CHAPTER 3

RESEARCH METHODOLOGY 3 )

3.1 Introduction X
This chapter describes the research methodoloq%ach'w’\ethgybjectives
involving the study design, study location, study papulation samplin e' hﬁic') and
sample size. Furthermore, ethics approval, data colection ar}i EJ% Pl’QQ dure to
Y

observe the infection of Blastocystis in type 2 digbetic M (T2D atients and

non-diabetic individuals in Malaysia are @L
the data regarding the infection of sz%lis ahi

—
S5

NP

A compa@oss-i tud;@é&é conducted to evaluate the Blastocystis
subtypes di %tion /n “%iﬂ'row;}? among diabetic patients at the Endocrine
Clinic %e'r Cﬁnﬁj iver%z. \Kebangsaan Malaysia Medical Centre, Cheras,
Kua&mur. There were nkéafoups involved in this study: individuals who were

@d with type-2 diabetic mellitus (T2DM) and individuals confirmed to be non-
ia

q etic (NonDM). The stool and blood samples were collected from February 2021 to

ovember 2022 for both groups.

a5}

ethads Used to analyse

o
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Then, the samples were processed and analysed in the Faculty of Medicine and Health

Science Universiti Sains Islam Malaysia (USIM). The following lab testvwe

performed in the Research Laboratory, USIM: %\
1. DNA extraction and polymerase chain reaction (PCR) Y.
2. Pro-inflammatory Marker detection by ELISA \,

The following lab test was performed by Apical Scientific ;d: '

1. Next Gene Sequencing (NGS) using 16RNA \d' \Y'
s \,‘Z*

3.3 Study site and rationale \l {\
This study was carried out at thti u%

(PPUKM) and Klinik Primer UK %ab S @cted in USIM. PPUKM

“« Q-
and Klinik Primer UKM Were% due to ecti@! sample collection because
N
these centres are the pri aRi.nH tertiary refe {al itals respectively, for diabetic
Tha

cases in Klang Valley. ste' i\ﬁjyable in these centres with specific

times for the appq‘@s. S ,lwe could co ously get potential patients from these
centres. Furthcm\hﬁ b(jf facilit s?&er ed to each other and used a similar system
i

fordataa&n, diabetic man eﬁﬁnd care.
‘v’

&JQt Perubatan UKM




3.4 Study population

The study was carried out on individuals aged 18 to 65 years old wo\Zere

diagnosed diabetic type 2 compared to the non-diabetic group. In this stu paE&ipants
in the diabetic group were individuals diagnosed with type-2 diabete itus (T2DM).

They needed to have been registered at the Endocrine Clinic OW r Clinic for at

dw cancer or any

e, the st not take any

by Ith
e Siea

professional. The diagnosis of diabetes mellit ad been‘.s reened a "o\rding to

least one year and had no history of other chroni

immunodeficiency disorders, except for diabetes. Furt

antibiotics in the three months leading up to their recauitment, as 1onfi

Malaysian Diabetes Association criteria where tR parti \m\ ere bgwe assified as
weQ rrently taking

diabetics if their HbALc >6.3% (>4@£|)
S

medication for diabetes.
selegted frzggn unselected population
undergoing routine health x thls e health @ and from a community that
£
mm@l), who declared not to have T2DM

has the same sociodem% ;
C me ions. Table 3.1 shows the inclusion and

!
exclusion cri (&)r bof T‘ D a‘d @‘FbM groups.
< b. S
‘v’ {.é\

The non-diabetic group

en‘idsa‘fied from the community as non-
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Table 3.1: Inclusion and exclusion criteria

Inclusion Criteria

Exclusion Criteria

Aged 18-65 years old

Ability to read and write in Malay or
English as a subject’s information
form was provided in these
languages

T2DM group

FBS>7.0 mmol/L or HbAlc>6.3%
(> 45 mmol/mol) within 6 months
Received any diabetic treatment and

