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The Application of Mitochondrial DNA
Variation Testing in Human

Prapatsorn Areesirisuk and Budsaba Rerkamnuaychoke*

Department of Pathology, Faculty of Medicine Ramathibodi Hospital,
Mahidol University, Bangkok, Thailand

Abstract
Mitochondrial DNA (mtDNA) is a useful genetic marker that can be applied in various
applications including the human evolution study, anthropology, maternal lineage identification in
forensic genetics, as well as the mutation variations of mitochondrial genes to predict the medical
diagnosis. The mtDNA mutation variations are collected from popular international databases
including GenBank, EMPOP, and MITOMAP used as references and mtDNA data comparison to

achieve the quality and standardized analysis.

Keywords: Mitochondrial genome, mtDNA mutation, Database
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Adue Hdnyazily double stranded DNA i
as | o a
danvaziunanan ansadiaesluanaddute

o & a ¥ =& A i
wazfuanzillsauldes Falimanszaeegly
TasTnwanasu mfﬂuLclsaéfn:ﬁ“luimaum‘%aa?u%ma
1szanm 1,000-10,000 g
Tuiinaded (nuclear DNA) finuiiiea 2 yAGe

LLﬂﬂﬂ”N‘D’IﬂﬂLE]uLE]

s ¥ uazd a =
1vad Meananiatisisuaniluinaeunsea
a = Ay a = a =
avuelunsain bismnsanseadueluiiinded
IWeedhsanysal 15u maanadegadinviden

A A = = I Y
damw vse bidiauelutiieded (Juau
Aunvedlulnasulass (mitochondrial
genome) HANNY1I 16,569 fiud (base pair)

S S 4 IS) d‘ L% |
wazdu 37 8w Uszneumedunoeasvadu
91518ueeneleu (transfer RNA: (RNA) 117U
22 gy {ulsTuTyiiaensidute (ribosomal RNA:
RNA) $110u 2 §u vazdlusiaveamsdaans
TsAuduIu 13 89U tWermnINNNaANau
TugdvesezaludulasWeaia (adenosine
ATP) lvuntwaa’'™
TuTnasuinsvandueiilnssaedaudadu Fig. 1

triphosphate:

-G o N A

miiddunsiugasaluluinaeunisafidue
IS} d‘ 4 4‘ N o

p1vimasunadld teanaiidanmnmegs

8663

Insnuhdanmnasveslulnaeuasoafnidue
ganhauetinadgdlszana 10-20 1 Jatioy
WumsAnmanudiuimaiiannms Fams
dheneamaiiugnssnvedlulnaeutaisadiduie
figdupumsdienealiduldmunguesinuiaa
(non-Mendelian inheritance) uatHumsenenen
ANBULUENITNAIULA (maternal inheritance)
rmumaloslnwanadu (cytoplasm) vaaisad
voaun uazdnonealldsgniudelunnaulaslais
miimﬁm%au,anLﬂéﬂuﬁuqﬂiiuﬁuﬁlﬁummn
oo nlianuuandveslulnasuiaioa
ﬂLauLa“luiuaﬂwamﬁﬁmuuwaumUmnmﬁwmv
niadorfulusiatfaiunnnavesnmsnaed

“9 4 annniunansgimsnats

(Aadlyifaa
d a = = ) a o t4
fiAnluduvesliinaouinIvamduooravil
ialsalAwuiu Rinrdnmsteneamaiiugnssu
[ 1 = a g = 3
AundvadlulnaouaIoantdue annvuIa
k2 o as s = G
doyaddumsiugnssnlualusmesluinaeuinse
fHvnalilvainnuazaslaiiumemalulagly
mymarduiugnssnludfedu ildansae
a ¢ o  a a a SV Ve s <
Tanzvaauiiiaalelnalaluaidusiag?
TuInaewassandutedatudnnilanieaning
1] Vv

maiugnasn lemhindszgndnamedums
AnEIMITIAMS (evolution) MYBEING
(anthropology) ﬁﬁﬁuqmam% (forensic genetics)
wazmsunndiioItadelsaniianamsnaieved

gululuinasuasvanduelédusgad
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Human Identification
HVR1 & HVR2 |
B BOR

LHON
m.14484T>C
o m.14459G=>A k

Mitochondrial Cardiomyopathy i ups
;‘,d-; m.12530A>Gl--------------

Control region

Han

Usziidds 813839y uaz ywn gaddnelya

P Hpe

MELAS
m.3243A>G
m.3271T>C

LHON ‘&
---------- | M.3460G>A
1

1 §
=== - - {m.4320C>T ?a‘?
Mitochondrial

MEND2 Encephalo-cardiomyopathy

LHON H=—=
B MATT78GA |- e m e - o
MT-ND4
MT-ND4L O .
----------- Im.6413T>C
- Complex | subunits glitncl;]orlldrial "th
ncephalomyopathy
- Complex 1l subunits MT-CO3 : i, D
MT-ATP&: o &
- Complex IV subunits : MT; ATPR'L K MERRF
L Teemmeeeeeee o= M.8344AG
Complex ¥ subunits a NARP o
i i.. MBB9IT>G/C
B e - m.9176T>G/C
v Leigh disease
I -

Fig. 1 Mitochondrial DNA structure and common

v
2. E‘IJLL‘]J‘]Jﬂ'liﬁ'lﬂ\ﬂu‘UﬂHaﬂ'liﬂa'lﬂ"llﬂ\i
= =

Tulnneuassantoute

msasramasuiaale ndlululnaeu-

B a IS a 4 1 o
wiganuelvaemaia laun msmady
a = 8% a 14
nalenamemaiinusanes (Sanger sequenc-
ing) wazinalulad next generation sequencing
% 1]
: (NGS) wennnidsimatalminl¥anamngs
° ' Ao o = a2
mMurismsnaenddeveslulnasunivandue
o . 4. v -

waziinanemsnnelsansinzlaluanimen
) 1 a . . .
(39071 NAUA multiplex ligation-dependent
probe amplification (MLPA) Tﬂﬂnﬂmﬂﬁﬂﬁ
anIneAeIfuAe MsfnyANuaInrany

voaluvumsnaevedlulnaeuaisadidute

mutant regions for several applications.

sluvumsnenumumiimnaeadianudiey
Tagnsnumuniamsnavedlulnaeuiasea
Adute FaSsuiisudduihadlelndluluin-

N A v 4 Ay ¢
ADULATYAALOULBVDIAIDINNADINMIATIING U

o o

fudiduiiiaalelndlululnaeuiaivadidue
81994 (revised Cambridge Reference Sequence:
rCRS 1999; NC_012920.1) #isneaulag
Andrews uazaiz® Fauflugiluuudumisii
uanendlnndduinaalelndensds (fCRS 1999;
NC_012920.1)© wazsiiavesiianalelngi
wlaguly "luﬁﬁ%zﬂﬂﬁaashamiiwmugﬂuuu
minaevedlulnaeuaseadidue 3 jluvy

laun
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(1) MINMyUUULRNIZYA (point muta-
. A d‘ a a A J o ]
tion) Ao Msasustinvesiinalelnalusmuniia
T 1 thaale Indemnuniian 16093 luisna HVR
1 (hyper variable region 1) AmanareWugain
twa T iy € szfigduvumsideuldda
T16093C 16093C %38 16093T>C udu

(2) MsnatguuuvIAri1Y (deletion

. A a = o’d’ o ]

mutation) As Msnamelivestinale nanmumiv
¥V
T p1vzimsmelduies 1 wa vise el
NN 1 wd 1wy daalelnaduniian 249 lu
13 HVR 2 3mMsnanguuunamevadiud A
zigunumseuld dail 249DEL, 249del vise
249- (Judu

3) menaguudaannn (insertion
mutation) Ae M3tNiIAATe Il luaéu
a2 o 2 = A X 4 o
ADUEMUNUITY FI01VNNVULIRYITIUIU
1 wd visennnn 1 wa nifusiaderdu vse
wasartaiufle wu deale lnasuniian 309
TS HVR 2 fidéuihaalendenads fe C

1S Q' o IS S)

UANMIIANTIIU C 3 1w aziizluumsiveu
1861911 309.1C mnAMIEIANTIUIY C 31 2 wwd
igluuumaeulidail 309.2C Tngdaunas
muratinalelndniiamnalgazuandsnuIu

] ] k4
thaalenanuuau> "
<YV
3. madszgndtveyamsnaslululnaeu-
= =
LAY LOULD
NAMINeNUNLIMINYeyadidy
a = 's -~ oS 4
nalenaveslulnaeuiaivaaiduenszyna
agnaunsviaelunuideviarsdu Falunuide
' Y Y] A
udazmuazlfluvumsnsnunduinasgiu
= o = ° 2
Wedy Ingo1avsianudmnziazaaxnnyuly
1anenuue wlauasuwlasnn@uinntin Tae
IS4 o as A 1 |
ndedrfiavsevadrlumsnsnuluudazsduuy
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¢ = o
vaamslszend Fagduvumsnesnundne
unsneanugduyuduridanisnaisves
Tulnasutasvandutatilatssuisufiuaiduy
a ) Y a 5! <Y
inaalelnagiade Tasimslszgnadeyaniu
nanaraeuedlunAsLLATARBULDRENIUNIIANY
. X
$lail

3.1 ﬁﬁﬁuqmam% (forensic genetics)
namsnluvumsnangvedluinasu-
(w3zanduelANNIMInviany (mtDNA polymor-
phism pattern) M IE1NBAMIRUFNITHAIULL
Tugannanu Tnammzdrduinadlendluyinn
. =
AIUAN (control region) vadlulnaouiaiea
a g Ao 1A A = '
ALueNNEATIMINMgINUTINEY (3enT
hypervariable region (HVR) 13 vina ldun
HVRI1, HVR2 waz HVR3 #i38 (3en11 D-loop
. X A s
(displacement loop) UBNNUMINUADLLTANN
o = a g
U copy vedluTnasuaivantdutanielu
¢ o o q Yt ~ o
wadudnuinn ldnlemeanazanae luln-
a A o oA A
ADULATHAALOULD BBNVINGIDLIINLTONANIN
s ] 4‘ 1 Cd 14a = a k%
mamm“lmuyjimua:"lmmmaaamamﬁ:wﬂlﬂ
a a a = g A
mianaigullunaeuaseaddue Jududn
d! aa o o‘d‘ o X
niamanadeumaiaiugemansnixnlylums
a 4 s Cé a S ¥V
Wgnitendnvalyana Tagainsndnnzilann
ANuaNvianevadiinaale lnanusna HVR 1
waz HVR 2 Jueehaties™® ndnmsuanaves
maayaiga lunAeuaisandue dendnms
d‘ d! A g ) Y] =
NyanagiduwemeINNNMINIALALIAUZE
o o A A ¢ A A ~
mautinalelnavedlulnaeuinisanduw Naoa
vsnadananliuansmadu® ”
WUUMINSNUNAVBIMIATIVIATIN
Tulnaeuessanduelunuifineenaasinny
o as I 1 4 Y
dfydhuegana sUuuumsnsaudedlanasgu
=) I 1 L4 a wva v
wazansatSounsuserniavesdgiiansla
Tngusazieslfiamsfesivanmsnenunamu
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tbUINMY (guideline) wa4 Scientific Working
Group on DNA Analysis Methods (SWADM)"”
wielrimsnsnumuninazgduyymsnenu
d‘ v v =

wanasaiu lanaspuuazaninsaSouieuna

a 4 9/:; zu 5! 1
msanangallamlan wenaniifadinenui
yanNAUSI HVR1, HVR2 waz HVR3 ud?
o AA d'

fafiguneg U3 coding region NlEnIIe

uanld WU ND4 waz ND5 #lvis power of
discrimination ln&tAgafiu HVR1 waz HVR2®
= o v A o
Faansnsarnlfiduiaerineiugnssuma
[@onuatiuaNuannsalumsngaiiondnyal
4
ynnala
Tuilgiumalulagmamaéivensiiugnaa
T@sumsianedianaiihldnmanas il
Y
~ o X 2 ' 1
imsinalulagindszgnalunuea q nndu
HuiamsliluInasuaisadduelumsngan
v o e 2 Aa 210, 11)
aNNdnRusMeaneInsanunfionsnniu
UBNINHUTONANNNNAINYAI1VBIYATIA
thralelnduedlulnaoueivanidue (miDNA
haplotypes diversity) voupazlszinaiaNu

9 o

IS @ o 1 J
difguaziitendnyalludszrinsudazngu
=S A s 1 o !
simIdanguiluuy haplotype Tagd1uunngs
dszmnsananudundsvesiiindlelndly
Munuade q twedAnIANNTItWIZYBINgY
Yszannsluudazgiiendaiiendt haplogroup
dmiveduieAn W1V IdITHUTNTIN
voanguiszangdndis msfnmANuTIIn:
voalszmnsvesudazdszinadelianudidguas
IS £ a L4 @ 4 1
ulszlemilumsananigaiiendnualyana 3
lunsaimsmumynanagyme Feludszmelne
1@imsfAn®IMa haplotype waz haplogroup lu
nguiszannsneifagiiu (modern Thai population)

Han

Usziidds 813839y uaz ywn gaddnelya

%3 haplogroup fiwuxnigane Fla wazwuly

fdudaan 1dun B5a waz M7b enuddu?

