 1;% et-a&gpzo; Takagi et al., 2020) compared

sis irg)of Bifidobacterium

9 %
diab IIituAf{ZDM) whereas the level of

*

(72]

to control indivi s\.hco t‘ast, ang @ (2021) found that the proportion of

Bifidobacterilcm lower in 52 M.Q&dile Collinsella is often associated with

individual%mg 2DM cent studies reported that Collinsella was
? <

associated wi

Ey
serum oléte,rQ,R'ind triglyceride levels as this genus had a high

abm@c in patients with ob%ty and T2DM, but the precise molecular mechanisms

/

—h

‘%mown (Frost et al., 2019; Lahti et al., 2013; Lambert et al., 2015; Nirmalkar et
%, 2018). This suggests that the changes in both Actinobacteria and Bacteroidetes phyla

may be associated with the development of T2DM.
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Furthermore, Firmicutes was the phylum with the greatest number of the genera
in the gut including Lactobacillus, Megamonas, Dorea, Faecalibacterium and ?ﬂu
In this study, the relative abundance of the Firmicutes phylum was almost @}n the
T2DM and NonDM groups. While, some previous studies from t regions
showed a lower abundance of Firmicutes observed in T2DM patients W/ez Carbajal
et al., 2020; Larsen et al., 2010; Letchumanan et al., 2022; aska ec et al., 2021).

’&.bl ta, which could

Generally, Firmicutes is a pivotal bacteria present in the

metabolise indigestible polysaccharides and increase the ucti wham fatty

acids (SCFAs). Short-chain fatty acids (SCFAS)
propionate along with the bacterial taxa respo

particular interest in the diabetic gut due to

the host function (Blaak et al., 2020 \%&

influence different metabolic path d there%’wq

N,
modulating T2DM (Abdul Rah%, zofb) Thusy a (E(/@ise in SCFAs-producing

taxa could be comorbid wi N anr use @rsen the disease (Nayman et
i I

al., 2024). Q) :

Looking at p%\!s Iex@;mg t%ﬁ}Flrmlcute phylum, this study observed
a significantCh&se n «Bla '(p(Q()eél FDR<0.001) and Dorea (p=0.029,

FDR= OOOQmera ereas jther, (Was a decrease in Megamonas (p=0.001,
P17,

FDR=:O mong T2 tien\gtompared to NonDM. This finding appeared to be

w antiated by prewou\tudles stating that Blautia and Dorea had a positive

%tlon with T2DM. The increase in Blautia and Dorea with a decrease in

Ogamonas suggested that these particular bacterial taxa may play a role in the

pathogenesis and progression of T2DM as they may influence host metabolism and

157



inflammation through the production of metabolites such as SCFAs and modulate gut
barrier function (Almugadam et al., 2020; Egshatyan et al., 2016; Gurung et alv
Li et al.,, 2020; Vallianou et al.,2019). Additionally, this study also o\ed a
decreasing trend in Faecalibacterium and an increasing trend in Lactms among
T2DM compared to NonDM, although no significant differences e found. Most
recent studies observed a significantly higher Lactobacillu M patients with
diabetes compared to healthy controls (Larsen et al., 201 Yn:, 013; Sedighi et
al., 2017). It was also supported by previous substantial and le research
that the Faecalibacterium genus was inversely correl ith T2DM hi'e Efg nera
Blautia and Lactobacillus were positively associ th 72D S ind'kcgt.és that as

the abundance of genera increases, the IikeIiﬁo&d; TZDYI oceurring a@gr:creases (M.