T1DM/GDM/Secondary di eé:
Suffering from any chr. sease
m% idney

and complications;
disease, thyroid,

canc
gastrointestinal diso%ﬂe to recent
acute gastrogenterit (AGE),
inflammatory bow drome (IBS),
disease (IBD)

S
i y r'atric urgery
Received any antibioticsor rdbiot'{c'in

medication during time of study onths/prior cruitinent
(Metformin, Glizlzide, Sitagliptin, e P nt and breastfeeding _~
Pioglitazone, Empagliflozin, ivéd any+psychiatric medication
Repaglinide, ~ GLP1  analogue, e Mﬂbiliti sy(Wheelchair
Insulin).
Non-Diabetic group \:'> é
e No chronic illnesses % \ ,{k
' \‘”
? [} ,
“« Q-
N RN
N

85



3.5 Sample size calculation

The sample size was calculated using two proportion values. Using thEpl

software with a power of 80% and confidence interval of 95%. The pr or of the

diabetic group (57.14%) and the non-diabetic group (35%) from a st that was
conducted in November 2020 at the Endocrine clinic, Pusat Perubatan UKM. The total

sample size would be 208 samples and has been divided int 10 les for each group
(Calculation as shown in Appendix 1). '
As calculated by Open Epi software, the mini ample size i tt“s@ was

87 per group. However, 20% was added consi

here Wpractlcal
\ %

, drr@;r refusal to
give valid responses to questmf\&)physwal su@stwts (Suresh &

issues during the research such as loss to fo , mi

QD

Chandrashekara, 2012). So, the ab sample uI be‘iﬁm per armed and the
S
total number of this study wou am Ies Qi:)
\ \\%

Y

Sample size per arm +17 (C(,mde ng 2 opout of study participants)
ol (-1

Total subjects r %d: Dlalie
&
Final sampleemﬁ = IO&}%ﬁF' c,)o
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3.6 Study sampling

@D

In this study, the participants were approached conveniently (Figure 3.@{ th

diabetic group, the lists of diabetic patients who were attending appoint (gand had
been registered under the Endocrine Clinic and Premier Clinic, Univeggsiti Kebangsaan
Malaysia were accessed. Therefore, within the study period, all pQ'eW ere invited to

join the study conveniently based on their easy accessibility a ailability that met

,who'qt develop

any serious disease and were excluded from the diabetic group criteria, ' egngo'sen
Q,

voluntarily from the daily routine medical che%e c‘c.)m un aro{n}l Klang

Valley and the area that has a similar sociodemographic \fhe\ beti g;@’p until the

targeted sample size were achieved. The @\sbﬁlita 1 (Appendi as distributed

to invite the volunteers to participate in thisistud \
% )
[

S

Pusat Perubatan Universiti  [%/| Klinik Primer
UKM

-~ 4
/\\ =
Patients who were attending the
¢ | appointment and in the lists of
I P diabetic patients
y) ‘\(-’

J Convenient sampling

based on their accessibility that
met inclusion and exclusion

(o
&
‘%\ citeri
S

the eligibility criteria (Refer Fig. 3.1). For the non-dia

Join study
voluntarily

Figure 3.1: Flowchart of convenient sampling
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3.7 Methodology flow chart

Start

l

Cross-sectional study

l

Recruitment of eligible participants with
informed consent

Convenient sampling

(n=203)
v
HbA1c
(glucose
control), years _ T2DM (n=102) Non - DM (n=101)
diagnosed &
medication
Sociod hie, :
Selo emngra? e Stool for Blastocystis
Anthropometric & : T
t : identification by PCR
Gastroinstestinal symptoms
Convenient sampling
(n=100)
T2DM Blastocystis positive T2DM Blastocystis negative NonDM Blastocystis Positive NonDM Blastocystis Negative
(n=25) (n=25) (n=18) (n=25)
Stool sample for Gut
Microbiota
Bioinformatic analysis
Discussion
End
4
v

Figure 3.2: Methodology flowchart
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3.8 Study procedure