1 IS

Tay haplogroup @4na1? AANUAULYTUDS

tndlendluduviandumzlunguiszanns

1 1
Y =2

IS [ N 2 a g 1 ¥
loeaziueeniaedld Faigimaninedlnd
Uszinelngdnine uennnil Uszidds uazams”
1@fnwn haplogroup lunguilsznnslneifagiiu

Y o Y B Q< 12 1
wazlmihdeyalulnaewassadduiedanainly
wauwsTugiudeya EMPOP Faill1gselowd
lumsaasauazifSeuioududeyaoula

3.2 migytﬁmn (anthropology)
a |
Y¥eINY1 (anthropology) t1u
msfinunsIfudeyanypduazdnyiTannms
Sk A A A A
voauypd FaEuumslylulnneuaisadiduely
MIANEIMINIYBEINGIFIUATATAAFNI1Y
1987"Y doanmsAnyunafuiugmanissdu
Tutanauaziiugednddszans (population
. 4 A Pl
genetics) vodluInaeutassaddutenyydly

< (14)

a 1 a‘; 4 Q' 2!{ ] o 4
AUMAAN 9 mlanlamuiuegenad in

IS ' A 4 o s o v
nmsdszgaalumsavAuanudusiusluudves
FWannmsuazluwilassadramagiismaninmelu
nguiszannsldiiluediad

arnvedluinpeuasBaAE LR TIINT TN
demanAnmMuyeIne dvangdszms
1w

- lulnasutaiedisiuau copy wn

d o v 4' o &)
meluaad Mlvilemanazadiaeluinaeunisa-
= o = ' 1= .
AtduteNdeg1anteIgiuAsI01vegly

4' 1 A dl a S ¥

anmui hiaviseldenamn nIATL 1A

- lunaeuaisaddueiITauinms
' o/ < & = d v oA & a I~
AoutnaTudenseuinsuduadueluiinded

vodn Immesiiandayyd
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- Mulnpoutasvadtduie liiia
genetic recombination waziinsaieneania
WugassurIuaousitiniy Mmlvmsudana
Tidudouviouatduteluiinnasd 111910
a = I'd = oS & = o o
taalendvedlulnasuinsoantdutaiainy

a d‘ = 1 ] 1
auAnnnlszmIiedimscteneannuilgan
gatiuanuuanddluszdviiinalelndszning
TuTnasuesuafdueUdILAazfipg1IvzdsNou
WFHudInNNuana1ave I Tannnsluudas
szangla>

o A ' Y] Y '

IAHANAITNADIINIVIIAUNY I
M3AnIANuaINMatsve I siugnIsuly
TuTnpeumisaddue faaansmhuszgndlu
MIduaIU MR LIANNENRUSVR BN
Iﬂsaﬂizﬂﬂinﬁﬂa‘lmmdﬂummﬂﬁ LazAIN
o o ' X A '
duiiussznnadszmasiununszninlasinszen
AUBUNGUAIT 9 FINNITENIINTEANTUN AUAY
WOANITNMIMIFInvInduARug luusaz
X dny X ga = o
nunla Mihulszndlngaimsnmndeyaves
ANMAINNAT18YBIATHUFNITNAIBLTUAY
Tagsinmsanvguluinaeutaseludiu HVR
saldasszdvlulnasutasoandutalud Tuy
vealsznnsngudne o luifaiiuvesszinalng

IS a o d‘@ 1 d?vl
wazilamIdenAnnguiszannsluna laeiing

. dow , .
wuuuunlaemsnlsme @y agulszmnng
unamlimmnasznala-nzla visemsduunlay

4' (2 [ a d‘?J ]
msnlngulsznnslunaumugimanauny wu
TuFes 9IuMInnlasanszanlunaeadugns

< A Y Y A
wazgaannyaAululszmelng Meanusuile
o a v = a =
funsufathns Tagsdeyalulnaeuaisaniduie
d‘ v o == = = 2: ]
plavzinmndawivazilSeuneunaluudvea
haplotype diversity, phylogenetic tree oz

genetic distance 5IUM19M39@ haplogroup A2
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o YV 4#‘ $% s £ % a
hdeyanlamnysanmsiudeyamuinyyeine
szdaenans wazlunaaal 17
aa v <
3.3 muanglsalulnaaunisantdue
(mtDNA diagnosis)
lumamsunndanuialnfveadulu
Tulnaeuaseynliinalsalavianslsa Tagmme
Lo dd v
aghagalulsaninenvesnuszuvilszamuaszszuy
o X &
AAINLUB (neuromuscular system) Fafuszuy
=i|9/ £% s a a Qg
naedlindinugeuazmafiaanuialnavuey
dananoszuunaInulusame wazdananans
a ] v A a A a =
talsaneusald lsanannanuAndnfvesgu
] ¥V
Tulnasuassnnuluigiuiuinarelsn'™
Indeuarmeanudmundanisnairsluluin-
= a & 4; Y aa s
poutmseantoutenlgslunisIdanelsanale
FMUNLY UAazauUIvzILnzaalIntiuy 9 uaz/
G d' 2 s 1 1
vsatngIveanurateszuvlusiame wu lsa
Leigh syndrome (Hunnzaalndvesszuy
szannimenn FaAanNsNaIgvYRIaIdY
taalaIndusnady ATP6 15a Mitochondrial
Encephalopathy Lactic Acidosis and Stroke-like
Episodes (MELAS) (Junnznsauannluiden
eIINAUANIZAMBANBINALADA IZWUMINAY
o  a a =~ d a s < 1
yasardutianalelnausiiaeisidueaislon
k4
(tRNA) uananildanudn 1sa Myoclonic
Epilepsy with Ragged Red Fiber (MERRF)
& A a a A
Wunnzmsadeulmidadnduvunszganie
augnAnumMInatgveIdduilaalelnaus
p135tdueeelen ((RNA) wuiy lusnsanuilld
SwHumundsmsnaendidauazilinala
dauansly Table 1 waz Fig. 1 3adeuld
s o E% = a <
JalaseasdluinnouineanduLe LAz Lana
fmuntamsnats melisunsu biorender (https://

app.biorender.com/) Ingl¥¥eyanneniuneaiy
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fMuniamsna1s91n Habbane wazamz" 1iolv
wWhlaladeau
Z Vv [ 1 d‘ Yo
yanntd) Janunlsanwulavesly
sznnsill durtiiannanurRalndveatu
Tunaeuesela iy Tsawnvnu lsawsaudu

192D Flugy Falsamariiia

wazlsadalwsiues
Nnamsnanenevvziiumsnamelivesduluin-
= G IS ‘#‘ o A = 'S
ABULATEYI B NMTUNURMUUATIAA T8 InA1N4
o ' = = ) Ao aw
dunavesdululnaeuiais Mndeyaiminide
1 d’ 1 o = d’ =
Agueaunsnun Mstwunlsalulnaeuess Nda
a a ) = =
naanuAnlnavessululnaeuassiivianslsa

Tagawizag19galulsa Leber hereditary optic

Han

Usziidds 813839y uaz ywn gaddnelya

nwuinafigaludszinelng® > dfagifumsasie

o

meunuanisnateuealsaidalynismaisu

1
2 A 1

a = o ada I'4 | a
fanalalnalagisusatnassanentdunatia

A3 (gold standard) uslungulsaiiiisnumiia
4‘ a IS )
nnamsnargwulunatsduveslulnasuiase
o 5 Yad ' (5% 1 4
Aariumslisusaneseorvazhifuamnaeans
° 1 d' dl k% 4! o A a a
nunnmunianineIves Faludeiuiimide
waziaunaAlindy q et NNANNTIALEY
J 7] a 0 ¥
wazanalyanelunisnilvianei v zay
wu 35 multiplex ligation-dependent probe
amplification (MLPA)® wazuennnilfaiims
Wanngduuumsmarduwdli ldlSinasnauaz

neuropathy (LHON) #igthefioimsmieds  sadiiulasmalulad NGS® dudu
@euwdu LHON siulandulsalulnasuaion
Table 1 Mitochondrial genome mutation and disease.® 1922
Disease Organelle Symptoms mtDNA Gene
mutation
region
Leber’s Hereditary - eyesight loss, starting m.3460G > A ND1
Optic with painless blurriness
Neuropathy (LHON) eye - vision loss occurs m.11778G > A ND4
because the cells in m.14484T > C ND6
the optical nerve die m.14459G > A ND6
Neurogenic Ataxia neuropathy m.8993T > G/C ATP6
nervous
and Retinitis
system
Pigmentosa (NARP)
Leigh syndrome central progressive neurological, m.8993T > G/C ATP6
Nervous seizures, poor sucking m.9176T > G/C ATP6
system ability, loss of head control

and motor skills
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Table 1 Mitochondrial genome mutation and disease.® 1922 (Cont.)

Disease Organelle Symptoms mtDNA Gene
mutation
region
Mitochondrial lactic acidemia, epilepsy, m.3243A>G  tRNALeu (UUR)
Encephalopathy and stroke m.3271T > C tRNALeu (UUR)
Lactic Acidosis and brain
Stroke-like Episodes
(MELAS)
Myoclonic Epilepsy muscle and generalized epilepsy, m.8344AG tRNALys
with Ragged Red nervous ataxia, weakness, and
Fiber (MERRF) system dementia
Mitochondrial m.4320C > T tRNAlle
Encephalo-
cardiomyopathy
heart
Mitochondrial heart muscle abnormalities  m.12530A > G ND5
muscle
Cardiomyopathy
Mitochondrial m.6413T > C CcO1

Encephalomyopathy

ag a d o v A = '
4, 'Jﬁﬂ']ﬁﬂi)"l]?Lﬂ51$ﬁa1ﬂﬁu3ﬂalﬂ‘1‘ﬂﬂ
= =
TuluInnsunssansoute
malulagmsmaiduiinalelndvea
Tumaeuessantoueluigiiiiayds ngiondn
Flumsmarduinaalenalululnaeutasea
a = Aa ¥ a At WY 1
Auentenly 1 2 35 laun
4.1 msmarauiinaalalnalasgls
mAdiALUBILNes (Sanger sequencing)
Tuifegiiudafoniuidinasgiu (gold
standard) Tileuld orderanms dideoxynucleotide

1

. . . v o a A ¢l
chain termination ﬂ]ﬂﬂ'liu'luﬂﬂﬁiﬂllﬂﬂﬂﬂﬂﬁll

U

hydroxyl USt3au carbon funuef 3 oon F9
Wlvmgamsadandue Gond dideoxynucleotide
(ddNTP) 1s5znaudIe ddATP, ddTTP, ddCTP
waz ddGTP uazihin@aamnmedgossdisud
(fluorescent dye) Fafinalelndudazsiinazil
a dd‘ 1 o ;’i ¥ o ¥
msaaamnanameny Nadulseulsilumsaig
AduteanelninAduteduuuy (DNA
template) dduiiinalelndlndezilszneudly
a a ' 1 @ d’a A' ¥ 1 @
taalelnaudazdinanaain e lldeny
a A i) ¥ o Y |[ama d' s
haalelnadeuin axh/gisemveaeannlin
. 4y .
¥i hydroxyl group NIN&3NNUEE phosphodi-
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Y] = = o ] o v 5]
ester fviinalelndluanalval vilviaduled
VNANUANAATY 1AIFIINUYAVINARIYLATDY
a & o a s vy a IS
Ienzndduasiugnsu ladeyasianTnsills-
(N3N (electropherogram) SRR REA TG
uSsuisuiuaduihaale Indonsdavedlulnaeu-
w3sandutadaly >

4.2 msmaiauiiaalelnalasls
tnalulad Next Generation Sequencing (NGS)

2 ada a ¢ o o A A

Wisnansadnnzimaeuiinale-
ndvesdtduteuuinnldnonsiu (massively

¥V

parallel sequencing) msvfAseUAazAT
dusamdisuiiiaalalnaglanadszuia
6 wauduud (600 Gb) luvazmismsmaau
a . I'd I's o a A A ¥V
haale mduvuusatnesazmaduiinaale ng la
Wea 1 Wwa® Tagmalulagidivdnmsiilyl
Ao mssumduwaluvaziialiasendananet
miﬁugnim (sequence by synthesis) 1130
w1z IANAINANNEIVBIN THUFATINNQN
Faanzilailu 2 dszian 1aun

(D) mﬁﬁaLﬂiwzﬁa15ﬁuqniﬁuﬁ1aﬁu
(short reading) UULN Alulad second generation
sequencing (Fu

- walulagved Ilumina Nl¥nMsery
Mduwany fluorescence detection

- wmalulagved Ion torrent 1¥HaAMS
uMdULUaAIY Ton detection

- walulagves Applied Biosystems
MINFANUMSUAN AT ITILAINANRANAVY
YA INUFNIIH 10-20 (e Fedudesiingszuy

4‘ £ 1 o £ v % =

tetigaufuaisiiugnssuduaty (Sun

wmalulad sequence by ligation)

Han

Usziidds 813839y uaz ywn gaddnelya

Fodrinvesmsduansviasiugnsy
anedu Tdud dlemandinvesasiiugnssuazgn
glivhAunnduaeuaion library (enrich-
ment bias) so1uAaaymnsianaieuiy
mduwdlunsaliiamsgeaunsnuazmsname
T1vesiud (insertion-deletion) waznsaladuLLa
VALY

2) ﬂﬁﬁdLﬂi1$ﬁﬁ1iﬁu§ﬂiiuﬁ18813
(long reading) vumalulad third generation
sequencing

- wnalulagnnustn PacBio Niende
DNA polymeasase §4tas1ziensiugnysney
g1 WA UAAULIIENINANIToUEUARZaAY

- walulagnnusEn Oxford Nanopore
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Table 2 Comparison of human mitochondrial DNA database utilization (Data collecting date: March,

2023).
No. Database Number of Input data Output data Advantage Limitation
uploaded
sequences
1. GenBank  Real-time - Fasta file - nucleotide - vast too huge amount
updated data - Bam file  sequence information on of genomic DNA
- annotation mitochondrial information
of mtDNA DNA including
seguences mitogenome
available resulted in

- raw sequence difficulty to
data from 2 get specific data
sequencing

methods

(Sanger

sequencing

and NGS)

available
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Table 2 Comparison of human mitochondrial DNA database utilization (Data collecting date: March,

2023). (Cont.)

No. Database Number of Input data Output data Advantage Limitation
uploaded
sequences
2. EMPOP - 46,963 SNP - haplogroup - the database - the entered
database HVR 1 and haplotype  information available for data of the
HVR 2 region e.g. - frequency of haplogroup database is
(16024-16365 16093C haplotype and construction specific
and 73-340) haplogroup haplogroup - specific
from each frequency information on
- 38,361 population data from population
control region was previously worldwide demographic
(16024-576) reported population diversity
- 4,289
full-length
mitogenome
3. MITOMAP - 78,884 updated - published - large amount - hard to obtain
control region data of data on of data data, prior
(16024-576) GenBank human collection basic
sequences mitochondrial - reference source sequence
- 59,389 every 4-6  DNA variation of the information information
full-length months - reference - point mutation required
mitogenome source data data based on

- frequency
of mutation
position

data based on
each

population

position

- link to connect
to the relevant
database
effectively

- frequency of
mitochondrial
DNA mutation
position of each
population

available
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Abstract

Small private online course (SPOC)-based flipped classroom mode has been widely used
in higher education. Although students appreciated the reformed teaching curriculum, the
information on teachers’ perceptions is limited. This study aimed to explore the experiences of
Medical Technology (MT) teachers when SPOC-based flipped classroom was first implemented
in the topic of detection of immunological reactions and applications in basic immunology course
for undergraduate students. Through a phenomenological approach, ten immunological teachers
agreed to participate in individual in-depth interviews. The transcriptions of the interviews, as
qualitative data, were analyzed by independent reviewers using a thematic analysis approach.
Six main factors related to the experiences of MT teachers in the process of reformed teaching
were reported, including 1) Motivation, 2) In-class activities, 3) Formative assessment,
4) Summative assessment, 5) Learning outcomes, and 6) Difficulty of teaching. These elucidating
categories might draw more attention to further SPOC-based flipped classroom applications and
stimulate institutional support to improve teaching and learning in Medical Technology

education.
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Introduction

Traditional classrooms in healthcare
education have progressively shifted towards
ablended learning model."® The most famous
type is flipped classroom, in which pre-class
learning materials such as videos, e-learning,
and lecture notes are provided for self-learning.
Students must complete their knowledge before
connecting to face-to-face classes for more
active learning strategies using reflection,
problem-based discussion, or case—solving.(3_4)
Medical students had high satisfaction and
gained an increase in academic achievement
when flipped classrooms were implemented
in the studies of gynaecologic oncology,
ophthalmology, endocrinology, radiology, and
physiology.(]’z’sq) Most students strongly
agreed that this learning method leads to pleasure
in learning and flexibility to motivate their
education, enhance communication skills,
and improve clinical thinking compared
to conventional classroom teaching.(G'S)
Additionally, some students perceived that the
flipped classroom approach could enhance their
lifelong self-directed learning skills compared
to traditional lectures.”’