Gurung et al., 2020; Sedighi et al., 201%,D. Wang et al. 2; J@Vang etal., 2012;

Zewen Zhang et al., 2021). \

On the other hand, T2D R% ipants mcmfﬁ.assomated with an increase
in pathogenic bacteria, Wm the Prot @hylum Proteobacterial species
are frequently recognlsed a typiea caf |crob|al dysbiosis (Shin et al.,
2015). In contras hea y ul is do mate Bacteroidetes and Firmicutes but also
includes sm po iops 0 A':tlrmgaéterla Proteobacteria, Fusobacteria and
Verrucom HoII| eretal. Oﬁgi}nterestmgly, this study observed an increasing
tren d i t herlchla hlg‘glla g‘iﬁus belonging to the Proteobacteria phylum among

T2 c pared to NonDM }f%ough not statistically significant. This is consistent

%ast studies, as the proportion of Proteobacteria was higher followed by

Gthenchla-Shigella was common in patients with T2DM but not significantly (Larsen

et al., 2010; Zewen Zhang et al., 2021). A recent study by Maskarinec et al., (2021)
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found that Escherichia-Shigella was elevated in T2DM patients and also associated with
the use of Metformin in T2DM. Taking metformin was associated with a chang?ﬂe
composition of the faecal microbiome in subjects with T2DM including e@nt in
Escherichia (Maskarinec et al., 2021; Wu et al., 2017). It is thought aﬂ&bundance
of Escherichia-Shigella may enhance chronic systemic inflammatiorWDM disease
as it is considered an endotoxin-producing bacteria (Mask irwal., 2021). The
explanation for this could be that in T2DM, glucose aYc:~|r[egul<alr|tles, and

elevated glucose metabolites increase the number of p en n the gut,
3

resulting in inflammation and insulin resistance (Lar al., 2010). I_S

According to Sun et al., (2010), the out mem

lipopolysaccharide (LPS) which is a ceII@/ r 3

bacteria that is elevated in both obe3|ty andeT2 pa i

these b c?-ﬂa contains

oner)@é) gram-negative

LPSQn cause metabolic
S
A

endotoxemia, which is Ilnkedt 00 strﬁ a p agg:)secreted components and
inflammatory markers that i |n uI|n rest ( Q—et al., 2016). In this state
of endotoxemia, the mechanisms are I|’<ely IIVO oth increased LPS uptake and
decreased LPS clearan(% chy ol J&C by enterocytes exhibit heightened
LPS uptake, wh| oo rat ght ncti etween enterocytes lead to increased

intestinal perrcm, comm r‘gferrecgrd as leaky gut. Thus, this ultimately causes

more LPS%IO cate intq'the bl irculation (Gomes et al., 2017; Sohail et al.,

"reveél'e'd that LPS-TL 4 signalling promotes an innate

>4
n\ sponse that medlatﬁystemlc inflammation and insulin resistance (Cani et

2017) investigation

8). However, a growing body of research on humans suggested that LPS may

Ose a systemic inflammatory response in T2DM participants, characterised by

elevated neutrophil counts, elevated body temperature and heart rate, increased plasma
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concentrations of cytokines, and increased adhesion molecule production (Andreasen
et al. 2010; Dong et al., 2022). According to a recent study by L. Zhang et al., !
there was a significant increase in LPS in T2DM participants compared to@}trols

(p<0.05).

Indeed, a review of previous findings observed an increase4i pathogenic bacteria

(ww&cteroides caccae,
u in.t\e?robiota of
re consid h@]mg’pro-

||y,'@;?/videly

such as Klebsiella, Salmonella, Enterobacteria, Escherichia

Prevotella copri and Bacteroides vulgates that have
diabetic patients, as well as Proteobacteria phylum which

inflammatory (Kumar et al., 2022; Pedersen et al,2016). ,‘A.d tio

recognised that the development of insulin resis%ce a \ty'pg diab tQ.Ells triggered

by this subclinical pro-inflammatory st@“ch i Eu by NJE PS-dependent

synthesis of inflammatory cytokines like i Ieuki%(i II__\G, d tumour necrosis
factor-o. (TNF-a) (Crudele et al., cZQVI ng et al

) “
Jingjing Wang et al., 2015). Inﬁq gly, a correlation eﬁfysis in the present study also

. , NS
demonstrated that pro-inflammatory cytokines (IL ea'l_l-ﬁ) were strongly correlated
oN

with T2DM compared t \

could serve as an@ Si r‘al of gut dys@s that precedes the formation of low-
N
grade inflamnemm is an tiidatq,gedture identified in obesity and T2DM. As a
port

consequenQﬁ levels of o unistic pathogens such as Escherichia-Shigella in the
okt

ould support tﬂ'e qb\}é?t"vation that monitoring the gut microbiome may be

., QQ : Kumar et al., 2022;

M. Thu inér in the abundance of Proteobacteria

T2DMigr
o 8D e
a % technique in monitoring and managing bacterial infections in diabetics

retal., 2022).

