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UNANED

uni: inaadoaitutiu (Platelet Rich Plasma: PRP) unislumaidanlunssnwlsadowndau (Osteoarthritis
Knee: OA knee) wiin1ssamiday PRP aelfuadmnieaadin mﬂﬂatﬂmiammiﬁﬂLauLLafzmSﬂiszumsw%meEmim
(growth factors) LWEAITNUNINITINATIY AfunuTpandgeludmuUanafyLasiuADUATITIASL SIUTIHE
ANSSABNTINS LT A ULAZSZZET) TngUssasd: Lﬁamu@mﬁumaumzmuﬂﬁm%w PRP S {01803 wazsueu
HaN153ABT ABANSAARN: TIBNUHNAINYTINTTABLLIY OA Knee 9111 50 518 58ndne 1 SunAN w.a. 2564 &9
31 WeAdAILY WA, 2565 wasfnmIud 1, 3 uaz 6 o lnesunudhnunprdnuasmsansae Aundadonduiu seau
AMULIULIA (Visual analogue score: VAS) wazazliuiluuysefinanuidutiaiain (WOMAC score) Man1s@n:
AARILMSSAEITeRNR 47 18 ama?is 6476 + 7.3 T Bﬁﬂ%ﬁﬂ'w:ﬂﬂLﬂuﬁmﬂuﬁamzm 3-4 (41 51%) WUANLAEALEDA

v
=3

Tulidydeey 2.7 wih (258,562 + 78,204, 702,621 + 718,621 platelets/mm3) VAS Aaudnwnay

'
v a

6.7 £ 119 anasiisfadAa? 1, 3 taz 6 Hpu (3.7 £ 1.38,2.77 £ 1.20, 2.68 + 1.2) WOMAC score fiaudaLnantanawiuiy

4332 + 1491 a@aqﬁﬁyﬁwﬁzy‘*?i 1,3 uay 6 fau (31.00 + 16.26, 26.80 + 15.41, 25.31 + 13.74) unagu: Msivua
WAsEINASIASEL PRP anansasnufialdeselulsewgnaiumadaniiasnwmgiag OA Knee finanssnumndia

AauduLazrasuLiNy

WinRamudl 6 wwau teudseeuaniisutin (VAS) tazazuutuulsefiuanuidudinian (WOMAC score) anas

Ard1A: n1sAalinil, fatdey, indaldaawut
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Abstract

Introduction: Platelet-rich plasma (PRP) is an alternative treatment for osteoarthritis of the knee (OA Knee).
While PRP treatment has shown promising clinical outcomes through its anti-inflammatory mechanisms
and growth factors, literature reviews reveal debates regarding its short- and long-term efficacy, as well as
safety concerns and the complexity of the preparation process, which may hinder its therapeutic outcomes.
Objective: To standardize the PRP preparation process for treating OA Knee and evaluate the treatment
outcomes. Methods: The study was conducted on 50 patients with OA Knee from December 1, 2021, to
November 30, 2022. PRP was prepared according to standardized protocols, and the outcomes at 1, 3, and
6 months post-treatment. The primary outcomes included platelet concentration in the PRP, pain intensity
measured by Visual Analogue Scale (VAS), and functional improvement assessed by the WOMAC score.
Results: A total of 47 patients completed follow-up, with a mean age of 64.76 + 7.3 years. The majority had
advanced OA (stage 3-4; 41 patients). Platelet concentration in PRP significantly increased by 2.7 times after
centrifugation compared to baseline (258,562 + 78,204 vs. 702,621 + 718,621 platelets/mm3). Pain levels measured
by the Visual Analogue Scale (VAS) significantly decreased from a baseline of 6.7 + 119 to 3.7 £ 1.38, 2.77 + 1.20,
and 268 £ 1.2 at 1, 3, and 6 months, respectively. Knee function and quality of life, as assessed by the WOMAC
score, also showed significant improvement. The baseline score of 43.32 + 1491 decreased to 31.00 + 16.26,
26.80 + 15.41, and 25.31 + 13.74 at the same time intervals. Conclusion: Standardizing the PRP preparation
process is feasible in hospital settings and offers an effective treatment option for OA Knee. The treatment
demonstrated significant pain reduction and improved knee quality of life (WOMAC score) for up to 6 months
post-treatment.