3.8.1 Data and samples collection \z

Participants were enrolled in this study between February 20 ovember
2022. All the participants were briefed on the study's purpose and design. The consent

form and research information sheet were given to all pa:i'lci\!Fa before sample

collection (refer to Appendix C). The socio-demographic details obthe ['articipants were
recorded. In addition, the medication intake and clinical statlis WC patients
L ]

v

[
. UTey re adwvised to return the

sample within 24 hours after coIIectiO\%))llected S es v@transported in an

ice box to the laboratory immediatel(% fresh s@\fwgre epz}ated into several tubes
to store at -80 °C for molecular%.

For the blood samples,%about 10 l‘ of olo @each participant was drawn in
BD ac

a separator tube (eg, utai.K . Nof 6430) by using butterfly needles

(Terumo, 21°G) @d @ed t@t for 30 minutes. The samples were
N
centrifuged fc(bhinu satl m({,%pﬁendorf, Centrifuge 5430 R). The serums
were trans%vlmme lately into tubes and were stored at -20°C for further
’
analyf%e stool a bI€od Q}&Eimens were labelled with a code assigned to each
ici

q
(9]

«Q
[sY)
=
=
>

«
(%]
—
o
=5
[w]
=
@
Q
=
o
]
—
o
3.
2.
3,
[72]
(9]
o
o
>
—

e

paw , written in a comb}ration of a letter (“D” for samples from the Diabetic

‘%“C” for samples from the non-Diabetic group) and a consecutive number in order

OCOIIection.
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3.8.2 Stool sample processing: Molecular techniques
3.8.21 Detection of Blastocystis \z
a) DNA extraction A

The genomic DNA (gDNA) was directly extracted from 208 unfixed stool

ensure that the

samples using QIAamp® PowerStool Pro DNA Kit (Qiagen, Germany) according to
the manufacturer’s protocol. Firstly, PowerBead Pro Tube n t?

S
beads had settled at the bottom. About 250 mg of stool ddedjto f‘ Solution
T

CD1 and the mixture was vortexed. PowerBead Pro

was secur o'iz_c@ly on

mq% d fo@minutes.

0X'g fow\l minute by@:g Eppendorf
Centrifuge 5430 R (Hamburg, GermNan, the sup tan@gs transferred to a
g@ one minute at room

clean 2 ml centrifuge tube and Wascﬂifu
& N
temperature. Approximately 7 he supernatant w. nsferred to a clean 2 ml

microcentrifuge tube. 600 @Jti\l S ad@nd the mixture was vortexed
S

for 5 seconds. 650 pl s loAdell o@ an MB Spin Column and was
4 F &
centrifuged at 155§f0r 1 \te\ he fguhrough was discarded and 650 pl of
loa

the lysate wasa 0 B S olumn. Then, MB Spin Column was
50003

!
00 x'g for iﬁut&_‘l;ail the all lysates had passed through the MB

a Vortex Adapter for 1.5-2 ml tubes and vorte

PowerBead Pro Tube was centrifuged at 1

«Q
@D
o
g;{
o

recentrifuge
NN
Spin Cz% e MB Spi olumﬁas placed into a clean 2 ml collection tube.
% C-}Y.
% that, 500 pl of Sﬁution EA was added to the MB Spin Column and

uged at 15,000 x g for 1 minute. The flow-through was discarded and the MB

Qn Column was placed back in the same 2 ml collection tube. 500 pl of Solution C5

was added to the MB Spin Column and was centrifuged at 15,000 x g for 1 minute. The
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flow through was discarded and the MB Spin Column was placed into a new 2 ml

collection tube and was centrifuged at up to 16,000 x g for 2 minutes. The

Column was placed into a new 1.5 ml elution tube. 50-100 pl of Solution C@dded

to the centre of the white membrane filter membrane and was centrifu 5,000x g
for 1 minute. The MB Spin Column was discarded. The final DNiwas ready for

downstream application and was stored at -20 °C until requireq M amplification.

b) DNA Quantification .\d
DNA concentration of each extracted DNA§was quantified doy reﬁd’kﬁa' its

N
| &
absorbance at 260 nm by using a nanophotometer en Nan‘gp otometer) ity was

determined by calculation of the ratio of absorbaie at 2

nm. Pure DNA showed an A260/A280 ra%y

nm must be within 0.1 to 1.0.