0 Moreover, this study also found an increasing trend in the abundance of

Lentisphaerae phylum among T2DM and NonDM. Commonly, the Lentisphaerae
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phylum is among the less prominent phyla in the gut including Tenericutes,
Fusobacteria and others. This finding was similar to a study conducted by Ma

and colleagues (2021) observed on Lentisphaerae that was positively ass@wnh
T2DM status (p<0.05). In contrast, women with hyperglycaemia in cy (HIP)
had a lower abundance of Lentisphaerae compared to healthy subjemntlsphaerae
and Tenericutes phyla were enriched in the healthy control (p<0.05 elbel Gaoetal.,
2020). In other studies, Tenericutes was higher in contr in d|viduals with
polycystic ovary syndrome (PCOS) and metabolic syn (M. YWaI 2017)
Consistent with the previous studies, the current s found| tha e'T&ﬁe}cutes

phylum was more abundant in non-diabetic indi co r ZD%‘T

Overall, this present study demon st@‘ ba qr\al positi may be altered

in T2DM, influenced by several predomln ba ria ? gu_&Qe variations in gut
microbiota composition between D aa wec) nconS|stent across the
included studies. However, |t e noteththa ome& |ct|ng evidence regarding
the dysbiosis profile a% |th iabe as the relative abundance or

reduction of specific genera)'suggests hés eratlons are more species-specific

than genus- spec eo e‘ the Jeffect ‘% individual bacterial strains is often

improved in @sen e of 0 ?'sp developlng a complex gut microbiota
environme%udelee al., 2028)
’
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5.5 Association between Blastocystis subtypes and the gut microbiota and its

correlation with I1L-6 and IL1-B Yv

Blastocystis has been reported to have a complex interaction |th)1

D

qut

microbiota. Most studies demonstrated that colonisation of Blastocysti Id affect the
gut microbiota in both composition and richness. It has also been stated that the diversity

and bacterial species composition of the microbiota of healthy duals and those of

patients with metabolic or infectious diseases differ.

s
3

abundance of both beneficial and harmful gut m

: |aw'sainfection,
recent studies have indicated that it could be §te with al aioﬁs\ﬁ'the
Iota (A}k

into ﬂ@a{lssociation

iver, 'tg indicating that

al., 2022; Olyaiee et al., 2022). Thus, this studRrovid

between Blastocystis subtypes and gut mi@( ric

Blastocystis could potentially contribute to gut ealt?
lit

depending on the subtypes am(:@@ dﬁb%?l

9 %

(NonDM) groups. &
= J«%j S

Interestingly, thi% served't

4 F &
diversity with or ut the\liﬁrse of Iﬁwcystis among T2DM and NonDM

nt oé‘géterial diversity in Blastocystis carriers.

e

participants, confirming the e
’ J (r%
This findin milar to V£US(S-B y that stated a higher bacterial diversity in

NN
the faec icrobiotafo i 'pts coic&sed with Blastocystis was detected compared to
Bla is-free subjects (AK rt et al., 2016). Several studies had observed a
@nt difference in beta diversity of the microbial community composition across
& roups (Kim et al., 2022; C. R. Stensvold et al., 2022), which was consistent with
e findings of this study. The higher gut composition diversity appears to be favourable

to gut health, which may indicate that Blastocystis is a component of a stable, resilient
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and health-associated microbiota. This will also be influenced by subtype-level analysis

of Blastocystis which revealed significant differences within the genus (M. J.Tl

al., 2022). @

The current study observed several significant abundances of and genera

including Bacteroidetes (p<0.001, FDR<0.0001) among groups4with Blastocystis and

=W FDR<0.020) and
cteroidetes phylum were
significantly higher in the presence of Blastocystis especially in Mfgiiﬁtant
shift in the prevotella-driven enterotype in chil% adl}lts it Blag%'g;t’is has