Since a small private online course
(SPOC) is well-established as an online
educational platform, the SPOC teaching mode
is designed in a particular scope for a specific
audience and therefore has a greater capacity
to adapt to the interested needs."*"" Normally,

students access online videos or learning

8679

materials within the SPOCs under the guidance
of teachers and then participate in classroom
discussions and problem-solving activities.
This specific characteristic allows SPOC to be
awidely accessible tool for autonomous learning,
which can reduce students’ high drop-off
rate within the first week of the course."”
In medical education, SPOC is commonly used
to support the blended learning model of the
flipped classroom. Medical students access
online videos and reading materials in the
SPOC and contribute effectively to in-class

(10.13) piygt- graduate medical educators

activities.
largely give positive feedback when using
SPOC video technology and web conferencing
software for integrated case conferences and
in-depth neuroscience discussions across
diverse locations in psychiatry training
programs.”' Additionally, the SPOC-based
flipped classroom mode implemented in the
physiology course demonstrated learning
efficiency and fostered a deep understanding of
knowledge for clinical undergraduate students.
This was reflected in higher examination scores
compared to students engaged in lecture-based
learning. The significant difference in their
scores can be attributed to the SPOC model’s
video-based preview.(]s) Notably, the powerful
application of SPOC-based flipped classrooms
was seen in such enhancements of learning
outcomes among undergraduate medical
students in oral histopathology learning during
the COVID-19 pandemic. Both students and
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teachers expressed a positive reception towards
this reform class and perceived it as improving
self-directed learning while fostering an active
atmosphere with deep participation.(16)

In medical technology education,
technology-enhanced education has been
recently reported. Medical technology students
who participated in blended medical laboratory
courses could improve their self-learning capacity
and understanding of the underlying theories
and problem-solving rather than traditional
classroom teaching. The achievement of their
knowledge goals was significantly seen in the
average scores on laboratory quizzes.(”) The
flipped classroom strategy also encouraged the
learning capacity of medical technology
students and provided positive interaction for
students to have high-order thinking in
evidence-based medicine training compared to
traditional classrooms."® Furthermore, SPOC-
based flipped classroom modules showed good
effectiveness in clinical hematology laboratory
teaching, as they enhanced medical technology
students’ confidence in their professional
theories and practical skills. Most medical
technology students showed positive attitudes
and views on the reform class."”  SPOC based
flipped classroom method also improved
students’ knowledge of immunology reactions
and applications by significantly increasing the
overall scores on both the mid- and post-
conceptual tests among undergraduate medical

technology students. The results revealed that

Patcharin Panjaburee et al.

a greater interest and enjoyment, coupled with
reduced anxiety in this reform course, could
encourage students to connect the topic with
their future careers.””

Although medical students have a
strongly positive perception of the SPOC-based

flipped classroom pedagogy( 15,21)

, investigating
teachers’ perception and understanding of this
reform teaching process is also important.
Evidence shows that the role of teachers must
be transformed into that of facilitators,
mentors and designers of students’ learning,
which is always a challenge for educators.®*?
Most teachers recognize that reform teaching
has the potential to contribute to classroom
interactions, leading to more active learning,
higher order thinking, and improved student
performance.(23_24) This phenomenon is further
supported by teachers’ perspective on their
effective position in educational reform teaching,
which has a positive impact on students’
learning objectives.(zs) The consolidated view
from teachers is to utilize classroom time
effectively for problem-solving activities,
discussions, and engaging lesson delivery.(%)
Collectively, teachers’ experience indicates that
modern practices such as teamwork and class
discussions are strongly associated with better
students’ learning achievements, as compared
to a traditional practices like rote learning and
individual work.”?® Even though teachers

have a positive attitude towards the flipped

classroom, they still express concerns about
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their competency in designing flipped learning,
difficulties in pre-class and in-class activities,
and technology-supported education.*’?¥
Therefore, it is important to conduct in-depth
interviews to investigate the exact factors
influencing teachers’ experiences and
perceptions during reform teaching.

Due to the benefits of SPOC, it is
widely combined with flipped classrooms. As
a result, there has been a growing interest in
the application of SPOC-based flipped
classrooms in Thailand. Unfortunately, there
is no information focused on the experience
and perspective of medical technology teachers
in SPOC-based flipped classroom pedagogy
practice. To understand the lived experiences
of teachers in the potential of this particular
reform setting, a phenomenological approach
as one of the qualitative research methods is
often used based on in-depth interviews. > "
Hence, this study aimed to explore the
experiences of medical technology teachers in
adapting SPOC-based flipped classroom
modules in immunology studies through a
phenomenological approach. The results of this
study can provide valuable information for
medical technology teachers interested in

designing reform pedagogy.

Materials and Methods
1. Study design
Descriptive phenomenological research

was conducted in this study to understand the
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experiences and perspectives of medical
technology teachers who were the first to
participate in the SPOC-based flipped
classroom teaching method on the topic of
immunological reactions and applications in a
basic immunology course at the Faculty of
Medical Technology, Mahidol University in
Thailand. A semi-structured interview guide,
predominantly consisting of open-ended
questions, was created and utilized to conduct
interviews with medical technology teachers.
The interviews aimed to investigate the benefits
and obstacles associated with this pedagogical

approach.

2. Participants and settings

The instructional design of the SPOC-
based flipped classroom was developed from
May to June 2020. It involved self-directed
learning on the SPOC platform and face-to-face
teaching activities in the classroom (Fig. 1).
The SPOC platform was created within the
online university settings, accessible via https://
mux.mahidol.ac.th/courses/course-v1:
MU-MT+MTMI3074+2019/course/. To organize
the pre-class tasks, medical technology students
enrolled in the SPOC course using their
individual MU login and were required to
complete a pre-test. Students could structure
their learning process in the SPOC course by
watching infographic videos, reading teaching
documents, and completing post-tests related

to the learning content in each topic. During
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SPOC learning, teachers would release the
teaching plan one week in advance to
communicate the learning objectives and
facilitate effective self-learning. In classroom
teaching time, all students were randomly
divided into groups and engaged in face-to-face
laboratory activities with teachers (student-to-
teacher ratio=10:1 in each group). Each group
was assigned a question for discussion. The
teachers acted as organizers and facilitators of
learning, guiding students to find answers to
problems on their own and inspiring their
enthusiasm for information. The post-test in
SPOC course and the in-class observation by
teachers served as representative formative
assessments. The extension of students’
abilities after the SPOC-based flipped
classroom module was evaluated using

the course examination, which represented

and learning system

ii) Students login to online

course platform of s’f'l",’"s Lesson o Quizs

Mahidol University

y

Learning materials

Infografic
video

MT teachers release teaching plan
one week ahead to enable the effective
selt-online leaming.

In-class activities
i) Teachers introduces course (Self-online learning platform) (Face-to-face learning)
' - - a.. Ralkial
p L :
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a summative assessment. After the reformed
teaching was completed, ten medical technology
teachers responsible for the basic immunology
courses were invited to participate in an
in-depth interview. All participants had no
previous training experience and practice in
the SPOC-based flipped classroom method,
and their individual characteristics are shown
in Table 1. The participants were informed
about the purpose of the interview, and
measures were taken to ensure their anonymity
and confidentiality. Subsequently, each
participant signed the informed consent form
and willingly participated in collecting data
without compensation. The study was approved
by the Central Institutional Review Board
Ethics Committee of Mahidol University
(MU-CIRB 2019/158.0710).

In-depth interview of
MT teachers (n=10)

Lab demonstration

mTTO2
53 MTTO4

Small group activity
{Teacher : Students ratio = 1:10)

MTT10 S

e

seese| ~ T

MT teachers organize sach groups
for probl Iving y activities,
have a discussion and observe

. students’ participation, . i -
Course examination

MT teachers response to SPOC-based
flipped classroom method

Fig. 1 Instructional design of SPOC-based flipped classroom.
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3. Data collection and analysis

Qualitative data were collected through
a semi-structured interview guide with a
preponderance of open-ended questions. The
designed questions were guided by Park
et al.(27), as provided in Table 2. During the
interviews, individual participants shared their
experiences and perceptions regarding the
implementation of the SPOC-based flipped
classroom. Each interview lasted approximately
60 minutes. All interviews were transcribed
and assigned a sequential number. When
additional data were needed, it was collected
by phone. For data analysis, the transcribed

interviews were analyzed using a thematic
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analysis approach.m) Firstly, the authors
(SL and KK) individually read the data several
times to better understand it and generated their
own initial codes. Next, the authors searched
for patterns and themes emerging from the
codes and data. The codes were compared
together, and any code that did not match was
eliminated. Then, the themes were indepen-
dently reviewed by each author (SL, KK, and
PP) to reach investigator triangulation. The
authors engaged in discussions to define and
label the themes, aiming to reach a consensus
agreement. Finally, all data and initial themes
were revisited to ensure that they provided an

authentic experience of the current teaching.

Table 2 Example of medical technology teachers interview questions.

1) What were motivations for SPOC based flipped classroom?

2) What did you learn from SPOC based flipped classroom including prerequisite learning, class

activities, and formative and summative assessment?

3) Please explain what you experienced with SPOC based flipped classroom?

4) Please explain what were the difficulties in SPOC based flipped classroom?

Results

After completing the interviews and
thematic analysis, six overarching themes of
the participants’ experiences in SPOC-based

flipped classroom emerged: Motivation,

In-class activities, Formative assessment,
Summative assessment, Learning outcomes,
and Difficulties of teaching. The categories and

codes in each theme are elaborated in Fig. 2.
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Motivation to use the SPOC based flipped
classroom approach for supporting students’
learning

All participants perceived that the
SPOC-based flipped classroom approach
created an effective learning environment for
understanding and applying immunological
reactions in a basic immunology course. This
approach allowed students to organize their
learning pace flexibly, anytime and anywhere,
using the SPOC platform. Additionally, the
well-prepared content on the SPOC, particulary
the online videos, enhanced students’ learning
abilities and performance. After their self-active
learning and having the fundamental knowledge,
students could develop their analytical thinking
skills and enjoy the in-class laboratory session.
One of the interviewed Medical Technology
Teachers (MTT) stated:

“Our intention was to design the
SPOC online lessons following the “simple
and practical” principle. This approach
allowed our MT students to attentively
acquire knowledge step-by-step, starting from
the basic principles and progressing to test
procedures, results, interpretations, and
clinical applications in immunology. They
had no restrictions to access the SPOC
lesson until they reached their understanding”
(MTT 06).

Another MTT stated that “the SPOC-
based flipped classroom helped my students

learn by themselves; students were more
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enthusiastic and gained better analytical
thinking processes” (MTT 04).

In-class activities after implementing the
SPOC-based flipped classroom

All participants described the benefits
of SPOC-based flipped classroom in terms of
high performance of in-class laboratory
activities. Well-prepared students have the
basic knowledge to grasp concrete information,
increase their learning efficacy, and are more
engaged in activities or laboratory demonstra-
tions. This approach enables more students to
enjoy in-class learning and application. As one
of the Medical Technology Teachers (MTT)
mentioned,

“Since all of them are aware of their
participationin the class, they possess a deep
understanding of the topic being studied here.
They learn how to solve the question and
make a discussion. When students enjoyed
the face-to-face activities, my class was easy
to organize and went so fast. I thought that
it is impossible if they do not succeed in their
understanding of the contents before” (MTT 08).

In addition, one participant mentioned
about the cost of laboratory setting that could
be substituted by this reform andragogy. Adults
have problem-centered approach for mastery
that could be immediately reflected in the
application of learning in real life. By engaging
in SPOC VDO learning beforehand, students

can gain a better understanding of essential
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knowledge and minimize errors in the use of
reagents and procedures during in-class labora-
tory activities.

“I agreed with implementing the
SPOC-based flipped classroom model because
it could encourage students’ learning in special
immunological testing that needs particular
preparations such as procedures, reagents, and
special equipments. Having online videos on
the SPOC platform, students would catch up
on the essential contents and procedure of
special technique, and then achieve it in the
in-class activities” (MTT 09).

However, one participant suggested
that well-organized in-class activities enhanced
students’ learning. MT teachers should
develop a unique learning assessment for
in-class activities to achieve the course learning
outcomes for laboratory sessions.

“I felt that I am able to organize my
classroom activities to enhance students’
learning effectively. However, we should
have a special evaluation emphasizing
students’ learning assessment for in-class
laboratory activities to effectively meet the
course learning outcomes for laboratory

sessions” (MTT 05).

Formative assessment in the SPOC

The SPOC platform was designed to
cater to undergraduate medical technology
students, providing them with essential knowledge

and conceptual tests related to the detection of
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immunological reactions and their applications.
All participants perceived that having formative
assessments freed students for their self-
evaluation and provided opportunities for
remedial self-improvement. If comprehensive
sessions were missed, students could correct
their confusion before taking the course
examination. As one Medical Technology
Teacher (MTT) mentioned,

“When individual students have
self-active learning by watching online videos
and reading documents via the SPOC
platform, they gain fundamental knowledge
and can evaluate themselves via pre- and
post-tests provided in each topic. This
self-assessment may reflect their learning
performance and outcomes before having the

actual course examination” (MTT 03).

Summative assessment after implementing the
SPOC-based flipped classroom

Summative assessment is still necessary
for evaluating the effectiveness of the SPOC-
based flipped classroom approach. The
effectiveness of SPOC is evident in medical
technology students who possess a solid
knowledge base, as they are able to achieve
higher scores in examinations and demonstrate
higher-order thinking skills in this specific
topic. Likewise, teachers have the ability to
assess the increase in student learning outcomes
and analyze the success of their reformed

teaching pedagogy. As Medical Technology
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Teacher (MTT) described it,

“I realized that summative assess-
ments, such as post-test, allow teachers to
assess students’ learning outcomes. If
students are able to meet the criteria of these
assessments, it indicates the effectiveness of
the learning materials in SPOC. However, if
students do not meet the criteria, teachers
should further improve and develop the
lessons to assist students in achieving the
course learning outcomes” (MTT 09).

“Summative assessment allows us to
evaluate that our students have a better
understanding and knowledge of certain
topics, reflected by higher scores in the course
examinations” (MTT 04).

Perceptions toward students’ learning
outcomes

Almost all participants (8 of 10)
recognized that the initial implementation of
the SPOC-based flipped classroom enhanced
students’ performance in the knowledge of
immunological laboratory testing. Having the
SPOC platform as a self-paced online learning
tool can help students practice self-regulated
learning. Students who prepare themselves
before joining in-class activities as active learners
can build their competence, learn more quickly,
and synchronize their knowledge with tasks
related to medical technology careers.

As Medical Technology Teacher
(MTT) mentioned,
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“Inoticed that some students watched
the SPOC videos in advance, while others
did not. Those who agreed to watch the
videos beforehand had questions that could
be used as an assessment to determine their
level of preparation before attending
the face-to-face laboratory sessions. A
well-prepared student has relavant
knowledge that I can build upon during
in-class learning” (MTT 04).

“If students manage their time
effectively, they can learn the SPOC online
lessons by themselves. After gaining
knowledge, they have more time to complete
the in-class activities” (MTT 05).

However, other participants (2 of 10)
expressed concerns about the passive interaction
of the SPOC online learning platform, as
students had to engage in self-study. They
noticed that students with different backgrounds
require active participation in discussions and
asking questions. As one Medical Technology
Teacher (MTT) pointed out,

“Some students in my groups were
not successful in actively learning via the
SPOC platform. They forgot their knowledge,
and I had to repeat the explanation before
continuing the in-class activities” MTT 02).

Another MTT noted that “Some
students were not familiar with online learning.
While studying online, they still needed a
teacher to answer their questions or have

real-time active participation. This lack of
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understanding made it difficult to lead the
in-class activities. Thus, I had to review the

material again” (MTT 10).

Difficulties in using the SPOC-based flipped
classroom

Although medical technology teachers
accepted the benefit of SPOC-based flipped
classroom in immunology learning environ-
ments, difficulties had been found. Almost all
participants (8 of 10) mentioned that it is hard
to encourage students to complete the pre-class
assignment or participate in all SPOC online
sessions. Active students, who had self-learning
via SPOC’s online videos, effectively partici-
pated in the in-class activities and showed
stellar performance. However, students, who
did not engage in pre-class preparation, might
remain passive during the in-class activities.
The complexity of the immunology contents
and management of their self-learning time are
also challenges for MT students. As one
participant expressed concern,

“The most challenging aspect of
implementing the SPOC-based flipped
classrooms is fostering students’ interest in
self-learning platforms like SPOC. They have
the potential to gain more knowledge and
understanding if they engage in pre-tests,
learn the video contents, and complete
post-tests for each lesson. In our group, I rely
on their cooperation and responsibility.