O)
c) PCR Amplification Usir% i
Primer for PCR ampli 'mwa
Singapore). The samp%?Zeene
rDNA sequence fr e sa
have been desc&bl

accordingly beforePCR am

C
NN
? <
: 4a%§6’.2: RD5 and BhRDr primers

imer  Orientation Target™ DNA sequence (5’-3°) Length  Melting

px gene (bp) temperature
Forward SUrRNA ATCTGGTTGATCCT 20 56.2 °C
0‘7 (18 9) GCCAGT

RDr Reverse SUrRNA GAGCTTTTTAACTG 22 53.2°C
(18 5) CAACAACG
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PCR amplification was performed in a final volume of 25 pl in 0.2 mL PCR tubes
using Eppendorf Pro-S 6325 thermal cycler (Hamburg, Germany) by 30 cycles OWI
denaturing at 95 °C for two minutes, followed by denaturation at 95 °C fo \)nds,
annealing at 60 °C for 30 seconds, extension at 72 °C for one minute aﬂﬂ*ddltlonal
cycle of five minutes chain elongation at 72 °C. The PCR productsWeparated in
1.5% agarose gel. Positive control was obtained from a clinic I en from a pilot
study at Endocrine Clinic HUKM which has been confirme %

to stls -positive by

IVC and PCR, meanwhile, the negative control was nuc -fre w\u\d

\
| S
d) PCR Product Analysis Using Gel Electro esis
&

Agarose solution (1.5%) was prepared by glng s of arose (Simply,

USA) to a 250 ml conical flask contamm@’lx r (1@ se, Singapore).

The agarose was heated in a mlcrowave oV Pan@ Iay&Qt high temperature

ﬂ

for one minute and 30 seconds. It E 0 99 0a m@ﬂly 50 °C for 10 minutes.
Subsequently, 5 pl of Ultra GU{ Stain e, C&ﬁ@) was added and mixed by
swirling. The agarose SEUtW onied i S\%uld fitted with the appropriate

comb for moulding the agar eg wel e‘b&()qyas left at room temperature to fully

solidify for 30 mi tes d @(erre a gel tank containing 1X TAE buffer.

Then, an allq to e ul of 6 ‘gl'loldg'ré dye (1% Base, Singapore) was mixed by

repeated W|th od each PCR product on a small sheet of clean
’

para f| AFILM SK) E§€ﬁ mixture was transferred with a micropipette and

w mto each respectlv\well of the agarose gel. As a reference for molecular

‘%\/e pl of the 100-basepair DNA ladder (GeneDireX, USA) was added to the first

OII which has been usually designed as a reference. The electrophoresis was

performed at 90 V (Major Science, California) for 90 minutes and the gel was visualized
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using Gel & Blot Imager- UVP ChemStudio PLUS (Analytic Jena, Thailand). Gels were

photographed using a camera to fix the transilluminator.

e) DNA sequencing : )
The samples were sequenced by a commercial company wi e Applied
Biosystems DNA Sequencer instruments. Then, sequence chromatograms were viewed

using CodonCode Aligner (CodonCode Corporation, USA)\Forward and reverse

sequences were edited, and manually aligned and the S w@ for each
@
sample. \Y.
| O
f) Identification of Blastocystis Subtypes Ie\" \T

All the partial SSU rDNA sequences“ebtaiped fm"n S encin@‘g& compared

with previously published sequence\(omGenBank
(http://www.ncbi.nIm.nih.qov/blast%wtificatl\i%e

sequence query into the “Blai% ST a88) d M@- ocus Sequence Typing
(MLST) https://pubmlst.or \ §
N
4 &

sin@ﬁ:ASTN program

&ﬁiés was performed by
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3.8.2.2 Detection of Microbiota: Metagenomics of Gut Microbiota

X
O

a)  Genomic extraction

Sample preparation

'

DNA extraction
T
ac *
DMA sample QC
- DNA
l purtfication

Amplicon PCR QC
!