been reported in previous studies (Alzate et al., ZQO; Ni M

without Blastocystis. Plus, the enrichment of Bacteroides,(p

Prevotella 9 (p=0.006, FDR<0.015) genera belongin

irez tv&?,’zols; Tito

etal., 2019). In a study of the Korean populationy Pre EII as also highly enriched
in the Blastocystis-positive group (M. J."Kim_et al., . _ﬁ@otella species are
typically the dominant colonisersyof the ﬂu%yn-wegt%c&nised populations that
consume plant-rich diet (De Fﬂq& tal., : re:‘/ot&ﬁ'l'a strains are linked to plant-

(
beneficial bacteria (Ley, 2016). Certair oé&l?}s,trains could produce SCFAs, which

protect the gut b@nd @e pos Iﬁty of inflammation diseases such as

N
T2DM (Abdeeﬁhqﬂ ., 2023 B‘gharcé-él., 2017). This suggests that Blastocystis
sifi

ﬁ'( and may reflect the homeostasis of the gut. In

could pror\%ﬁealthy ut 0
'
the he m metabolites Qtjch as Short-chain fatty acids (SCFAs) are developed by

&
e

few n by anaerobic baCteria and possibly enhanced SCFA production by

rich diets including fi S,We sugars a cag@drates indicating their role as

ystis (Aykur, 2024). In contrast, a recent experimental study conducted by

Ofaye et al.,, 2020 reported that the faecal composition of infected rats was

characterised by a decrease in overall SCFA production, including acetate, propionate
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and butyrate. This gut alteration included an increase in the relative abundance of

Oscillospira and a decrease in Clostridium, which appear to be associated wit

levels of SCFAs in the infected rats' faeces (Defaye et al., 2020). (’}

Furthermore, this study found a significantly highe%ndance of
Y

Bifidobacterium (p=0.019, FDR=0.032) belonging to Actinobacteégia phylum (p=0.002,

FDR=0.005) in Blastocystis-negative individuals which T, Dme exhibiting even

greater Actinobacteria abundance compared to the Non oup. PrKo?udies also
i

observed that Bifidobacterium was inversely associated with Blastoaystis if {'@Tthy
| &S
S) i

al., 2@ Cinek

N dio e %2019) also

tocyQis- on colonised

children and males with intestinal bowel syndro
et al., 2021; Nourrisson et al., 2014). A study chucte

observed that Actinobacteria was ov@lte

children in healthy Malian children. Generally Rj@ riu&@an essential genus

since its key roles include stabilisi ae %%zmﬁeserving the intestinal

9 %
barrier, immunological educalhk d the Switch Jbetweehtthe newborn and childhood

N
microbiomes (Kato et E ZWfDes;,lte B dl b@um being widely utilised as a

probiotic, the current study discovered ativelassociation between Bifidobacterium

and Blastocystis. <$
O
\ ¢ J (,R
In addition, a significan 'ncrea@i relative abundance of less the prominent

NN
phylum Lentisphaera€ (p< .9)1, F@<0.001) was found among Blastocystis negative

in Em participants and @ocystis positive in NonDM participants. While

\r&aeota (p<0.001, FDR<0.001) and Tenericutes (p=0.008, FDR=0.016) phyla
Q significantly higher in the Blastocystis positive NonDM group compared to other
roups. It is consistent with a recent study that reported Blastocystis colonisation has a

significant association with a higher bacterial diversity in the phyla Firmicutes,

%
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Elusimicrobia, Lentispaerae and Euryacheota (Kodio et al., 2019). In the present study,
the findings on Lentispaerae phylum were dominant in the T2DM group comp

NonDM which suggests that the presence of Blastocystis could help @hing
Lentispaerae phylum. However, there is currently not enough evide ssign the
influence of Blastocystis on these phyla. The bacterial classifications Lentisphaerae

(phylum), Lentisphaeria (class), and Victivallales (order) are qeder ied (Zhi Zhang

l

etal., 2023). 5
A recent study also revealed that these microbial commu iti:s\g
related to immune modulation and could potenti prove sympt