Keywords: Intraarticular knee injection, Osteoarthritis knee, Platelet rich plasma

unu1 (Introduction)

Tsaifauiidau (Osteoarthritis Knee: OA Knee) luilaymanfauwusnalunguauligeony uaziilsafina iinnians
U2e110 11Ases ausunILAsnwEindusnann amaEoinsuanasdatausaadsiuie (synovitis) W
dunnedowndon wuamensshsfinayis cf]y’ﬂLwimsﬂ%”ugﬂl,l,umﬁlﬁﬁ%m Wi sansiliaaundeennmnng anshnrh
AsapAmasAYEnaudpsauieh msdavniioulaefithnuyiisannssauueda W safasend
mMs8ninnan Agsia ety hyaluronic acids (HA) iLaztnantanaLingu Quﬁw%@ﬁamsmﬁm Wazud iy
Tuanliffonnisun?

naaEpaLuTy (PRP) Idinarnnsuindenueeauliinaiunsiuuenta (centrifuge) mniudaiiamzdiunsenans
(puffy coat) Fefidrunauvpundndonuaziindanuadudiulssnounan wassafiduUsenaudug wi platelet derived
growth factor, transforming growth factor alpha-beta, vascular endothelial growth factor, epidermal growth
factor, fibroblast growth factor, connective tissue growth factor, insulin like growth factor-1 (mswﬁ 1) Juu
dmisznpumaiiinafdansiuyaamipin ManalnmsauauLaznszdumsuisiiuaaniaiion anmssaEY LAY
ﬁ’gzl‘ﬁuvjammma (maintain hemostasis, regulating the inflammation and regenerative of wound healing)®*

m15199 1 uansdrudsenaudanluindeadaaLiui

Co-factor in platelet rich plasma

Platelet-derived growth factor (PDGF)

Transforming growth-factor-beta TGF-b)

Vascular endothelial growth factor (VEGF)

Epidermal growth factor (EGF)

Fibroblast growth factor-2 (FGF-2)

Insulin-like growth factor (IGF)
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Waauazannissnauldagreduszansninunntu
wneAuaslinulungulsasase uafifaidsdalinan
wazalfansuInnd wimadiafliuanissamifnd
dmsunsshudowden natunsaEnmwzidn PRP
MAN5I1FD99DUIIHANDINNTLIA LLazLﬁ'mmsﬁmﬁ
FaunlfRnd1 PRP mamsiusaudien Wiaenadianuduiiy
UpuAGALEDAZNT sanalifigniannssniey LAZATYAH
msarailpialdATy arhalsAnnu namsshwmdsiuag
futladudu q Wi mafinnsesuu PRP wazdnueisuas
Hihsusdagsgt

S'z”fﬂa']miaa‘gﬂLiﬂmmmmmi‘ﬁu PRP LUuan9say
(Double Spin Technique) ﬁﬁumauﬁﬂﬁﬂgﬁﬁﬁ:

1 msthusauusn (Soft Spin): LlgnWaaUN (ﬁﬁmﬁmﬁam
LazLALEDAYNY) aRNMNALASLIALEDA LAY STTAULEY
59U 200-18006 (gravity) Wuwan 5-15 w1l

2 msilusaufians (Hard Spin): WanaunfilFannsouLsn
azgniludizanuifigedn 1wu 900-1600G Liuna
5-15 it iiavhiFnaaLEen duiubu uazlensILWaNE
fisindedaniioy (Platelet Poor Plasma: PPP) aanann
dufiflinde@aauiudu (Platelet Rich Plasma: PRP)

3. Msifiv PRP: ndsmsilusoudians azviasge PRP
panpgeseiasy e WeandndsensUudouainwad
Wadonunense PPP Tauvialuazld LP-PRP Uszaie
12 §iaddns dwsuiilUlnieasunng aszuaunsh
gaanliluneadfinagnend1wine wsizaansaysy
wasgIuaMuiuiurauniadanld uazmuzdnsy
A3 a6 9 W AsEAn wazdd niolsafne? s

AsTNUMSIASELLN SR Eaa uiudnans Uy ensTd
gunsalluudISadelinmgenin uazuoumslinanaLiy
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\BanUnfA erlvaasisdpuindaennauliindumsinioeduia i idsannnznouudeiu aniiuduhdundadaaduiu
(buffy coat) il §ITpFednemsnaInIATEUINATIASEUAGAEDALTNTIN SINTNAITAILANAMAIN HDAITSAI
duhelsafipuniFounfivseansaminlseweuiagingsl

35n1sAnun (Methods)

sUupunsins (Study design) msAnsatnme (Umualuuluineii (Prospective Cohort Study) nguéiapgng
w%aﬂzjmﬂszmﬂsﬁﬁﬁmﬁﬁﬂwﬁ% h) ﬂgjmﬂufﬁﬁfcﬁ%“umsﬁﬁ@ﬁmﬂﬁmazﬁa wWEpw (OA knee) Tnafinnssdidasadusu
AnuEpNpeDL KLO-4 m1un1ssunnssasdnlindanssuy fuawea (Kellgren Lawrence: KL grading system)™
Famn51efi 2 ﬁLquﬂQﬂayuaﬂﬁayﬂﬁmsz@ﬂ wazlplseweIuagiinsel 91193 50 AN 521919 1 SUNAL W.A. 2564 §9
31 WO AFANYU W.6. 2565