However, I observed that some students
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struggled with the critical questions, while
others excelled in interactive questions. The
main issue was that some students did not
study the lesson beforehand, resulting in a
lack of basic knowledge required to discuss
the questions effectively. Some students also
expressed frustration with the complexity of
immunological content, which hindered their
progress in self-study” (MTT 07).

Likewise, the teachers’ role was
changed as an accelerator or guide to stimulate
classroom participation in this particular mode.
However, one participant complained that this
reform teaching is not suitable for Thai student
behavior. The teacher realized that motivating
passive students to turn into an active mode in
classroom participation could make their
learning more enjoyable.

“When I posed questions during my
class activities, there would be moments of
silence before someone answered. I tried to
motivate them to engage in the class. It
can be challenging to sustain active learning
when Thai students tend to be shy in their
nature. After their participation in the class,
it was difficult for me to gauge their level of
knowledge” (MTT 0O1).

Additionally, one participant noted that
the SPOC-based flipped classroom was tech-
nologically trasnformative. The provision of
high-quality learning material could poten-
tially alleviate student anxiety in immunology

learning. Preparation of effective online teach-
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ing materials is difficult because it requires the
necessary skills and is time-consuming to
produce all the content. However, our teachers’
team was less proficient in educational technology
or video content production.

“Among our team teachers, I am the
youngest lecturer. I have less experience
teaching and creating powerful online videos
that are qualified in basic knowledge and
easy for students to follow their immunology

contents” (MTT 09).

Discussions

Since the combination of SPOC and
flipped classrooms are setting off a trend in
teaching reform of medical education,
recently, Mahidol University has supported the
development and implementation of SPOC
across multiple learning settings via https://
mux.mahidol.ac.th. Hence, we have initially
introduced a SPOC-based flipped classroom
curriculum for the detection of immunological
reactions and their applications in the basic
immunology course. This is because having a
strong foundational knowledge of this topic is
crucial for students to perform effectively in
clinical laboratory testing. Although medical
technology teachers who participated in this
study had various educational backgrounds and
durations of teaching experience, no significant
differences were found in their perspectives
when implementing the SPOC-based flipped

classroom method. This lack of difference may
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be attributed to their lack of previous training
and practice in this particular approach. Despite
the limitation of a small number of medical
technology teachers participating in this study
(n = 10), we were able to gain initial insights
into the experiences of medical technology
teachers when applying the SPOC-based flipped
classroom pedagogy to undergraduate students
in the study of immunology. Factors identified
here, including motivation, in-class activities,
learning evaluation (formative and summative
assessment), learning outcome, and difficulties
of teaching, could be helpful for further
SPOC-based flipped classroom implementation
in medical technology education.

In this study, all medical technology
teachers agreed on one point: that this reformed
teaching mode motivated students’ learning in
the topic of detection of immunological
reactions and applications, in terms of flexibility,
interest, and analytical thinking. It may be due
to the fact that SPOC platform eliminates the
time and space limitations of the traditional
teaching model, providing rich learning
materials for students to communicate and
collaborate anytime and anywhere, creating an
open educational environment, and combining
the advantages of online courses and face-to-
face teaching, which also provides a strong
guarantee of flipped classroom knowledge
acquisition.(lé) In addition, our SPOC platform
included pre- and post-test that served as

formative assessments to foster individual
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learning capacity. Students were required to
apply the essential knowledge acquired from
the SPOC learning materials in order to complete
tasks during in-class learning activities. This
approach demonstrated a large effect size
and allowed students to actively engage in
the flipped classroom perspective.(32) This
phenomenon is also supported by recent
findings on the SPOC-based flipped classroom
approach in clinical hematology courses for
undergraduate clinical laboratory technology

students''”

and medical immunology studies
for medical students.””’ Interestingly, adopting
the SPOC-based flipped classroom for immu-
nology courses could reduce the cost of laboratory
settings for special tests and was more applicable
for laboratory teaching by increasing students
knowledge with high engagement in the in-class
activities. These findings confirm the underlying
theory of blended learning, which combines
technological innovation with face-to-face
teaching to enhance students’ learning processes
and outcomes. This suggests that the imple-
mentation of SPOC followed by face-to-face
learning may facilitate a deeper exploration of
course content.”” Previous research has
indicated that the theoretical foundation of
blended learning in higher education involves
online lessons followed by active learning
activities in the classroom, which can encourage
Thai students to develop self-regulation
behaviors in their learning.(34)

Although a positive effect on learning
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outcomes was found during the reform teaching
mode, self-regulated students during active
learning via SPOC online, while lacking
interaction or communication with the teacher,
was observed in this study. It might be due to
the promotion of intrinsic regulation and
self-determination levels of the students to
complete their online sessions before having
in-class activities. The self-determination
theory supports this observation and explains
that the learning environment influences the
autonomy motivation to satisfy basic education
needs.”” Previously, high autonomy motivation
of students was promoted by SPOC-based
flipped classroom teaching in physical education
by improving the need for competence,
autonomy, and relatedness of individuals.®®
Assessment is an important tool for
monitoring progress toward achieving learning
objectives for both teachers and students.®”
This study employed formative assessment to
evaluate student comprehension during SPOC
lessons in immunology studies. Self-evaluation
with low stakes allows students to improve their
learning efficacy and develop their fundamental
knowledge and understanding before attempting
the in-class activities. Summative assessment,
on the other hand, evaluates students’ learning
performance and outcomes before the actual
course examination or the conclusion of the
instructional period. The SPOC platform with
related learning materials, particularly simple

and practical online videos, likely augmented
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students learning, as reflected in the use of
formative assessment in this study. Inaddition,
the face-to-face in-class learning activities
emphasized laboratory demonstrations, active
exploration in the laboratory, and group discussions.
These activities strengthened the foundation
built by the SPOC and facilitated the completion
of tasks in the laboratory. The improvement
in students’ knowledge of the course content
was significant, as seen in the summative
assessment in this study. This knowledge of
the detection of immunological reactions and
applications from the learning materials
provided in SPOC to complete in-class tasks
was thus introduced in the SPOC-based flipped
classroom process. This result aligns with
previous findings on the flipped classroom
perspective.(38) Additionally, since this was the
first implementation of SPOC-based flipped
classroom module in our faculty and we were
not familiar with this reform teaching approach,
we designed the SPOC platform specifically
for medical technology students to cater to their
individual interests and needs. The in-class
learning activities placed a strong emphasis on
active laboratory investigations, requiring
students to apply the foundational knowledge
gained from the SPOC materials in order to
successfully perform and complete tasks in the
laboratory environment. It is worth considering
the generation of specific laboratory assess-
ments tailored for in-class activities to further

enhance the effectiveness of their application.

Patcharin Panjaburee et al.

Interestingly, inspiring students to
participate in online classes or complete the
pre-class assignment was identified as a
challenge in the teaching reform discussed in
this study. One possible explanation is the
complexity of delivering immunology content
to students with varying backgrounds, making
it difficult for individual students to master the
subject. Analyzing students’ learning perfor-
mance and their study workload prior to the
course would be even more beneficial in
improving learning outcomes and fostering
student motivation to enjoy the study of
immunology. Consequently, teachers need to
have a real-time understanding of students’
difficulties with SPOC videos in order to better
address the challenges and key points of the
course. Recent findings suggest an approach
to cluster SPOC videos based on their difficulty
using video-watching data in a spoc.?”
However, the current study did not perform a
difficulty-based clustering analysis of SPOC
online videos. Further research could involve
real-time data analysis based on existing
video-watching data of students, data from
different course lessons, and data from various
published periods when SPOC-based flipped
classrooms will be continuously implemented.
It is important to note that this study only
assessed the results of a university immunology
course.

There are some concerns about the

application of SPOC-based flipped classrooms.
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Firstly, most Thai students are not familiar with
self-online learning and tend to be shy about
asking questions in class. To address this issue,
we conducted an orientation session for this
specific reform teaching approach prior to
starting the topic of detection of immunological
reactions and applications in the basic immu-
nology course. During this orientation, students
were instructed on how to access the SPOC
platform, prepare themselves, manage their
time for self-directed online learning, and retain
the core knowledge for face-to-face classroom
activities. The study also provided various
learning materials on the SPOC platform
appropriate for active learning and divided
students into small groups during the face-to-face
learning portion to encourage their active
exploration of laboratory demonstrations
(students: lecturer ratio = 10:1). This character
could motivate them to participate in the
discussion and problem-solving in the in-class
learning activity, as successfully demonstrated
in the application of SPOC and team-based
learning for dermatology and venereology
studies.*” Secondly, the MT teachers in this
study had different ideas on how SPOC-based
flipped classrooms should be conducted and
implemented. They were all unsure about how
to teach and verify the validity of the reform
teaching model. For a more effective imple-
mentation, it would have been beneficial for
the teacher team to have introduced and

prepared themselves with a concrete agreement
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on the teaching approach. To address this issue,
teacher orientation sessions were conducted,
and a unique evaluation form was generated
for both online and in-class sessions. These
measures were important for assessing
the usefulness of the reform pedagogy and
establishing a foundation for further study.
Despite these challenges, implementing a
SPOC-based flipped classroom in this study
provided an opportunity to produce effective
learning materials that could complete the
course learning outcomes and reduce students’
anxiety. The results of this study may draw
more attention to SPOC-based flipped
classrooms and stimulate educational and
institutional support for sustainable improve-
ments in teaching and learning for medical

technology schools.

Conclusion

Using a phenomenological approach,
this study aimed to explore the experiences of
medical technology teachers during the
implementation of SPOC-based flipped
classrooms in the basic immunology course for
undergraduate medical technology students,
focusing on the detection of immunological
reactions and their applications. The results of
this study revealed several categories of
experience perceived by the medical technology
teachers, including 1) motivation of students’
learning, 2) enhanced learning outcomes,

3) increased engagement in in-class activities,
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4) suitability for laboratory activities and cost
reduction, 5) active self-evaluation through
knowledge assessment, 6) the opportunity to
produce effective learning materials. However,
difficulties were also identified in inspiring
students to participate in online classes or
complete pre-class assignments. The findings
of this study may draw attention to the potential
benefits of SPOC-based flipped classrooms and
encourage educational and institutional support
to improve teaching and learning in medical

technology schools.
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Abstract

The impact of long COVID has been increasing globally, however, the symptoms and
pathophysiological mechanisms are still not well understood. Therefore, evaluating individuals
knowledge and attitudes (KA) towards long COVID is crucial. This study aimed to create and
validate the KA-long COVID questionnaire, which consists of 14 items for knowledge and 6 items
for attitude. The questionnaire’s content validity was established through expert agreement, and its
internal consistency and intra-rater reliability were assessed using 30 healthy participants, aged
18-60 years old. Results showed acceptable item level-content validity index (I-CVI) and scale
level-content validity index (S-CVI) (= 0.8 and 0.91, respectively). The attitude section’s internal
consistency was reliable (Cronbach’s alpha = 0.82). The knowledge section’s intra-rater reliability
was acceptable (percent agreement = 66.7), and the attitude section’s Spearman rank correlation
coefficient was significant (p < 0.05). In conclusion, the KA-long COVID questionnaire is a reliable
and valid instrument for measuring knowledge and attitudes toward long COVID. This
questionnaire could guide healthcare professionals, including community medical technologists, in

measuring health literacy and improving health outcomes.
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Introduction

The coronavirus disease 2019
(COVID-19) is an emerging disease caused by
the coronavirus (SARS-CoV-2). The first case
was detected in December 2019 in Wuhan and
spread rapidly due to its dense population.(l)
Consequently, China had to announce the
country’s lockdown in order to control the
situation. Approximately 80 percent of patients
recovered without hospitalization, whereas 20
percent of those infected showed symptoms
and were admitted to the hospital. Five percent
of patients had severe symptoms and high
mortality rate.”) These patients with underlying
diseases or elderly tended to have more severe
illnesses than ordinary people. In the current
global epidemic situation, many countries have
been able to control the epidemic and prevent
new infections. In contrast, new infections in
many countries, including Thailand, are still
high.

Recently, new virus mutations confer
higher infectivity and low virulence. Most
infected people, especially with vaccination,
show mild symptoms and recover within a few
days. However, some people still face
prolonged symptoms after recovering from
the illness. The condition is known as
“Long COVID” which usually occurs
with pathological sequelae.(3) The cause of
long COVID remains unclear. It has been
hypothesized that the antibodies produced

during the infection to eliminate the virus can
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also affect the cells in the body. Another reason
is that the body is unable to eliminate the
infection completely,(4) resulting in inflammation
and other pathologies.(5_7) The condition has a
variety of names, including Long COVID-19,
Post-COVID conditions, Long-haul COVID,
post-acute COVID-19, post-COVID-19
syndrome or chronic COVID, etc. Symptoms
of long COVID exhibit substantial heterogeneity,
encompassing more than 200 symptoms
including fatigue, shortness of breath, brain
fog, musculoskeletal pain, chest pain,
headaches, loss of taste and smell, sleep
disturbances, heart-related symptoms,
gastrointestinal illnesses and mental health
issues.® ? The prevalence of long COVID is
still being studied, and estimates vary. Recent
research indicates that approximately 45% of
individuals who have survived COVID-19 have
been observed to exhibit a variety of unresolved
symptoms after approximately four months.'”
Patients suffering from long COVID have
documented persisting and protracted symptoms
affecting multiple physiological systems, resulting
in substantial reductions in quality of life,
occupational capabilities, and considerable
disabi]jty.(1 M2 The symptoms can be debilitating
and cause difficulties in daily activities,
work, and social interactions. In addition, the
experience of long COVID can lead to
psychological distress as patients contend with
persistent symptoms and the uncertainty

surrounding their recovery.
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The condition can occur in people with
severe or mild symptoms after the infection is
not detected in the patients. There is currently
no definitive determination of the diagnostic
criteria and the principles of diagnosis are
constantly being improved and developed. In
this case, the knowledge of long COVID
is an inevitable component for healthcare
professionals in order to assess, treat and
monitor an infected patient. Therefore, long
COVID awareness and understanding, along
with guidelines for post-infection self-care, are
essential for the general population to maintain
good quality of life. In addition, measuring
knowledge and attitudes toward long COVID
is essential for developing targeted interven-
tions. By addressing knowledge gaps and
shaping positive attitudes, interventions can be
tailored to meet the specific needs of individuals
with long COVID, ultimately leading to
improved patient outcomes and better overall
management of the condition.