Amplicon library *
preparation 1st stage PCR

[ .

PCR clean-up 1

;

2nd stage PCR

:

PCR clean-up 2
I

ac ‘l

Library QC
I

Sample loading ;
Library normalization,
pooling and

denaturation

.

MiSeq sequencing

Figure 3.3: Flo or 16S Amplicon Library Preparation Workflow
c—)E 1 N
4 ¢ &
For Next &gﬁn Seﬁue\g (ch?s{oo samples were selected from an
initial 203 bas &% o criteria;
extracted % of t

¢
% 208 s
only 2 ples fro Jndi

cho NGS. In the non-daﬁbtlc (NonDM) group, only 18 samples were available
@e used for comparison. Additionally, two Blastocystis-negative groups, one
@ T2DM and one from NonDM individuals, followed the Blastocystis-positive

groups in the analysis. Despite the unequal sample sizes, this approach was necessary

iitive@ection of Blastocystis and the quality of
F)'Ie.i_% were identified as Blastocystis-positive, and

v@s with type 2 diabetes mellitus (T2DM), were

due to the limited availability of Blastocystis-positive cases in that group. The sample
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was further analysed by using an amplicon library preparation workflow as shown in

Figure 3.3. Yv
N

Firstly, stool samples were thawed and transferred into a 2ml PAwerBead Pro
Tube. The genomic DNA (gDNA) of 200 mg of each homogenize ample was

extracted by using QlAamp® PowerStool Pro DNA Kit (QiagenhGermany) according

to the manufacturer’s protocol. Then, the DNA purity was Wred using Implen

Nanophotometer and was performed agarose gel elec

protocol with some modifications.

O
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=
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A

b) DNA Quality control and Library @ons ctioY for-Next Sequencing

(NGS) (q
A total of 100 samples of purifie% w subT d t& ical Scientific Sdn.
Bhd. for 16S rDNA sequencing. c@)wwg%) quali ’Kontrol (QC) along with
o
16S sequencing were perforMEhe ser videNl\%ts shown in Figure 3.3, the
: . N :
quality of gDNA was fi de after the'gxtrac tep. According to the protocol,
DNa/v

N

|
?%(E-}@garose gel at 100V for 60 minutes.
This was run alo@b la oler and?positiyé~control (50 ng of bacterial DNA). The

N
i{l' rre%rfred using a spectrophotometer (Implen

NanoPhot N60/N50) a jéé’émetric quantification using iQuant™ Broad
4
ati

Ranxw« Quantif dﬁ K\if/?'Then, the purified gDNA that passed the DNA
e

<,
samgkq ality check was seqhenced for Bacterial 16 rRNA amplification of the V4

Zs

aliquot of 1ul diluted g a

concentrationfof NAY wa

£y

‘%to profile gut microbiota composition by using PCR primer pairs sequence in
onle 3.3. All the PCR reactions were carried out with REDiant 2X PCR Master Mix

(1% Base, Singapore).
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Table 3.3: V4 region profile of Bacterial 16 rRNA amplification

Region Amplicon  Name Direction Primer sequence (5°-3°
size (bp)*
V4 292 515F Forward CCTACGGGNGG

806RB Reverse GACTACHVGG
aMean amplicon size shown for hypervariable region amplified plus PCR primers