(Fan et al., 2020; Hemmings et al., 2017). In adglon,

with the finding of Yong Wang et al. (20 \“er S

~—+
~+
=>
@D o
o
=
=
o (9]
Q. [<T)
g 4
s
o <
o) o
— [
s >
D
@ =2
> <

Blastocystis carriage and the high re%bun nce

en&Qes phylum, which

consisted of both commensals a%cm)geg%yin in %s also observed in an
in

o

N
experimental infection study ing rats; e infetted with Blastocystis had a

higher abundance of eWcute ph I.51‘1'E|nd|cates that parasites like
ly I

Blastocystis may certain odify thi Lﬁé/@ardless of the underlying disease

(Defaye et al., 20 mor n!; to reeent st@s, Lentisphaerae and Tenericutes were

N
abundant in hgalthyagontfols co 3;§d ividuals with polycystic ovary syndrome
t

(PCOS), h@caemi or oli drome when comparing less prominent phyla
5
(Bei &d al., 20205 Lirf:jhei t al., 2017). Thus, it would suggest that bacteria

ib
N
|Ik@€ cutes seem to play %rotectlve role against several kinds of diseases (Beibei

al., 2020). It is like the current study which observed that the NonDM group has

évigher abundance of these phylum; Lentisphaerae, Euryarchaeota and Tenericutes

when compared to T2DM. However, these phyla were lower in the presence of
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Blastocystis in T2DM, which suggested that T2DM itself could alter the gut

composition. Yv

In this study, all groups with the presence of Blastocystis and witho g@ocystis
were dominated by phylum Firmicutes which was consistent with re dies among
the Malaysian population (Neoh et al., 2018; Rajamanikam eth: Generally,
Firmicutes has been related to butyrate producers’ bacteria m one of the most
dominant phyla in the gut, consisting of a member o ae aliw, Blautia,

Dorea and Megamonas genera. The increase in Figmicutes would | 0 ?n@aSed
(.;)

nte!@ lumen,

butyrate production. The metabolism of butyrate rrand a‘t)y oxi
HERR

hris une Stensvold

which again favours colonisation by Blastocystis avou iw.yfacultative

anaerobic bacteria, providing a balance ((%Nvir

& van der Giezen, 2018). Looking at the nus@

ctﬂ was significantly
higher in Blastocystis individlizéam% %.0 Olg%ile Blautia (p=0.001,
FDR=0.003) and MegamonaNK 001 001 Q&:e significantly higher in

M. S&h\e butyrate-producing bacteria

Blastocystis-negative in,bot M al
ystis-neg %RZD I S

decreased, which suggested that ins\ eﬂtldyndividuals, the types of Firmicutes

o
Z

bacteria present i;@m may"' change, Ieac@to variations in Firmicutes abundance

N
(Magne et a M liva et l,' ZQZ%-).’ Regardless of the changes in T2DM,

Blastocysti potential ntri to the enhancement of butyrate-producing
'
bacteri &Vaecaliba ufﬁ, I%i’l'ng to gut health.
S

g\h contrast, a positive association was suggested between the presence of

ocystis and T2DM patients, which was also correlated with an increase in

Q;thogenic bacteria. An increasing trend of the phylum Proteobacteria in Blastocystis-

positive T2DM compared to NonDM has been seen to have probable pathogenic
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bacteria consisting of Escherichia-shigella with significant differences (p=0.004,
FDR=0.040). Specifically in this study, a pro-inflammatory strain like EschTu
shigella genus was shown to be elevated in patients with T2DM, wﬂ@hout
Blastocystis. The Escherichia-shigella genus was once thought to be ortunistic
pathogen that could cause inflammation in the intestines to varmegrees and

eventually trigger the host immune response, increasing the_risk of type 2 diabetes
g th