Medical technologists play an important
role in the healthcare team by performing a
variety of laboratory tests and procedures to
help diagnose and monitor medical conditions.
They have to communicate with patients,
physicians, and other healthcare professionals
to provide information about laboratory testing
and results. In addition, health promotion is a
crucial responsibility of medical technologists,
particularly those in community settings, due

to their advantageous position in reaching
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individuals compared to hospital settings.
However, prior to initiating any health promotion
activities, it is imperative to assess an
individual’s personal health literacy. Therefore,
questionnaires can be an effective tool for health
promotion because they can help individuals
to identify their health-related behaviors and
attitudes, and provide them with tailored feedback
and recommendations for improvement.
Currently, COVID-19-related health
literacy can be widely accessed from various
kinds of media. Many studies demonstrated a
relationship between health literacy and
COVID-19-related beliefs and behaviors."* ™'
They focused on strategies for increasing
awareness and prevention behaviors. Nevertheless,
a number of people infected with COVID-19
still suffer from long COVID. Moreover, it is
a complex issue and the information may be
diverse and inconstant. In this sense, health
literacy on long COVID is critical during the
COVID-19 pandemic in order to take care of
themselves, make informed decisions, and
access appropriate healthcare services.'” To
assess this, the conceptual model by Nutbeam
was used in this study. It identified three levels
of health literacy: functional, interactive and
critical health literacy.(lg) Given the ongoing
uncertainty surrounding long COVID, we
focused on accessing functional health literacy
with regard to public awareness of health
conditions. This study aimed to evaluate the

validity and reliability of the questionnaire on
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knowledge and attitudes towards long COVID
(KA-long COVID). The accurate assessment
can be used to develop a guideline for patients
at risk of long COVID to increase their
understanding and participation in self-care and

clinical treatment.

Methodology

The development and validation of the
knowledge and attitudes questionnaire involve
a systematic process to ensure its reliability and
validity as a research instrument. The process
typically begins with an extensive review of
existing literature on long COVID. Then, a pool
of potential questionnaire items is generated.
A group of healthcare professionals specialized
in COVID-19 management evaluate the initial
items as a panel of experts in the field. The
questionnaire is then administered to a small
sample of individuals who are representative
of the target population. Lastly, psychometric
evaluation techniques are used to assess its
reliability and validity. This includes assessing

internal consistency and intra-rater reliability.

Item generation

In this phase, the researchers identified
the key questions related to knowledge and
attitudes towards long COVID by gathering data
from various databases such as PubMed,
Scopus and TCI. The search keywords used
included Long COVID, Post-COVID condition,
Long-haul COVID, Post-acute COVID-19,

Pawared Ontong et al.

Post-COVID-19 syndrome or chronic COVID.
Furthermore, guidelines from local and
national health organizations, including the
WHO, CDC and Ministry of Public Health
(Thailand), were complied to develop the
questionnaire.

To ensure the accuracy of the initial
questionnaire’s content, content validity indices
(CVIs) were calculated for both individual items
(I-CVI) and the overall scale (S-CVI). The first
draft was provided to five experts who were
carefully selected based on their expertise in
academia and healthcare. The expert panel
consisted of two medical doctors, one
medical technologist, one pharmacist, and one
occupational therapist. One medical doctor
was an active epidemiological investigator, who
had experiences in proactive screening of
COVID-19 patients, and the other was specialized
in cognitive neurology. The medical technologist
was specialized in virology and had expertise
on biosafety requirement for SARS-CoV-2
while the pharmacist was working full-time at
drugstore and had a research background in
herbal medicine and the occupational therapist
was specialized in physical, mental and cognitive
impairment. These experts were asked to
evaluate each question’s clarity and alignment
with the questionnaire’s objectives. They rated
each item on a four-point Likert scale, with
scores ranging from 1 (not relevant) to 4
(highly relevant). Experts were also encouraged

to provide feedback and suggest revisions to
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improve the wording and phrasing. The I-CVI
value for each item and the S-CVI value for
the overall scale were assessed. It was necessary
for the I-CVI and the S-CVI to be equal to or
greater than 0.78 and 0.9, respectively. Any
question with a low CVI value was revised
based on the feedback provided by the
experts.(lg’ 20 To gather feedback from the
target population, a pilot test was conducted to
assess the face validity. Participants who met
the inclusion criteria were invited to respond
to all items in order to evaluate comprehension,
question clarity, and scoring criteria. Additionally,
any ambiguous words or phrases were also
identified and revised based on the participant’s
feedback.

Psychometric properties study

The psychometric properties of the tool
were assessed, including internal consistency
and intra-rater reliability. A total of thirty
participants were included in the study, following
specific inclusion criteria: (a) being a healthy
individual residing in Bangkok and surrounding
areas (b) aged between 18-60 years (c) having
good proficiency in the Thai language for
effective communication, and (d) never get
COVID-19 orrecovered from COVID-19 more
than 3 months. The exclusion criteria involved
individuals who were diagnosed with COVID-19
during the intra-rater reliability process.
All participants were provided with detailed

information about the research study in
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accordance with ethical principles, and their
consent to participate was obtained. This study
received ethical approval from the Mahidol
University Central Institutional Review Board
(COA No. MU-CIRB 2022/224.1608).

Measurement

The authors collected data using an
online survey titled “Questionnaire on Knowledge
and Attitude towards long COVID (KA-long
COVID)”. The questionnaire comprised two
parts with a total of 12 questions. In the knowledge
section, participants were required to select
their response from “Agree”, “Disagree” or
“Not sure”. In the attitudes section, participants
rated their agreement on a scale of 0 to 3, where
O indicated disagreement and 3 indicated strong
agreement. To assess intra-rater reliability,
participants were asked to complete the survey
twice, with a one-week interval between
responses. For internal consistency analysis,
the authors used the participant’s first response

for calculation.

Statistical Analysis

All statistical analyses in this study
were performed using SPSS for Windows
(Version 18.0; SPSS Inc., Chicago, IL).
Descriptive statistics were used to calculate the
demographic characteristics. The internal
consistency of the attitude section, which was
scored using a Likert scale, was assessed using

Cronbach alpha coefficient. For the knowledge
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section, intra-rater reliability was determined
using percent agreement, while Spearman’s
rank correlation was used for the attitude

section.

Result

In the preliminary phase of the study,
relevant literature and guidelines were reviewed
to extract questions, which were then organized
into two sections with sub-domains. The first
draft of KA-long COVID consisted of 21 items
(15 on knowledge and 6 on attitudes), but after
removing repetitive items and receiving feedback
from an expert panel, one item with an I-CVI
value of 0.60 was excluded, leaving 20 items
for construct validation (Table 1). The S-CVI/
Ave was 0.91, indicating acceptable content

validity. Only minor issues were reported
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regarding the wording of the questionnaire
during the pilot study. The participants
suggested adding more explanation about
patient group 608, which was included in the
footnote.

The final version of the 20-item
KA-long COVID questionnaire was distributed
to 30 participants in the main study to test its
psychometric properties. The characteristics of
the participants are presented in Table 2, which
shows that the sample group consisted of 30
participants, including 14 males (46.7%) and
16 females (53.3%). The mean age of the
participants was 33.07 (SD = 12.95, range = 18-
59). Most of the participants held a
Bachelor’s degree (66.7%), and 43.3% of them

were university students.

Table 1 Content validity index (CVI) rating of the individual KA-long COVID items.

Item

I-CVi

Knowledge section

not considered as long COVID.

KO Symptoms that persist after recovering from COVID-19 within the first month are | 0.6

K1 Long COVID can be prevented once infected with the virus. 1
K2 Long COVID symptoms may be the same or different in each person. 1
K3 Long COVID symptoms can last from a few months to years. 1

K4 Patients in group 608 who are > 60 years old, or have any of the 7 underlying 1
diseases including chronic respiratory disease, cardiovascular disease, chronic renal
failure, stroke, obesity, cancer and diabetes or being pregnant, have a higher chance

of developing long COVID than other groups.
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Table 1 Content validity index (CVI) rating of the individual KA-long COVID items. (Cont.)
Item I-CVI
Knowledge section
K5 Long COVID infection can occur in healthy infected people or have mild symptoms 1
or never had any underlying diseases before.
K6 Following long COVID symptoms can be found in infected people more often than
in those who have never been infected:
K6.1 | Fatigue, muscle weakness 1
K6.2 | Shortness of breath 1
K6.3 | Joint pain, muscle pain 0.8
K6.4 | Brain fatigue, short memory 0.8
K6.5 | Hair loss 1
K6.6 | Headache, dizziness 0.8
KB.7 | Stress, anxiety, insomnia, depression 0.8
K6.8 | Coronary artery blockage, myocardial infarction 0.8
K6.9 | Indigestion, diarrhea, Gerd 0.8
Attitude section
Al A person who is infected with COVID-19 and received antiviral drugs such as| 0.8
Favipiravir, Molnupiravir, Remdesivir and Paxlovid is less likely to develop long COVID-19
condition compared to those who do not receive such drugs.
A2 Andrographis paniculata or Andrographolide can prevent long COVID. 1
A3 Full-dose vaccination and a booster can prevent long COVID. 1
A4 People who exercise regularly and have adequate rest are less likely to develop a 1
long COVID condition compared to those who rarely exercise and rest
A5 Consumption of foods with high vitamins, minerals and fiber helps promote faster | 0.8
recovery and reduces the incidence of long COVID.
A6 Consumption of probiotics such as yogurt and fermented milk helps the body to 0.8
recover faster and reduces the incidence of long COVID.
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Table 2 Demographic characteristics of study participants (N = 30).

Characteristics Participants Percentage

Sex Male 14 46.7
Female 16 53.3

Occupation University student 13 43.3
Freelance 4 13.3

Civil servant 8 26.7

Business 4 13.3
State enterprise 1 3.3

Education Bachelor's Degree 20 66.7
Master's Degree 7 23.3

Ph.D. 3 10.0

Mean (SD) Range

Age (years) 33.07 (12.95) 18-59

Internal consistency and intra-rater
reliability

The attitude section of the KA-long
COVID questionnaire showed high and
acceptable internal consistency (Cronbach’s
alpha = 0.82). In terms of intra-rater reliability,
the results were consistently good, as shown in
Table 3. The knowledge section demonstrated

satisfactory reliability with percent agreement

ranging from 66.7 to 93.3. The attitude section
exhibited moderate to strong correlations
according to Spearman’s rank correlation
coefficient (0.43-0.70).?" > The item with
the strongest correlation was A3 (rS = 0.70,
p <0.003), while other items showed moderate

correlation.
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Table 3 Intra-rater reliability of KA-long COVID (N = 30).
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Knowledge section

% Agreement

K1 70.0

K2 93.3

K3 66.7

K4 80.0

K5 70.0

K6.1 66.7

K6.2 86.7

K6.3 73.3
K6.4 66.7
K6.5 83.3
K6.6 76.7
Ke.7 80.0
K6.8 70.0
K6.9 76.7

Attitude section Spearman rank correlation coefficient (rs) p

A1 0.67 0.000
A2 0.61 0.000
A3 0.70 0.003
A4 0.62 0.000
A5 0.62 0.000
AB 0.43 0.018
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Knowledge and Attitude results

Opinion on KA-long COVID items in
knowledge section are presented in Table 4.
The highest percent agreement was shown in
item K2 (Long COVID symptoms may be the
same or different in each person) with 96.7%
agreement whereas, the lowest percent
agreement was observed initem K 6.8 (Coronary
artery blockage, myocardial infarction), with
only 33.3% agreement among participants. In
the attitude section, the highest agreement score

was 2.4 out of 3.0 for item A4 (people who
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exercise regularly and have adequate rest are
less likely to develop a long COVID compared
to those who rarely exercise and rest) and item
AS (consumption of foods with high vitamins,
minerals and fiber helps promote faster
recovery and reduce the incidence of long
COVID), as shown in Table 5. However, the
agreement scores for other questions were low,
indicating contradictions regarding anti-viral
drugs, the use of Andrographis paniculate

extract, vaccination, and probiotics.

Table 4 Opinion on KA-long COVID items in knowledge section (N = 30).

Answers (%) Agree Disagree Not sure
ltems

K1 16 (53.3) 6 (20.0) 8 (26.7)
K2 29 (96.7) 0 1 (3.3)
K3 18 (60.0) 3 (10.0) 9 (30.0)
K4 22 (73.3) 2 (6.7) 6 (20.0)
K5 23 (76.7) 3 (10.0) 4 (13.3)
K6.1 18 (60.0) 2 (6.7) 10 (33.3)
K6.2 23 (76.7) 2 (6.7) 5 (16.7)
K6.3 17 (56.7) 4 (13.3) 9 (30.0)
K6.4 16 (563.3) 2 (8.7) 12 (40.0)
K6.5 16 (53.3) 5 (16.7) 9 (30.0)
K6.6 20 (66.7) 2 (6.7) 8 (26.7)
K6.7 14 (46.7) 5 (16.7) 11 (36.7)
K6.8 10 (33.3) 6 (20.0) 14 (46.7)
K6.9 13 (43.3) 8 (26.7) 9 (30.0)
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Table 5 Participant’s score in attitude section of KA-long COVID (N = 30).

Attitude section Mean SD
Al 1.60 1.037
A2 1.33 0.844
A3 1.73 0.980
Ad 2.40 0.770
A5 2.40 0.814
AB 1.93 0.907

Discussion

In this study, we developed a tool
using literature review and expert suggestions
and showed that it has good psychometric
properties. We followed guidelines from
reputable organizations to create the questionnaire.
However, the prevalence and definition of long
COVID are still uncertain and controversial,
and more evidence is needed.

From our preliminary result, we
found that almost all participants understood
that long COVID symptoms might be the same
or different in each person, in accordance with
the current media reports. However, there was
a diversity in other areas of knowledge. More
than half of the participants did not know about
the consequence of long COVID in terms of
phycological and digestive problems. Only
one-third of participants were aware that long
COVID could cause blood vessel blockage and
heart issues despite several studies suggesting
a strong association.” ** In term of attitudes,
most believed that regular exercise, adequate

rest and a healthy diet could reduce their

chances of developing long COVID, which has
been suggested as an effective multisystemic
therapy for long coviD.” Conversely, some
believed that vaccines, commercial drugs,
herbal medicine (such as Andrographis
paniculata), and probiotics could not prevent
the long COVID. The evidence supporting this
belief is not concrete; thus, it may be useful to
trace the roots of these beliefs through qualita-
tive processes.

Medical technologists have played a
crucial role in identifying and monitoring
COVID-19 cases during the pandemic. They
could continue to utilize their expertise to
promote health, prevent disease, and educate
the public on health-related issues. By doing
so, they could assist healthcare providers in
implementing effective preventative measures
and developing strategies to improve public
health outcomes. Research enables healthcare
providers to tailor their approach to care,
ensuring that patients receive personalized,
high-quality care. A proactive approach to

healthcare can have significant benefits,
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including improved patient outcomes, reduced
healthcare costs, increased patient satisfaction,
improved population health, and more efficient
use of healthcare resources.

There are some limitations of this
study. Firstly, it was based on a small sample
size, and given that a large proportion of the
participants were university students, it may
not be representative of the entire population.
Therefore, further studies are recommended to
verify the stability of KA-long COVID in a
larger population. Secondly, the study
included participants both with and without
previous COVID-19 infection, which might
have affected the results due to differences in

their experiences.