All the samples that passed the amplicon PCR quality cw;re eligible for
amplicon library preparation. There were two stages of RWrary construction

based on Figure 3.3. In the first stage of PCR, the bacten SIRN !gen f selected

regions (16S V4) was amplified using Iocus-spewers with o h?ng‘a&{ers

(Forward overhang: 5° TCGTCGGCAGCGTCA GTG”J‘;A A AG@G and

TGFG oA

Reverse overhang: 5° GTCTCGTGGGCTCGGAG TAT AGACAGQG)

according to Illumina’s 16S metagen@ preparation glé‘(line using KOD-

Multi & Epi® (Toyobo). Then, dual,indice tacT tLre(amplicon PCR using

E’Q A

Illumina Nextera XT Index kit IHUmipa, San iego,@, USA) following the
“« Q-

manufacturer’s protocols. Th ality of théeli arie&is measured using Agilent
N

Bioanalyzer 2100 Sys bRAgilent,DN 1000 (Agilent Technologies, USA,

t igrary

Santa Clara) and qPCR by-JetSe M{ 6@Q1ification Lo-ROX Kit/fluorometric

quantification by@e LnTM uanti\l Reagent (Bioline Reagent Ltd). The
libraries that @%&the ibv?glweie&ﬁen normalised and pooled following the

Illumina %(bef}gﬁ b@ito next-generation sequencing (NGS) on the
HMumi pﬁe@q platfor witﬁB@TE (San Diego, CA, USA).
S S
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c) Bioinformatic analysis

T~

Alpha diversity |

[« Indices:
- Chaol, Fisher, Observed, Shannon, Simpson

* Rarefaction curve

Paired-end Pre- Clean Denoisin Taxonomy Diversity
reads prucessmg raw data ¢ assignment analyses Beta diversity

* Indices:
"] - Canonical Correspondence Analysis (CCA)

+ Adapter trimming * SIVA 132 Phylogenetic - Multidimensional Scaling (MDS)
* Quality assessment ¢ EIE G2 analysis - Non-Metric Multidimensional Scaling (NMDS)
- Principle Coordinate Analysis (PCoA)

* Distance matrices
Unweighted UniFrac
Weighted UniFrac

Figure 3.4: 16S Amplicon S?Ming 'alMipelh%e‘
According to Figure 3.4, sequerix%)he reg Win St
Y

using a pair-end (PE) lllumina Mis lat r%?ra féQObp raw reads. From
w-quality_reads w \removed using BBDuk

wer and‘.\mg(ged using the Quantitative

was performed

the raw reads, sequence adapters a

(version 38.76). Then, the raw

Insights Into MicrobialCcoIo (QIIME2) a Iypis@ﬂam (version 2019.10) (Bolyen

etal., 2019). \" “é/
FoIIOW| t the IVIS pllc()enmsmg Algorithm 2 (DADAZ2) pipeline
(version 1 sed o0 depoise, t@ove low-quality regions and chimeric errors

to obt ‘@amph& y%nc riant (ASV) (Nearing et al., 2018). For this,

x S were ellmlnated@ combining identical sequencing reads into single
e

s. Chimeras were removed before taxonomic allocation. The quality control of

0 ADA2 output was analysed and visualised using MultiQC before downstream

analysis to ensure data accuracy and reliability (Figure 3.4).
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Next, the taxonomic assignment was completed by using DADAZ pipeline that
comes with a naive Bayesian classifier to classify large sequences across multiplvﬂn
from Kingdom to Genus. It compares a set of taxonomically assignec}nces
provided from formatted reference fasta files databases such as SILV ibosomal
rRNA database and makes individual taxonomic assignments (CellahYZKZO). SILVA
database was used to analyse the sequence variant (ASV) rﬁ-' recommended

parameters at a 97% similarity threshold (Xue et al., 2018 e Iass'flcatlon level of

phylum up to the classification level of species and the™distributi on am of the
[ ]
relative abundance was generated accordingly. ' _\‘-}