(T2DM). This pro-inflammatory component production ,3 production of
lipopolysaccharides (LPS) and peptidoglycans (PGN) (X™*Zhao et I.Wherefcre,
3

particip q’o@; to
sen% o@’\h group,

c f Blastocysti wever there

the Escherichia-shigella genus was increased in

NonDM participants, regardless of Blastocysti

Escherichia-shigella was more abundant in

>

was no significant correlation found ;udy betw ro@ﬁcterla as well as
Escherichia-shigella genus with IL%d IL-6. T ,<\
? 0 ?‘ >
Commonly, colonlsatloNK B

is/has kEéfvobserved to be associated

lasto

N
with both healthy gut ¢ pcw and dysbiosi Iin @resent study. This is due to the
|otaa

alteration of gut microb ing asseci vwfth(&[.astocystls subtypes, which explains

the conflicting re@hch@ﬁman Izate et al., 2020). In this study, ST3

a <
was the most Erevalent in the T2DM comjpared to other STs. Regarding Blastocystis

subtypes, d @dﬁhat{\ stocystis ST1 and ST3 were significantly
associ ww less p dor{' na{,ﬁ'ﬁhyla gut, including Lentisphaerae, Euryarchaeota
and Tenerlcutes compared vﬁtcr?non-colonised (NC) group. While Collinsella and
#Dorea genera were observed to have an increased trend in ST2 and ST3 infection,

\respectively, but not significant. In contrast, other studies showed Blastocystis ST1, ST2

and ST3 were strongly negatively associated with bacterial species belonging to the
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Actinobacteria phylum, particularly from the Actinomyces, Bifidobacterium and

Collinsella genera (Mayneris-Perxachs et al., 2022). Actinobacteria and Proteobacteria

AN

phyla had also been observed to have a decreased trend in the presence of Blas)tocystis
\'
ST3 but not significant. It was evident that the most abundant relative phyla were

h
Firmicutes, Bacteroidetes, Proteobacteria and Actinobacteria for all ST infections,

oY
which agrees with previously reported findings (Audebert et al., 2016; Castafieda et al.,

A
2020; Gabrielli et al., 2020). However, this current study did not fino'I any significant
i y
differences in these dominant phyla including Firmicutes and Bacteroﬁetes, across
]
N4

individuals colonised by Blastocystis subtypes. J .\‘-')

h - : \Y-
Blastocystis ST1 and ST3 are very common subtypes that have been suggested to

N Y % N

promote beneficial ~bacteria such as_ )Bacnlota \(I}rmlcutes) Bacteroidata
a &%
(Bacteroidetes), Bifidobacterium :Actinobacteriaknd Lactobacillus (Firmicutes)

)N
which indirectly influence to the host immup'e response (Behboud et al. 2022; Deng et

[7 Q—
al., 2023). ST3 was linked to :lcstate racteris higher bacterial diversity

and beneficial bacteria E nWhylaI: es acter0|detes such as those of

the genera Rumlnococcus églvely while a high proportion of
Bacteroides foun oc s is- fre subjegQ imona Gabrielli et al., 2020; Yafiez et
al., 2021). A c ed end }bo enus belonging to the Firmicutes phylum
was obser 3co pared t O§FSInthIS present study. Dorea has been shown

to plaS aI part in ote€ |ve¥t|on in the gut, boosting SCFAs and consequently

eleiwg atty acid OX|dat|on in erm -free mice (Judrez-Fernandez et al., 2023).

E In an experimental study, Deng and colleagues (2023) reported that Blastocystis
STl colonisation increased the abundance of beneficial bacteria Alloprevotella and

Akkermansia and induced protective immune responses in normal, healthy mice. ST1-
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colonised mice also showed decreases in the severity of Dextran sulphate sodium

(DSS)-induces colitis when compared to non-colonised mice. The production of SCFA

AN

also increased with the abundance of Alloprevotella and Akkermansia in the ST1-
\7J
colonised mice. While a study in Taiwan reported that Akkermansia Muciniphilia was

h
higher in all Blastocystis groups (ST1, ST3 & ST4) compared to non-colonised group

L A\
(Huang et al., 2023). Interestingly, this present finding also found that ST1 has an

A
increasing trend in Verrucomicrobia phylum which comprises of genus Akkermansia.