Conclusion

The KA-long COVID tool was found
to be valid for assessing the knowledge and
attitude towards long COVID. The study
showed good results in terms of content
validity, internal consistency, and intra-rater
reliability. Although there are some limitations to
the tool, the findings from a large population
can guide health educators, professionals,
researchers, and policymakers in developing
suitable management plans for long COVID

treatment and education.
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Abstract

Carbapenemase-producing Pseudomonas aeruginosa (CPPA) is one of the important
causative agents of nosocomial infections and is associated with increased severity of the disease and
prolonged of hospitalization. The aim of this study was to study the incidence of Carbapenemase-
production in Pseudomonas aeruginosa isolated from patients of Bamrasnaradura Infectious
Diseases Institute during 2015-2020. A total of 157 non-duplicated clinical P. aeruginosa isolates
composed of 82 carbapenem-resistant P. aeruginosa (CRPA) and 75 carbapenem-sensitive
P.aeruginosa (CSPA) isolates. Carbapenem (imipenem and meropenem) resistance was determined
in all isolates by using modified Kirby-Bauer disk diffusion method with imipenem and meropenem
and CPPA was tested by the Carba NP test. All 82 CRPA isolates were investigated for

carbapenemase genes bla_, bla__and bla by using PCR technique. The results showed that
IMP VI NDM

all CSPA isolates were susceptiblév[ to imipenem and meropenem, whereas CRPA isolates were
resistant to imipenem (95.1%) and meropenem (97.6%). Forty two of 82 CRPA isolates (51.2%)
had carbapenemase genes, and 39 (47.6%) isolates produce carbapenemase enzyme, detected by the
Carba NP test. Most CPPA isolates could be detected within 5 minutes. However, one isolate
encoding blaNDM gene gave a negative result by the Carba NP test within 2 hours. The sensitivity,
specificity, positive predictive value (PPV) and negative predictive value (NPV) of the Carba NP

test were 88.1%, 95.0%, 94.9% and 88.4% respectively. In this study, forty four (53.6%) CRPA

*Corresponding author E-mail address: kannikar.khu@allied.tu.ac.th
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isolates were CPPA. The Carba NP test was a rapid and reliable method to distinguishing

carbapenemase production in P. aeruginosa from non-producing strains.

Keywords: Pseudomonas aeruginosa, Carbapenemase genes, Carba NP
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Table 1 Results of the antimicrobial susceptibility testing of carbapenems susceptible (CSPA) and

carbapenems resistant P. aeruginosa (CRPA).

Antimicrobial agents (n) Number of Number of Intermediate Number of
Susceptible (%) (%) Resistant (%)
CSPA (n =75)
Amikacin (75) 75 (100.0) 0 (0) 0 (0)
Gentamicin (75) 75 (100.0) 0 (0) 0 (0)
Netilmicin (75) 75 (100.0) 0 (0) 0 (0)
Ciprofloxacin (75) 73 (97.3) 0 (0) 2 (2.7)
Ceftazidime (75) 66 (88.0) 2 (2.7) 7 (9.9
Piperaciliin (75) 64 (85.3) 2 (2.7) 9 (12.0)
Piperacillin/tazobactam (75) 68 (90.7) 0 (0) 7 (9.3)
Imipenem (75) 75 (100.0) 0 (0) 0 (0)
Meropenem (75) 75 (100.0) 0 (0) 0 (0)
CRPA (n = 85)
Amikacin (82) 44 (53.6) 3(3.7) 35 (42.7)
Gentamicin (82) 19 (23.2) 2 (2.4 61 (74.4)
*Netilmicin (81) 24 (29.6) 2 (2.5) 55 (67.9)
*Ciprofloxacin (79) 10 (12.7) 6 (7.6) 63 (79.7)
Ceftazidime (82) 14 (17.1) 2 (2.4) 66 (80.5)
Piperacillin (82) 14 (17.1) 15 (18.3) 53 (64.6)
*Piperacillin/tazobactam (75) 12 (16.0) 13 (17.3) 50 (66.7)
Imipenem (82) 1(1.2 3 (3.7) 78 (95.1)
Meropenem (82) 0 (0) 2 (2.4 80 (97.6)

* Some isolates of CRFPA have not been tested with netilmicin, ciprofloxacin, and piperacillin/tazobactam.
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Table 2 Results of b/alMP, blawM, and b/avNDM genes using PCR method compared to the results of

modified Carba NP in 82 isolates of carbapenem-resistant P. aeruginosa (CRPA).

Carbapenemase genes (n)

No. Isolates tested by modified Carba NP

Positive Negative
- bla, _ (27) 26 1
- bla,,  (8) 6 2
- bla  (4) 3 1
- bla, . bla,  (3) 2 1
- Negative (40) 2 38
Total (82) 39 43

3. wamsnadey Carba NP

e CSPA Winaaufiy Carba NP nn
leTwian vauziitze CRPA 82 lolmianliinauin
fiu Carba NP 39 'lolwian Govas 47.6) Fail 3o
CRPA 42 lelsaniinsrawudumiiniiiiuals
HaLIAAY Carba NP Haviua 37 lolsian (Govaz
88.1) Taw 34 'lolwian (5evaz 80.9) lviwna
vnmelu 5 i vazii 3 lolsian 18ud moving

NATIINVIU blaVM 2 'lolwian wazasIINY

I
gu2 ¥ie Ao bla wax bla 1 'lolxian 14
IMP VIM

wa Carba NP uvin tilevumwiziiuman
1§19 wenntmunH 1 Tolsan Aasrawudu

bla 2 lolatam asyawudu bla
NDM VIM

1 lolstan asyawueu bla ., woz1 Tolstan @579

fapal¥imaauniy Carba NP
ME, " VIM

4, % . X,
Wavmzyaunar 2 $lue wenaniida
NU¥e CRPA an 2 lolasian Nl¥ina Carba NP

G melu 5 i wdasrolinudu bla,

NP bla, ., bla

MP

bla waz bla ANANMIANHINU LT
VI NDM

X M ' P Q. X A v
Aedeenndum Ly 82 lelsan Thureiaing

touladianiniticug (CPPA) :1AmMsasIanyeu
MINATINEMEIT PCR waMselinauinmiedn
Carba NP 91134 44 (5e8az 53.6) lelsian lag
AN uIuMSIRTE vielrinauIndle3s
Carba NP 861391087 1191 42 waz 39 lolwian
Muady (Table 2) Mmyaaevlyl CPPA 10
Tolwianiiuenldifeunanuaaanianiuly
melu 5 17 Tnemsnagen Carba NP
idlonReuifisunamsnsadieds PCR
a2 modified Carba NP Wyt (¥s CRPA $1171
82 lolxian WinauiIn@ie3s PCR ¥3ansiany
gumsntug (bla ., bla, . bla )
uu 42 lelwian wazlvinaauaie3s PCR
$1191 40 lolsian Tngde CRPA Aigumitnitil
wd wulinauin@ie3s modified Carba NP
9u 37 lolsian waznuwaavulasunseli
NaauA1935 modified Carba NP §1u3U 5
Tolaian druudie CRPA #ilaimuduminiiiio
wazl¥inaaual835 modified Carba NP H{s117u

38 lolwian Taswunavinlasuvieliinauin
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#8335 modified Carba NP 91104 2 lolaian
darhinmunamanuh anusime ahine
1 o ad o pre
WAV LazMMUIgNaaY U895 modified
Carba NP 1ag1¥35 PCR {1435 gold standard
G ) v
nunEaNNhuazaNnusnzdesas 88.1 was
95.0 MNAFY LazMIUIYNALINLASAITIUY
waauiAusesaz 94.9 waz 88.4 mumey

a J
JV1TUANQ
= X .
Waﬂ’liﬁﬂy’l‘l'ﬂi‘:ﬁlaﬂt"]ﬁa P. aeruginosa
X, : ¢ A X ' -
ﬂﬂaﬁaﬂ’]ﬂQNﬂ15U’lWLuN WU']’]L‘]fE]ul')@lE]fﬂnﬂ‘UUﬂ
anav L%aﬁ‘lﬂ']iﬂﬁmu']ﬂ1iaaEl'l‘ﬂa’lﬂ‘llu'lu&lu

szrnamssaula®

Lﬁa\‘lmﬂ P. aeruginosa
Wuniialuansnves¥onelsn ESKAPE
(Enterococcus faecium, Staphylococcus
aureus, Klebsiella pneumoniae, Acinetobacter
baumannii, Pseudomonas aeruginosa wag

¥
1A

Enterobacter species) (¥8nguiiaNue3nIg
lumsnelsn MIUNINTZNOFD wazMIWAIU
dy 4! I 4 Y IS I
Aoen B umalransmugadnraevinugayde
oa Y X 1 Xy v(9)
Aauantalumsdvdvsenarsenguilla
#1ngu aminoglycosides (Huiunndldlu
o YR a X A A =
MsfaudiheAatreuuANToUNTHALTINDY
P. aeruginosa 8813l3nmu (lai¥enedosngs
¢ % L X ¥
MINUN THUMIABEINGHHTITINA naln
M3ABY1VBINGH aminoglycoside 819LAAIN
a IS &’ % S )
myansuaee laun gu methyltransferase
d' = Y ==
rmtB Ainuinndeievar 51.5 1INMIANEIV

El-Far wazamz"®

) X v X X
FINUVLBDNQNUYIND YT
ciprofloxacin g4 fiaSewas 79.7 uazen ceftazidime
Sovaz 80.5 uazen piperacillin/tazobactam
v = X

39902 66.7 UBNIINUNTIYNUNTADADYINAY

K X4 -
VINUVDAFBULUBINNTY efflux pump uay

ASTAIMS Muzdeu uazAa

outer membrane (mexAB-oprM, mexEF-oprN,
oprJ, opmB, opmH) v;n"laTemam(“) azdia
ATIIMNVIUNTIINZLZIRMTABEILABZTUA
WU ARARINMSLNTLUN ATIAWLEU IMP 48 910
72 lolwian (3evaz 66.7) wazAITIINVIUN
a Y o X . A
LNYIVBINUNITABYT1 fluoroquinolones AD
gnrvC1 (3ewar 51.4)""Y aiamsAnwiil
P. aeruginosa NAgAagINguAITUINIUN
A 4#‘ £ s 4 4 I'4 a4
dgunervesdumsaaeulsiasuinilug
Sevar 51.2 lmewudu bla . geiige (Seva:
36.6) 5990911AD blaVIM (Gowaz 13.4) uazdu
bla (Gewaz 4.9) FIULAAAIIINAITANY
a ¢  Aa X .
ANugNUesgUMIINNLwmdlTe P. aeruginosa
Tlsanervna 2 urandandagaval Fanwudu
bla, —giga 3ewar 27.7 mudieou bla,,

VIM
Y
sovas 23.9 waz bla
OXA-

P
" Sawaz 4.8 lunu

aw dy &' 1 1 I3 ) d' ] S
Il MmanedveInguATINNLUNNATIY WU EY
'3 aa g a = 1’4 aa a dl
MINATaileatiaNNduMSINNTINarTind Y
18un GES"? oxA-48"? 0xA-50"" w3e
wannnalnmsaesdu 9 laud efflux pump"”

4 T v
9 CPPA fNuenldtnouiavuadansansiady
Tamelu 5 19 Iasmsnaadey modified Carba
NP nxanuh¥esaz 90.7 Fadeandosnums
FIUFINNUWITeYaIF Carba NP lumsasiram
. Ay ¢ & aa
P. aeruginosa nanaeulsdimsinniuaves
Bouslah (2020)"*
NP test, the Clinical and Laboratory Standards
Institute (CLSI) Carba NP test uwaz
® v A
the RAPIDEC® CARBA NP lvinaniianylh
$osaz 92, 95, waz 96 MUMAY 1199NTZAL

N9 original Carba

v ¢ ¢ aa X o
YIMIas1eU kM SUNT NG Voat¥aNviay
JEaU d\‘]Nﬁiﬁﬂ'Iﬁ@]ﬁ'}ﬁ]ﬁWﬂ'ﬁﬁ%}’NLﬂuul"lﬁjl,tﬂﬂ

. A = = =
phenotypic ¥38NMINATDIUNIIFILANITINA
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(NDM) 918U bla , bla , bla

(16) = NDM-4 NDM- 5 NDM-7
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NDM

NDM-7
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4 %4
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mMsnadoy Carba NP ¢y 9100113389049 Lee
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A Study of Consistencies between HbA1lc and
the Incidence of Eye and Kidney
Complication in Diabetic Patients from Promkiri Hospital
Nakhon Si Thammarat Province
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Abstract

Thailand’s Diabetes Care Guidelines recommend HbA1c testing at least once a year in type
2 diabetic patients (T2DM); however, this may not be sufficient to prevent microvascular
complications especially diabetic retinopathy (DR) and diabetic nephropathy (DN). This research
aimed to study consistence between the average estimated HbAlc (calculated by converting from
blood glucose monitoring) and laboratory measured HbAlc, the cumulative incidence of DR and
DN in good and poor glycemic control groups, and the incidence density of DR and DN with
consistencies and non-consistencies HbAlc values in poor glycemic control group. The medical
records of 131 patients of Promkiri’s Chronic Disease Clinic registered to T2DM in 2010-2011
were analyzed. The results found consistencies of HbA1c in 1" and 2™ years after registration and
decreased in the following years. The cumulative incidence of DR in patients with good and poor
glycemic control were 0.188 and 0.365, DN 1.475 and 1.023, and DR+DN 0.142 and 0.342
respectively. The calculated HbAlc was associated with both DR and DR+DN (p < 0.05), the
incidence density of consistencies and non-consistencies HbAlc of DR were 2.03 and 4.71 per 100
person-year, and of DR+DN were 1.47 and 4.52 per 100 person-year. In conclusion, HbAlc testing

once a year may not be sufficient to prevent microvascular complications.

Keywords: Diabetic mellitus, HbAlc, Diabetic retinopathy, Diabetic nephropathy
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(stroke) warviaentdentnle (coronary artery
disease) > TumsAamumsmiuauzdnhiana
ludeavesfihelsnwvnusiiodl 2 American
Diabetes Association (ADA) mvualviims
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glucose monitoring (CGM), self-monitoring of
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Table 1 Demographic data of T2DM patients at enrollment.

356nA anAsny uazAm:

o

Demographic data n (%)
Sex
- female 100 (76.34%)
- male 31 (23.66%)
Age (years)
< 30 2 (1.52%)
31-40 13 (9.92%)
41-50 31 (23.66%)
51-60 39 (29.77%)
61-70 32 (24.43%)
71-80 14 (10.69%)
Average age 56 (20-78)
BMI (kg/m?) 25.00 (14.84-36.31)
Enrollment year
2010 88 (67.18%)
2011 43 (32.82%)

Table 2 Percentage of consistency between average eHbA1c and measured HbA1c of T2DM patients

in Promkiri Hospital calculated for 10 years in each glycemic control group.

Percentage of T2DM patients
Consistency Non consistency
Year Good glycemic Poor glycemic Good glycemic Poor glycemic
control group control group control group control group
1 46.56 32.82 12.98 7.63
2 41.22 2214 23.66 12.98
3 21.37 12.98 32.06 33.59
4 29.01 18.32 17.56 35.11
5 33.59 19.08 18.32 29.01
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Table 2 Percentage of consistency between average eHbA1c and measured HbA1c of T2DM patients

in Promkiri Hospital calculated for 10 years in each glycemic control group (Cont.)

Percentage of T2DM patients
Consistency Non consistency
Year Good glycemic Poor glycemic Good glycemic Poor glycemic
control group control group control group control group
6 25.19 16.79 25.95 32.06
7 29.77 16.03 21.37 32.82
8 20.61 20.61 33.59 25.19
9 16.97 19.08 21.37 42.75
10 21.37 24.43 10.69 43.51

Note: Good glycemic control group (HbA1c < 7%), Poor glycemic control group (HbA1c = 7%)

100.00

80.00 I
60.00
40.00

. I I I I I
0.00 I I I I
2 3 4 5 6 7 8 9 10

1

Percentage

Year

| Non consistency+poor glycemic control [l Non consistency+good glycemic control

Consistency+poor glycemic control [l Consistency+good glycemic control

Fig. 1 Percentage of consistency between average eHbA1c and measured HbA1c of T2DM patients

in Promkiri Hospital calculated for 10 years in each glycemic control group.