M @é sequence

hms is pipeline was

Then, a phylogenetic tree was generated Dy first

alignment of the sequence using the ma(‘@g stTree

carried out in QIIMEZ2. Finally, R ph Io ack ew

_Q\er out the analysis

of microbial diversity. The alph i '% S req:)usmg Observed, Chaol,
Fisher, Shannon and Simpson rarefa i rve @plotted after samples were
rarefied to 20,000 sequenc r samp | was computed using distance
metrics ordinated weig%ﬂ% Uanrac by analysing using PCoA
(Principal Coordi \Iy s’ to the@ence or absence of dissimilarity of the

\

N
ASVs in betwexmpl ’ | c.)(-’
-ééJ
Y-v
&’

4

f&,

AQ’
'~
N
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3.8.2.3 Pro-inflammatory Marker Detection: Solid Phase Sandwich ELISA
(Enzyme-Linked Immunosorbent Assay) for IL-6 and IL-1p Quantification

The levels of IL-6 and IL-1B in the serum were determined using E% nce
Human (IL-6 and IL-1B) ELISA Kit and were performed acco bﬁo the
manufacturer’s protocols (Elabscience Biotechnology Inc, USA iefly, all the
reagents including wash buffer, standard working solution, biotigylated detection Ab

working solution, HRP Conjugate working solution were rep@ﬂccordingly. Then,

ined. 1 O'ul eagh dilution
of standard, blank and sample was added into the ropriate eM:IQRWaS
covered with the sealer provided in the kit and wzé:&atef. f jn!gé}? 37°C.
After that, the liquid was decanted from each WW W M mme iqv\ery with 100
ul of Biotinylated Detection Ab workingw t . Th é was covered

the wells for diluted standard, blank and sample were

o

with new sealer and was incubated form at 3& olumgvas decanted from
Cf) A
each well. & q
q Q—

Then, 350 pl of wash Bras ld toleach @ The solution was soaked for
1 minute, was aspiratet% h We‘l‘l

This step was rWhree ltl : gﬂer washing the plate, 100 of HRP
soluti 38(

d against clean absorbent paper.

‘g

Conjugate worki tion 'd to EJ well. The plate was covered with a new
¢
sealer and s%)ate for iﬂ'ut@ 37°C. The solution was decanted from each
% NN
h step’ awaﬁ)uffer was repeated 5 times. After done washing

e

step. of Substrate Reage@és added to each well. The plate was covered with a
n Xer and was incubated for about 15 minutes at 37°C. Then, 50 pl of stop solution
added to each well. The stop solution changes the colour from blue to yellow. The
icrowell absorbances were read at 450nm by using Infinite® 200 microplate readers

(Tecan Trading AG, Switzerland) to determine the optical density (OD value).
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Cytokine levels were determined with the help of standard curve and concentration were

X
N

_{'3

b 4

expressed as pg/mL.

3.9 Statistical analysis

Data was analysed using SPSS software (Statistical Pack for the Social
Sciences) program for Window version 25 (SPSS, Chicag t), Data entry was
cross-checked by independent individuals to ensure corr ata e tW&nce rates
of Blastocystis in diabetic patients and non-diabetiCgroups jwer. e'er@d by

descriptive analysis. The continuous data was d % ts8tandardrdeviation
ian :inte

(SD) for normally distributed data and mluar ran R) for non-
normally distributed (skewed) data ar@alitative i Ies@e summarized in
frequencies and proportions. For a%tinuous gn pz@“i'ty assumptions were
evaluated using the Kalmogoro irAoV an% Shapire Wi \earson’s chi-squared test

and Fisher’s Exact tests %\;sedjt assess t@ssible association between
dt

Blastocystis subtype ir% ng‘t' ét@ variables.
&
@

A student’s Mrm dMm hitney U Test (non-normal data) were

conducted to ee\a&e the m

T2DM anQEM infthe ’re nc Blastocystis and without Blastocystis using

4
valuesf&from the ver{ity indéx by using SPSS. ANOVA (Analysis of Variance)
rn

h

(¢]

%

erm&’ in alpha diversity and richness between

HY

S

te& mal data and Krus%‘r Wallis test for non-normal data were also conducted

mparisons involving more than two groups with Bonferroni correction.