l
i y
However, this study did not find any significance after FDR adjustment. However, this
o « Y1 ov'X
finding in agreement with previous studies indicated that Akkermansia belonging to
~ | T "2

Verrucomicrobia phylum potentially can be elevated with Blastocystls colonlsatlon

\\;( w\\ ‘S\T

Regarding Blastocystis ST4, the present study d|d not observe any significant

N o\
findings with gut phylum and genus. Numerous studies r }ported that ST4 had been
NN\
associated with a healthy gut com‘posmon such as Akkermansia and
24 Q7

Methanobrevibacter in healthy individuals (Tlto etal., 2019 Yafiez et al., 2021). These
¥ j¥Yy 2

- S
genera may potentially degrade intestinal mucin which is associated with weight loss

L T'O
and may play an important role in carbohydrate digestion that can protect from the

weight gain (Le ghatelier et al., 2013). In the experimental study conducted by Deng

& \ ‘\\.z qu’
and co-workers (2022), they obser\igd thatJBIastocystis ST4 colonisation can maintain

P - ( B

the stability of bacterial community composition and induce an immune response that

[l\ :w._/d

facilitates faster recovery from experlmentally induced colitis mice. Plus, it could

N\ >\

ir@ the SCFA production and anti-inflammatory cytokines IL-10 while increasing
#ithe gut Clostridiales taxa and depleting Bacteroidales. Thus, ST4 has been identified
\35 having a commensal strain of Blastocystis that is increasing in bacterial richness in

individuals (Feranmi, 2022).
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However, ST7 was only observed in T2DM to be significantly associated with an

increase in pathogenic bacteria like Escherichia-Shigella belonging to the

AN

Proteobacteria phylum in the present study. Bacteroides genus bqlcln%ing to

Bacteroidetes phylum and Bifidobacterium belonging to Actinobacteria phylum were

h
also decreased in the presence of Blastocystis ST7. This finding was concordant with a

a Y
previous study reported that diarrheal patients infected with Blastocystis ST7 exhibited

A
a higher proportion of Escherichia-Shigella and a lower abunom‘n'ce of 'Bacteroides and
— i y
Parabacteroides in patients (Deng, Lee, et al., 2022). In obese individuals, the
- . &« 7 I o7 X%
proportion of Firmicutes and Proteobacteria increased compared ti) B%;Eero‘ldeit‘(iswhlch

indicated that an inflammatory environment was present (Hand et al. 2916). In an

\V

: . v L V .

experimental murine model, Yason et al., (2019) found t?at a decrease in the beneficial
\ '. 4{ &

bacteria of the genera Lactobacillus and Bifidobacterium was associated with the

. Mo aR ™

presence of Blastocystis ST7. Some roles of Bifidobacteriur\n are to maintain the
N N A&
epithelial barrier and to employ anti-inflammatory properties that can reduce the

AaOaN NJ ¥

production of pro-inflammatory cytokines such as IL-6 and tumour necrosis alpha

» VT | ¥ =

(TNF-a) (Ling et al., 2016). Blastocystis ST7 had a selective influence on specific

«'n’ &
bacterial populations. The growth of Escherichia coli (facultative anaerobe) was
>y A D N

enhanced while inhibiting Bifidobacterium longum (an obligate anaerobe) and

N e DY

Lactobacillus sp.'Which can lead to dysbiosis (Deng et al., 2021). In addition, the
Qe | ]) X

Escherichia-Shigella be_Ion‘ging to phylum Proteobacteria and the family

Entrerobacteriaceae have been correlated positively with gastrointestinal and systemic
™~

inflammation, commonly in IBD patients (J. Liu et al., 2021; Zhai et al., 2019).