8734

3. qfl'ammjazau (cumulative incidence) M3
talsaunsnsaunar (DR) wasila (DN)
sEMINNgUNMUANIEAUINIMalaa (HbAlc
v U J dl U % =
< Jewaz 7) nunguimuuszavnmalalia
(HbAlc > Sesaz 7)
v Aa t4 a
3.1 gu@msalazanuniscialsa
wnsnsauna (DR) 518w
HANIATIIAANTBININAITATIVGUAN
Yszddvesdiholsainnudieizanadie
ndesenemwaem (fundus photography) Wy
atfimsalazaumsiialsaunsndounanaeln
Y d 4 . ¥ vao X
aaudtn 2 lunquinmvauszdvinaalaadail
0.053,0.019,0.021,0.022,0.047,0.013,0.013
wazludli 9 waz10 Linuiihelsaunsndounam
v L owa w % R
nelvd dnlunguinaivauszdmhaalalia
T@madail 0.130, 0.075, 0.041, 0.044, 0.035,
0.026, 0.00, 0.014 wazluilh 10 Winuiihelsn
unsndounmmelmi (Fig. 2)
3.2 aUanmisalazannisiialsa
wnsnseunla (DN) s19lna
HANIATIIAANTBININAIIATIVGUNIN
Yszditlvesdihelsaimnu Taglinansrama
viealfiamsFetlszneudie msnsIa Cr (eGFR),
gaydiuludaan: Tulasdayivluifaans swdy

356nA anAsny uazAm:

o

o

namIideveunnd (ICD10) wugiamsol

dzduvesmaialsaunsndouitlanslmicaus
i 2 lunguifiheiimuauazdnhmalda il
0.0374, 0.400, 0.158, 0.200, 0.143, 0.200 waz
Wi 8 @il 10 Bivufiholsaunsndouila
ol dounduifihoiimuauszduhemaldbis
§nadail 0.244,0.220,0.316,0.100,0.143 uaz
Wili 7 86 10 TiwuifiheTsaunsndouiila
wlvid (Fig. 3)

3.3 gu@niselazaunisiialsa
unsndeuimrniyla (DR+DN) nelwai

namsnaaeanugiamsaidzaumstiia
Taunandeuiimsanilandlmisaudili 2 lu
nquiimuaussduthmalda dail 0.031, 0.027,
0.019,0.021,0.023 wazluidli 7 434 10 laivny
fihelsaunsndeuiimimivlanslml duly
nduimuauszdhaaldin nadail 0.107,
0.053,0.048,0.010, 0.064, 0.035, 0.000, 0.025
wazluilf 10 iwudithelsaunsndouiionsaudy

laselvd (Fig. 4)



msfinyANuaenndedsznInNgl HbA Ic Avdanmanalsaunsngounmuas lnlugthelsawmanuian 2 8735
lsamgrnanwsnuAs daniaunsainssusy

0.5
o
@)
w 04
(0]
g 03
S
[$]
£ 02
()]
2
8 0.1
>
E
o 0

1 2 3 4 5 6 7 8 9 10
Years
==Go00d glycemic control == PP00r glycemic control

Fig. 2 Cumulative incidence of diabetic retinopathy (DR) in T2DM patients with good and poor

glycemic control at Promkiri Hospital calculated for 10 years.
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Fig. 3 Cumulative incidence of diabetic nephropathy (DN) in T2DM patients with good and poor

glycemic control at Promkiri Hospital calculated for 10 years.
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Fig. 4 Cumulative incidence of diabetic retinopathy (DR) and nephropathy (DN) in T2DM patients at

Promkiri Hospital calculated for 10 years.
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Table 3 Correlations between diabetes retinopathy (DR) and nephropathy (DN) in consistency and

non-consistency between average eHbA1c and measured HbA1c of poor glycemic control

T2DM patients in Promkiri Hospital calculated for 10 years.

Complication of T2DM Number of poor glycemic control patients with
complications P - value
Consistency (n) Non consistency (n)
1. DR 11 28 0.036*
2. DN 27 24 0.155
3. DR and DN 8 29 0.007*

Note: “*” represents p-value < 0.05, which resulted from analysis using Chi-square at 95% confident

interval

4.2 o ﬂﬂqff Ansal (incidence density)
mswalsaunsnsouna (DR) waziila (DN)
Tugthelsawnmnu nim average eHbAlc
dennaee wazliudennassnum HbAle nla
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namsAnud dangiamsaimatia

TsaunsngFounenidy 2.03 was 4.71 51860
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(Table 4)

Table 4 Incidence density of diabetes retinopathy (DR) and nephropathy (DN) in consistency and

non-consistency between average eHbA1c and measured HbA1c of poor glycemic control

T2DM patients in Promkiri Hospital calculated for 10 years.

Complication of T2DM

Incidence density of poor glycemic control patients with

complication

Consistency

(100 person-years )

Non Consistency

(100 person-years )

1. DR 2.03 4.71
2. DN 6.08 5.36
3. DR and DN 1.47 4.52
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Abstract

Dengue fever, dengue hemorrhagic fever, and dengue shock syndrome are the groups of
diseases caused by the dengue virus infection with the mosquito, Aedes aegypti, as the major vector.
Dengue viruses are classified into four serotypes including dengue-1, dengue-2, dengue-3, and
dengue-4. In every year, Ratchaburi is one of the provinces in Thailand where the incidence rates
of dengue virus infection are high. This study aims to monitor dengue serotype changes in dengue
fever, dengue hemorrhagic fever, and dengue shock syndrome patients in Ratchaburi province
during 2012-2020. The 1,027 samples were tested for dengue virus RNA by real time RT-PCR. The
results found that real time RT-PCR positive cases ranged from 37.6-74.7%. The prevalence rates of DENV-1,
DENV-2, DENV-4 and DENV-3 were detected as 36.5%, 26.3%, 20.6% and 16.4%, respectively,
including 0.2% of co-infection between DENV-2 and DENV-3. Notably, all four
dengue serotypes were circulated in Ratchaburi province. DENV-1 was found every year, while
DENV-3 and DENV-4 decreased in the last 5 years (since 2016). The number of DENV-2 has also

decreased and until the year 2018 onwards, it has been increasing continuously. Within 2,106 patient

*Corresponding author E-mail address: seksun@hotmail.com
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cases, antibodies detection against dengue virus were 48.6-95.9%, with 0-20% of primary infection
and 80-100% of secondary infection. The information obtained from this study notifies the epidemio-
logy, outbreak pattern, and dengue serotype data, which will be useful for dengue control and

vaccine research and development to cover the strains of the dengue virus.

Keywords: Dengue virus, Dengue fever, Dengue hemorrhagic fever, Serotypes
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TneasrrstiauazlSina IgM uaz IgG dawe e
1A9n 35 Ab capture ELISA (Cappel, Ohio, USA)
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IgM {luratnadiesm IgM annnvsewihfu 40
glin war Dengue IgG unainiles IgG
3 A 1w a A o 1 1
nAndvIsniy 100 gila lunsaidadiuszning
IgM uaz IgG nnnhvsewiy 1.8 uazszeziii
sznhaaeansausnuazaian 2 iadudausd 7 Ju
¥ P N
Wl wanadr ghedaeliiamenniausn
(Primary infection) lunseidadiuszning IgM
waz IgG tlowni 1.8 uazszesynesznilaaen
Y P . .
AusALazAzan 2 enulihu 17 Ju uaasn

¥ %
Q’ﬂ)ﬂﬁmiﬂﬂ (wa (Secondary infection)”

NAN15IY
Ejﬂ’wLmﬁﬁ'léﬁumﬁﬁﬂ{iﬂmaﬂﬁﬁﬂﬁw
Lal¥wen Widenssnasan viseliidenssnden
ey 2.106 NevizoYevas 14 Adhiums
Famlulsanevnansys lugiad we. 2555-
2563 éqttﬂnﬁi’wu’;ui{ﬂwﬁﬂL%ﬂ'lﬁmmﬁ“luu&ia:
T Gaustl w.. 2555, 2556, 2557, 2558, 2559,
2560, 2561, 2562 waz 2563 lailu 451 Govaz
27.8), 395 (5owaz 29.6), 284 (3ovaz 28.6), 428
(302 9.8),72 (Fovay 18.4), 102 (3owaz 15.8),
159 (Gawaz 9.0), 173 (Gewaz 9.0) waz 42
(Gewaz 4.3) mumay Tﬂﬂwuﬁwmuﬁﬂwam%a"lﬁa
insngagalull w.e. 2558 (Fwou 428 1e) udlu
Yaa'ld (w.7. 2559) wuﬁwmuﬁ’jﬂwénaﬂﬁaﬂm
@i’wqﬂ (72 119) msenMeviealgiamsluian
[FoInsAnTIINLLEUALEAYTIA TgM Waz/ni
IgG 35 ELISA 3a9az 48.6-95.9 uazdudums
ATIINUANIHUGNITNAILTF real time RT-PCR
$oway 37.6-74.7 (Table 1) NAMIIATIZH
amuamasAnenaueuAveAluFIII
Ann wudlumsangeniausnifiss¥esas 0-20
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a A

LL@iﬁJquﬁmm%aeﬁﬁasa: 80-100 (Table 2) Tag

L7

aglunguiiihelsaldiasn (DF) Sevaz 58.6-80.1
Wihelsaldiaenesniasn (DHF) Sevaz 16.6-
35.9 Kihelsnldidensenden (DSS) Seva:
1.3-12.9 uama’wmiﬁﬂL%’a%ﬁmmﬂﬁquuia
lunguiangehidnsilfdeasiam
ansWiugnssu 1ngds real time RT-PCR Haviua
1,027 119 wuwauan 602 518 (Govaz 58.6) uaz
Tunmammeiuuessehimasiinudsadiy
et aeh¥aaai-1 1A9R-2 1Aaf-4 uaziaan-3
nudewaz 36.5 (220 519) Jewaz 26.3 (158 719)
$o8az 20.6 (124 719) uaz3owas 16.4 (99 71¥)
auAd YN MATImuMIAnTeI N TR
hiaaei-2 waziie'lhianan-3 Yovaz 0.2
(1 719) (Fig. 1) Tﬂﬂﬁsﬁiﬁﬂﬂﬁwuqu@iuizmw
U w.et. 2555-2563 luusazdladaunullin (Fig.
2) Taviusehidaei-1 dhudlaveinlinn
TuvaEiaan-2 ilumausn @ 2555-2556) ud
GuanasFarnuludl we. 2557 waziusnlmily
Frands (w.a. 2561 uduly) drumei-3 was
t@9n-4 wulusianans q (w.el. 2557-2559 uazil
WAL, 2557-2560 muddn) uenaniiuil w.a.
2562 Gawumsanize 2 dlsvedsiniu (1nei-2
waztAan-3) 11U 1 518
idlonnziaaummnueamsAndeiaa
lufihe wuhdageasusndrvhidai-1
A9N-2 1A9N-3 waziAan-4 3eeaz 59.4, 18.8,
17.2 waz 4.7 muaay “lummzﬁwnﬁjﬁﬁm%a%
melidman-1 aen-2 aan-4 waziaan-3
$owaz 31.9,28.2,25.0 uaz 14.6 muaau (Fig.
3) ludtheldasn (DF) Aannaehianai-1
@aN-2  1A9n-4 waztaen-3 Sewaz 37.6, 24.3,
20.4 waz 17.4 muddvludiheldidensentasn



wa

F 4
guamsaimsanivauas 3l hsmasnluimianyys senidl w.a. 2555-2563 8749

(DHF) tnanawahidnan-1 1aan-2 wan-4  nudndannie hiamen-4 aen-1 @an-2 waz
wazaan-3 Yoeway 32.7, 32.0, 23.1 waz 12.2 (@9n-3 Yowas 38.5, 26.9, 23.1 uaz 11.5
auddy luvasndihelsaldidensensenndy  muddy (Fig. 4)

Table 1 Number of dengue positive Ab (IgM and/or IgG) and/or dengue genome in dengue patients.

Year B.E. Positive dengue Ab Positive dengue genome
by ELISA (total tested) by real time RT-PCR (total tested)
2555 83.8% (n = 451) 46.2% (n = 117)
2556 95.9% (n = 395) 45.9% (n = 74)
2557 89.4% (n = 284) 37.6% (n = 178)
2558 86.2% (n = 428) 74.7% (n = 312)
2559 48.6% (n = 72) 50.0% (n = 46)
2560 79.4% (n = 102) 72.9% (n = 59)
2561 84.9% (n = 159) 56.2% (n = 73)
2562 70.5% (n = 173) 60.9% (n = 128)
2563 81.0% (n = 42) 72.5% (n = 40)
Total (n = 2,106) Total (N = 1,027)

Table 2 Occurrence of dengue primary infection and secondary infection by years during 2555-2563.

Year B.E. Dengue infection as determined by ELISA
(total tested = 1,174) Primary infection (%) Secondary infection (%)
2555 (n = 233) 42 (18.8%) 181 (81.2%)
2556 (0 = 190) 38 (20%) 152 (80.0%)
2557 (n = 98) 15 (15.3%) 83 (84.7%)
2558 (n = 303) 36 (11.9%) 267 (88.1%)
2559 (n = 27) 0 (0%) 27 (100%)
2560 (n = 74) 14 (18.9%) 60 (81.1%)
2561 (n = 116) 20 (17.2%) 96 (82.8%)
2562 (n = 104) 16 (15.4%) 88 (84.6%)
2563 (n = 29) 2 (6.9%) 27 (93.1%)
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Fig. 1 Distribution of serotypes dengue infection in Ratchaburi province during 2555-2563.
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Fig. 2 Percentage of dengue manifestations; dengue fever (DF), dengue hemorrhagic fever (DHF),

and dengue shock syndrome (DSS) vs dengue serotypes.
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Fig. 3 Percentage of primary and secondary dengue infection in dengue patients vs serotypes.
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Fig. 4 Percentage of dengue manifestations; dengue fever (DF), dengue hemorrhagic fever (DHF),

and dengue shock syndrome (DSS) vs dengue serotypes.
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Extraction and Evaluation of Antifungal Compounds
against Mucormycosis and Aspergillosis from Thai Herbal
GPO Products Used for COVID-19 Patients
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Abstract

The affecting of current COVID-19 epidemic in patients complication with COVID-19
associated mucormycosis (CAM) and COVID-19 associated pulmonary aspergillosis (CAPA) results
in fatal and life-threatening. Andrographis paniculata (AP) and Curcuma longa (CL) herbal products
by the Government Pharmaceutical Organization are used as an alternative treatment for COVID-19
patients while the antifungal activity data are still unknown. We aimed to test the antifungal activity
of herbal products against CAM and CAPA pathogenic fungi together with suitable solvent extraction
of active compounds from both products. A screening antifungal activity test using powder of
AP and CL (200 mg/mL) in hexane, dichloromethane, ethyl acetate, and methanol was conducted
with agar toxicity method against five pathogenic fungi: Rhizopus sp., Absidia sp., Mucor sp.,
Aspergillus fumigatus and A. flavus. The results showed that CL powder in ethyl acetate produced
better antifungal effect than AP. The highest inhibition effect on A. fumigatus was detected with the
mycelial growth inhibition (MGI) of 100%. For the extraction with partition method, % yield of CL
with methanol was 24.35% and 18.24% from AP crude extracts. The crude extracts (0.6 mg/mL)
in 1% DMSO were tested for antifungal activity by disc diffusion method. The crude extract from
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CL could inhibit the mycelial growth of 4 species of fungi, Mucor sp. Absidia sp. A. flavas and A.
fumigatus. The highest effect was on A. fumigatus with an inhibition zone of 12.10 mm while AP
could not show any effect against the tested fungi. The antifungal properties of AP and CL herbal
products here supported and added value to Thai medicinal herbs used in alternative treatments for

COVID-19 patients infected with opportunistic fungi that may be found in COVID-19 patients in
the future.