Orrespondingly, the beta diversity measure between study groups was analysed by

using per Mutational Multivariate Analysis of Variance (PERMANOVA) test by using
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MicrobiomeAnalyst (version 2.0). Probability (p) values p < 0.05 were considered to

indicate statistically significant differences. Y*

Additionally, the taxonomic data was expressed in prevalence (%) @tive
abundance unit by using SPSS and the bar chart was illustrated by uﬁ&xcel. Th

e
significant differences in bacterial taxa among the Blastocystis{ infection and
Blastocystis free groups in both T2DM and non-diabetic were de ined using the
Kruskal-Wallis test and Mann-Whitney U test for compari ever"the two groups.
Finally, the Spearman Correlation test was conducte the sw between

o
inflammatar cjtol{n}s (IL-

s illustr Pm@ﬁ. The p-
Falsé;zs;overy Rate

Blastocystis infection, and microbial composition wit
6, IL1-B) by using SPSS. The heatmap correlati
values of gut microbiota composition wer

(FDR) by using the Benjamin-Hochb&oea)d in Phy crip@‘érsion 3.90). Any
taxon showing significant differercgjadjuste \aWe @5) between different
N

conditions was associated With%ﬂtionﬂbein er\égtﬁke T2DM.
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3.10 Ethics and protection of subjects

3.10.1 Approval of Institutional Review Board \z

The study protocol which involved stool and blood collection fﬂ;@ diabetic
patients and non-diabetic participants was subjected toQapproval by

USIM(USIM/JKEP/2020-82) and UKM (UKM PPI/111/§EJE -2019-848) ethics

&
: ﬁv‘"
4 \)‘T

Before stool and blood collection jecﬁs\ we expl@ briefly the

committee (Refer Appendix D).
3.10.2 Patient’s information Sheet and Consent

procedures, potential risks and beneNa study. wer@ﬁ'ormed that their

identity and personal were kept str%onfidenﬁf&s a(ébne by labelling each
S
sample with a specific ID inste% 9 @n

e. During the meetings,

study parti¢ipant
the aim of the study was d %o pti S0 thei@'dians and their participation
o

is voluntary and there% coul‘q 3‘\/!/ hsa the study at any point in time

&
without giving any Ew Afte\[?eed t@ﬂicipate, their concerns were obtained

orm{?;&( Sheet and Consent Form were available

in written form (sign).Fhe
NG e
in English and Bahasa Melayyu. eﬁar@i ants were also informed that the related data
N
t

would bé enclosed fof }they@e interested to know.

&5

\An symptomatic diabetiﬁ)atients and healthy controls infected with Blastocystis

‘%vere cases were referred to treating for the treatment according to Centres for

Oease Control and Prevention (CDC) recommendations.

102



3.10.3 Management of sample collection during the COVID pandemic

Standard operating procedures (SOP) were adhered to by both researehersyand

}

participants, including the use of respirators or three-ply surgical masks, secial distance

throughout participant screening and sample collection within icipants, and

?‘E

interview sessions. All the researchers wore personal protective equipment (PPE) in the

é

clinical setting. Any participants who exhibited COVI -1Wtoms during the

screening process were excluded from the study. How; a Clp s who had been
infected by COVID-19 during the specified tlmefra were allowed t a'tld'ip{W'and
provide samples after completing their isolation Y:\

\/

Yv
@'“cf

°a NS
In conclusion, this chapte ovw a detai ed@erwew of the research

3.11 Conclusion

methodology employed to mN e the ce (&%kistocystls infection among
T2DM and non-diabeti ng "in 7{ alay alalg}wlth its association with gut
microbiota. By thoroughly discus n ue{/ gn, location, population, sampling

method and samp}% m hl)dolo fra rk for data collection, sample and data
processing bye%s seZeSaof a ybcedéés was recognised. Lastly, the data of these

procedure ubjected to'data agalysis. The results and findings of this study are
4
dlscﬁsne next ch ter’ X~

N
N

%
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