Q The pathogenicity of Blastocystis ST7 has been determined both in vivo and in

vitro experiments, which reported its impact on immune inflammatory response in the
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gut microbiome. Parasites like Blastocystis produce cysteine proteases that reduce the

zonulin protein and cause the reformation of F-actin, a structural protein cell. As a

AN

result, Blastocystis subtypes particularly ST7 caused a significant increase in intestinal
\7J
permeability (Mirza et al, 2012). The proteases can also cleave secretory

h
immunoglobulin A (slg A), allowing the parasite to evade the host immune system,

L N\
survive and colonise the intestinal tract. ST7 infection was found to induce the

v~

A
degradation of immunoglobulin A (IgA) and impair the eﬁithelial b?rrier in colonic
i y
epithelial cell lines (Puthia et al., 2005; Yason et al., 2019). Thus, this pathogenic
| @« Y1 ov*X
feature of Blastocystis appears to stimulate the secretion of pro-inflammatory cytokines
Y | T "

(Karamati et al., 2021). Recent studies have observed that Blastocystls ST7 activates

W
-\Y v
protein kinases (MAPKS) to increase the expression of promgalmmato[{cytokmes such
~ L,
as IL-6, IL1-B and TNF-a. Then, it boosted the effect of li opol{s_e}ccharlde (LPS) on
. Y N\ =

the nuclear factor kappa-light-chain-ei enhancer of actlvated B ceIIs (NF-xB) pathway
0 7 S

&

A

Meanwhile, Blasfcyswﬂ anc’ ST2 Were @ssomated with IL-6 and IL1-B

in the present study. These findings are con3|stent with past study highlighted an

A TN A )

increasing concentration of the cytokines IL- 6 and TNF-a in patients with IBS that

Ay NS N

infected with Blastocystis subty es ST1, ST2 and ST3 as evaluated by serum enzyme-

(Limetal., 2014; Teo et al., 2014)

- - (
linked immunosorbent assays (Azman et al., 2016). In IBS patients, Blastocystis ST1
L.,y ¢ S,
and ST3 were associated with IL 12 and IL-8, resulting in a low goblet cell depletion
rayy &

and pro-inflammation response (Yakoob et al., 2014). A low goblet cell depletion in
#both case and control groups in this study may be explained by the replacement of Th2
vactions with proinflammatory response. The low IL-12 levels in coinfection with

Blastocystis may be due to the immune modifying effect. This revealed that the
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Blastocystis antigen-activated the humoral immune response in peripheral blood

mononuclear cells (PBMCs), which could result in an inflammatory reaction and cell

AN

proliferation to confront the infection (Chandramathi et al., 2014). The e&essmn of

\"J

ST2 in IL-6 was observed to be significantly increased among symptomatic subjects

h
after 24 hours of incubation. However, the protease activity of symptomatic isolates of

L A\
ST1, ST3 and ST6 was significantly higher than ST2 (Karamati et al., 2021). Proteases

A
released by Blastocystis are reported to provoke the immune response'by activation of
i y
T cells, monocytes or macrophages and natural killer (NK) cells. These activations may
Y1l o *X
| o -
produce pro-inflammatory cytokines such as IL-6, IL1-f and TNF-a (P. Gurung &

~ P 7"

Kanneganti, 2016). A recent in vitro study showed that Blastoczstls mfectlon may be

\\ A V'
associated with modifications of the resulting microbial pathway §ane significant

< '3
changes in metabolic activities were detected. Blastocystis also has gut

N aA
immunomodulatory properties and can produce proteases that affect integrity

(Rajamanikam et al., 2023). ‘% Qc?
\ <</
These contrastin m@ugge’t tha I fer nEBIastocystls subtypes may have
Wi spe rrﬁl 4groups in the gut microbiota. The

a distinct relatlonshlp

association of e ut Jompo ition Escherlchla -Shigella belonging to
\

Proteobacteri a seryed spe fl;bll olonisation of Blastocystis ST7 in T2DM,

which pot eadst i |s§r(e certain Blastocystis subtypes like ST3, could

2.5,

contri St e develo erfr of Q,‘ﬁealthy gut. The pro-inflammation (IL-6 and IL1-B)

m e Ve as indicators in dys%sw of T2DM as well as the infection from Blastocystis

A@ es. Thus, further interventional studies are encouraged to specify the role of

Qstocystls subtypes in the gut microbiota particularly in T2DM disease
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Figure 5.1: Concept Map Integrati Commensal e@’ Pathogenicity aspects of Blastocystis from Various Studies and Current

s Research Findings
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