Keywords: Andrographis paniculata, Curcuma longa, Mucormycosis, Aspergillosis, COVID-19
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Table 1 Mycelial growth inhibition rate of Andrographis paniculata (AP) and Curcuma longa (CL) against

five human pathogenic fungi by agar toxicity assay.

Mycelial growth inhibition (MGI) (%)

solvent Herbal type
Rhizopus sp. Absidia sp.  Mucor sp. A. flavus A. fumigatus

AP 0.00 0.00 7.01 0.00 0.00
DI

CL 33.88 58.32 53.34 60.97 12.64

PC 84.50 66.89 84.50 84.50 84.50

AP 0.00 4.01 18.63 0.00 39.46

Hex

CL 42.27 56.08 54.64 54.83 25.97

PC 84.50 64.39 63.06 84.50 55.91

AP 0.00 0.00 38.06 0.00 0.00
DCM

CL 64.84 51.40 73.75 65.85 18.05

PC 84.50 60.29 60.83 84.50 32.69

AP 0.00 0.00 N/A 11.03 67.21
EtOAc

CL 79.90 53.79 N/A 71.08 100.00

PC 62.38 39.10 55.19 84.50 70.56

AP N/A N/A N/A N/A N/A
MeOH

CL N/A N/A N/A N/A N/A

PC N/A N/A N/A N/A N/A

AP; Andrographis paniculata, CL; Curcuma longa, DI; Deionized water, Hex; Hexane, DCM,;
Dichloromethane, EtOAc; Ethyl acetate, MeOH; Methanol, PC; Positive control (Amphotericin B 1 mg/
mL), N/A : Not available (no colony growth)
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Rhizopus sp.

Absidia sp.

gaAnTiy Noes uazAm

Fig. 1 Mycelial growth inhibition of Andrographis paniculata (AP) and Curcuma longa (CL) dissolved

in various types of organic solvent against five strains of human pathogenic fungi by agar

toxicity assay. AP; Andrographis paniculata, CL; Curcuma longa, DI; Deionized water,

Hex; Hexane, DCM; Dichloromethane, EtOAc; Ethyl acetate, MeOH; Methanol.
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Table 2 Weight and % yield of crude extracts from Andrographis paniculata (AP) and Curcuma longa

(CL) with different types of organic solvent by partition method.

Crude extract (g)

% Yield of crude extract

Solvent

AP CL AP CL
Hexane 0.77 2.36 1.54 4.73
Dichloromethane 1.01 6.28 2.20 12.55
Ethyl acetate 7.15 7.31 14.30 14.63
Methanol 9.12 12.17 18.24 24.34

AP; Andrographis paniculata, CL; Curcuma longa

4 v

3. MINAGIUYNBMULTTNVIIANTANAHED
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flavus Tagannsadudamsiaiameaisie Mucor
sp. ﬁ‘ﬁqﬂ ﬁﬁiﬂ%uﬁugamﬁtﬁmmaaL%’e)whﬁ'u
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Table 3 Antifungal activity of crude extracts from Andrographis paniculata (AP) and Curcuma longa

(CL) against five human pathogenic fungi by disc diffusion method.

Inhibition zone (mm.)

Solvent Herb type A. fumiga-
Rhizopus sp. Absidia sp. Mucor sp. A. flavus
tus
AP 0 0 6.35 0 0
Hex
CL 0 8.01 6.46 5.3 12.1
PC 8.72 19.44 6.38 22.06 21.71
AP 0 0 0 0 0
DCM
CL 0 0 0 0 3.49
PC 8.75 11.27 4.93 17.78 19.38
AP 0 0 0 8.51 0
EtOAc
CL 0 0 0 9.34 0
PC 9.25 10.41 4.95 23.20 23.14
AP 0 0 8.95 0 0
MeOH
CL 0 0 0 0 0
PC 9.28 10.85 9.15 23.98 22.89

AP; Andrographis paniculata, CL; Curcuma longa, DIl; Deionized water, Hex; Hexane, DCM;

Dichloro-methane, EtOAc; Ethyl acetate, MeOH; Methanol, PC = Positive control (Itraconazole

30 pg/mL)
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Fig. 2 Antifungal activity of crude hexane extract from Curcuma longa (CL) against human pathogenic
fungi by disc diffusion method; A) antifungal activity of Absidia sp. B) Aspergillus fumigatus and
C) Aspergillus flavus.: AP; Andrographis paniculata, CL; Curcuma longa, NC; Negative control
(Deionized water), PC; Positive control (ltraconazole, 30 pug/mL); DC; 1%DMSO control and

SC; Solvent control (Hexane, Dichloromethane, Ethyl acetate, and Methanol).

Fig. 3 Antifungal activity of crude methanol extract from Andrographis paniculata (AP) against
Mucor spp. by disc diffusion method: AP; Andrographis paniculata, CL; Curcuma longa, NC;
Negative control (Deionized water), PC; Positive control (Itraconazole (30 pg/mL); DC; 1%DMSO

control and SC; Solvent control (Hexane, Dichloromethane, Ethyl acetate, and Methanol).
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Simple Sample Preparation with SDS for Direct Identification
from Positive Blood Culture Using MALDI-TOF MS.

Nuttiya Srisurat® and Krittika Kamlangharn

Department of Medical Technology, Khon Kaen Hospital, Khon Kaen Province, Thailand

Abstract

Septicemia is a life-threatening condition. Accurate and rapid pathogen diagnosis is
essential for providing appropriate and expedient care to patients, thereby reducing the severity and
complications of the disease. The study aimed to evaluate the sample preparation method for direct
bacterial identification by the matrix-assisted laser desorption/ionization-time-of-flight mass
spectrometry (MALDI-TOF MS) technique. One hundred fifty-seven positive blood culture samples
from the BACTEX FX automated culture system were prepared for direct identification by MALDI-
TOF MS. The preparation was done by using 10% sodium dodecyl sulfate (SDS) as a lysis buffer
and 70% formic acid and acetonitrile for protein extraction. Then, the samples were determined by
MALDI-TOF MS and the results were compared to results from the standard method using colony
from solid media. The results showed that by using the direct method, the identification results were
correctly identified at species and genus levels at 81.53% (128/157) and 14.01% (22/157),
respectively. There were unreliable identification results at 4.46% (7/157). Those that were identified
consistently but the score represented lower than 1.70 were 3.82% (6/157) and no peak 0.64%
(1/157). There was no misidentification by using the direct identification method. The direct
identification results correctly identified at species levels were 75.68% (56/74), 88.24% (60/68) and
80.00% (12/15) for gram negative bacteria, gram positive bacteria and others (yeast and
mycobacteria), respectively and at genus levels were 17.58% (13/74), 10.29% (7/68), and 13.33%
(2/15), respectively. There was no difference of the spectral score level obtained from the direct
identification compared to using colonies with the Wilcoxon Signed Rank test at a confidence level
of 95% in the gram-negative bacteria (p = 0.142) and the others (yeast and mycobacteria) (p = 0.530).
However, using the standard method with MALDI-TOF in the gram-positive bacteria yielded
higher score compared to using the direct method, which are statistically significant (p < 0.05). This
study revealed that the preparation of positive blood cultures with 10% SDS for direct identification
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by MALDI-TOF MS showed excellent performance for pathogenic identification and shorter
turn-around time by several hours or even days (< 30 minutes to 2 hours). This rapid direct
identification allows a much faster optimization of antibiotic therapy in patients with sepsis compared
to conventional workflows (only the gram stain result was known), for effective treatment thus

reduced mortality and preventing drug resistance.

Keywords: Direct identification, Blood culture, MALDI-TOF MS
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wnseddie 1¥msianeidie Wilcoxon Signed
Rank test Ingnadeumsnszngvesteyanoudis

. y a
Kolmogorov-Smirnov test UUADU LLAEIZNT

=< o a .
ANEIAILEAITIgazRYAMN Fig. 1

Study design for rapid direct Identification and standard colony identification

Hemoculture positive ‘

Gram stain Rapid direct identification | Sub culture on solid media
smear & staining sample preparation (10 min)

Gram stain MALDI-TOF MS
TAT: 2 hrs. Report : gram stain result Report :identification result
TAT : 1day

Growth : colony
MALDI-TOF
Report : identification result

TAT : 2 days I

Data analysis
- Descriptive : identification results
- Wilcoxon Signed Ranks test : Score result

Fig. 1 Flowchart of the study design for direct Identification and standard colony identification.

MALDI-TOF MS; Matrix-Assisted Laser Desorption/lonization Time-of-Flight mass spectrometry,

TAT; turn-around time.
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“lﬁwamamaauﬁqﬂﬁm‘luszﬁu species W@z
genus Aailuiesaz 81.53 (128/157) uazivwvaz
14.01 (22/157) snuaay mMsuunsiavea¥e
Nndegalngasanybisnsansnunalang
dudewaz 4.46 (7/157) wialu wamnadeu
HAZUUY 139 score Hoenll 1.7 3ewaz 3.82
(6/157) Tadwy spectrum voallsAU 130 no peak
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¥iiaveasoianmannmsl¥ieadenlnoasa
(Table 1)

Table 1 Direct identification results by MALDI-TOF MS from 157 blood culture samples compared

to standard method.

Direct Identification by using 10% SDS as lysis buffer, n (%)

Organism Correct No reliable
Identification Identified to Identified to identified Mis-

) No-peak
by using colony (n) species level genus level identified

(score = 2.00) (score 1.70-1.99) (score <1.70)
Gram negative
56 (75.68) 13 (17.58) 4 (5.41) 0 1(1.35)

bacteria (74)
Gram positive bacteria (68) 60 (88.24) 7 (10.29) 1(1.47) 0 0
Other organisms (15) 12 (80.00) 2 (13.33) 1(6.67) 0 0
Total (157) 128 (81.53) 22 (14.01) 6 (3.82) 0 1 (0.64)

SDS; Sodium dodecy! sulfate, n; number of samples tested
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delauuanise) nuiimslys 10% SDS lums

8781

WIENFNBENT AITaNuUAsHnveaLre ldaga

y A o . A & v
QNABINITAY species Waz genus Antuiovaz
80.00 (12/15) waz 13.33 (2/15) MuMGY N
1 $heehe ansanenunaldiisnniazuuy
score Hpond1 1.7 Ao Cryptococcus neofor-
mans (Table 1 waz 4)

o AN TIIEAUAZ U (spectral score)
nladnnminadeumemaiia MALDI-TOF MS
Tunduiwenannsanenunald (szdunzuuurse
score = 1.7) WSsuieuszrinamsnageuaiey
v [ A s E% = I3
fMedataenlngnsd numslslaladiane1msuis
@28 Wilcoxon Signed Rank Test N15zAuAM

4' a‘; Y 1 o a &'
Wotiudoway 95 WUINMITIUUABLAVDILFBIN
Y [ A s E% d‘d’ vV
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Table 2 Direct identification results of gram-negative bacteria by MALDI-TOF MS from positive blood

culture samples compared to the standard method.

Direct Identification by using 10% SDS as lysis buffer, n (%)

Organism Correct No reliable
|dentification Identified to Identified to identified Mis- No-peak
by using colony (n) species level genus level identified

(score > 2.00)  (score 1.70-1.99)  (score <1.70)
A. baumannii (7) 3 (42.86) 2 (28.57) 2 (28.57) 0 0
B. pseudomallei (11) 2 (18.18) 8 (72.73) 1 (9.09) 0 0
E. cloacae (3) 3 (100) 0 0 0 0
E. coli (20) 20 (100) 0 0 0 0
K. pneumoniae (6) 6 (100) 0 0 0 0
M. morganii (2) 2 (100) 0 0 0 0
P. mirabilis (4) 4 (100) 0 0 0 0
P. aeruginosa (5) 4 (80) 1 (20.00) 0 0 0
Salmonella species (4) 4 (100) 0 0 0 0
V. wulnificus (3) 1 (33.393) 2 (66.67) 0 0 0
Achromobacter xylosoxidans (2) 2 (100) 0 0 0 0
Aeromonas caviae (2) 2 (100) 0 0 0 0
Aeromonas hydrophila (1) 0 0 1 (100) 0 0
Aeromonas veronii (1) 1 (100) 0 0 0 0
B. cepacia (1) 1 (100) 0 0 0 0
B. vietnamiensis (1) 1 (100) 0 0 0 0
S. maltophilia (1) 0 0 0 0 1 (100)
Total gram negative (74) 56 (75.68) 13 (17.58) 4 (5.41) 0 1(1.35)

Wilcoxon Signed Rank test p =0.142

SDS; Sodium dodecyl sulfate, n; number of samples tested, p; p-value (statistically significant < 0.05)
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Table 3 Direct identification results of gram-positive bacteria by MALDI-TOF MS from positive blood

culture samples compared to the standard method.

Direct Identification by using 10% SDS as lysis buffer, n (%)

Organism identified Cormectly identified Unreliable Mis-
by using colony (n) at species level at genus level No-peak
identified

(score = 2.00) (score 1.70-1.99) (score <1.70)
E. faecalis (6) 4 (66.67) 2 (33.33) 0 0 0
E. faecium (8) 8 (100) 0 0 0 0
S. agalactiae (2) 2 (100) 0 0 0 0
S. aureus (18) 18 (100) 0 0 0 0
S. dysgalactiae (5) 5 (100) 0 0 0 0
S. haemolyticus (4) 2 (50) 2 (50.00) 0 0 0
S. pneumoniae (2) 2 (100) 0 0 0 0
S. pyogenes (10) 7 (70) 3 (30.00) 0 0 0
S. suis (6) 6 (100) 0 0 0 0
E. rhusiopathiae (1) 1 (100) 0 0 0 0
Lactococcus lactis (1) 1 (100) 0 0 0 0
S. gallolyticus (1) 1 (00) 0 0 0 0
S. sanguinis (1) 1 (100) 0 0 0 0
S. saprophyticus (1) 1 (100) 0 0 0 0
S. epidermidis (2) 1 (50) 0 1 (50) 0 0
Total gram positive (68) 60 (88.24) 7 (10.29) 1 (1.47) 0 0
Wilcoxon Signed Rank test p = 0.003

SDS; Sodium dodecyl sulfate, n; number of samples tested, p; p-value (statistically significant

< 0.05)
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Table 4 Direct identification results of other organism (Yeast, Mycobacteria) by MALDI-TOF MS

from positive blood culture samples compared to the standard method.

Direct Identification by using 10% SDS as lysis buffer, n (%)

Organism identified Correctly identified Unreliable e
by using colony (n) at species level at genus level No-peak
identified

(score = 2.00) (score 1.70-1.99)  (score <1.70)
Other organisms
C. albicans (3) 3 (100) 0 0 0 0
C. glabata (1) 1 (100) 0 0 0 0
C. neoformans (5) 4 (80) 0 1 (20.00) 0 0
C. tropicalis (2) 2 (100) 0 0 0 0
M. kansasii (1) 0 1 (100) 0 0 0
M. tuberculosis (1) 0 1 (100) 0 0 0
Rhodococcus hoagii (1) 1 (100) 0 0 0 0
Clostridium perfringens (1) 1(100) 0 0 0 0
Total other organisms (15) 12 (80.00) 2 (13.33) 1 (6.67) 0 0

Wilcoxon Signed Rank test p = 0.530

SDS; Sodium dodecyl sulfate, n; number of samples tested, p; p-value (statistically significant

< 0.05)
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