M15199 2 LaasszyzplldpueuszuuiuLALLea (Kellgren Lawrence: KL grading system)

fulsadioidan Snumuefiny
0 AMWSIF lUnwudn e Eoy
1 Yunszaneon HUinia
2 PJunsrandnialal ¥aedneseninedaund
3 PJun5raAnBATALAL ¥D9I195ENINTBLADAYLINAANY
PJunsranedninlan gavitssendnedauavatiunais ﬁLﬁaﬂsz@ﬂ"ﬁﬁﬂizgﬂﬁiau
4 A¥A1Y (subchondral sclerosis)

WnarinsaaLdandseunsfidnen
wnerin1sAaLn (Inclusion Criteria) Aa gipia LihL?iaua”wﬁqmﬂLLmﬂﬁﬁ’ﬁU%ﬂﬁmmimqﬂ Tsatoundou T we. 2554
1aetandDLN WAz WS EnUTunsEneen (osteophyte) saudufidladuaenedas 1 Tu 3 Usza1sAs a1guinndl 50 I
szpznafiteila@adinditioendt 30 w1l (morning stiffness) waziiiuensauwLAsy (crepitation) Winwadaulsn
LANANNSAEDeA (Exclusion criteria) @s Aeiipnfiaie lsauziiaunsnsEnsunnszaniawilsa lufiasniausie
31 SUNRBEF LY LapSeriApetipifivy niomdusaudiinipiinanuds sdeundn 6 au uazihedlivnanmsdniay
wazdUandahBuuannfifnualunsisy

ASTUIUMSASBULNAALADALTNTIY
visfinguiadulminmadiansili PRP wuuasssas (Double Spin Technique) unusandly deil
1. gadanansiuupulanana tube 2 yila dp35UanaLie (Aseptic technique) (LLamTugﬂJ‘ﬁ' 1)
A. Tube complete blood count (CBC) WpdinsIataLsung platelet concentration
B. nanaanaLip (sterile tube)
C. Tube Acid Citrate Dextrose (ACD) 111@ 6.5 fiaddans 6 i
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|
PRP ZONE

34
b
fefet.

gﬂﬁ 1 uansnanafuldanildlszaauday A Tube complete blood count #1gwas (CBC), B. HannUanaLie
i (Sterile tube), C. Tube Acid Citrate Dextrose ’MZmans (ACD), D. 1A399 centrifuge

2. 1indoaly tube ACD vienasuuiuluiasee centrifuge (BTR MM7 PRP Centrifuge Machine, Beijing
Hanbaihan Medical Devices, China.) (LLamTugﬂﬁ 1) T@ﬂﬁ?’]musauﬁmﬁwmﬂ@iﬁavmLﬂ%éﬁ (RPM converted to
RCF tale guideline instructor)

- 59U 1= 3800RPM (RPM=round per minute) (1800G, G= gravity force) 5 w1l nasmsiuazLynldauiu ds
Fufiadonuag (Red blood cell) pgaegn snunfAn buffy-coat Ysznauludizindaidan (platelet) wazilinldnau1d
(White blood cell) aniiugaii buffy-coat 91n tube ACD Atluuda Tnsgamiiasiaiu RBC U5uau 1 fiaddnsss tube
s2uldnanailanalin (sterile tube) vianun 6 fadans WipLrsyuiuse (LLam‘ZugUﬁ 2)

-59u71 2 = 3500RPM (1500G) 8 11 Wougnfundadoniuiuoan uazuauiuiy naenisty Tﬁ@mﬁy’umﬁa
sawrnazaau (platelet pellet) Usunes 4 fadans douiaziduindaidonduiiu (leukocyte poor platelet rich plasma:
LP-PRP) findauldein uiadu 2 d1u fo 1 faddnsdmsuinanuduiundaidon uas 3 Haffasdmsudagiaey

3. wizudahiiawn Taedliazldsusnanninistianguwisngauaa paracetamol 500 mg 2 dia Lﬁammy
91A1SUIAHASEALNEALAD A LTU T

33J1‘r”i 2 LEATUABUAISIASHLINEALEDALTNTL A W@zidanngiig, B. niasa Tube ACD ¥d1anLaldanLasa, C. nana

Tube ACD nasluasefiniia a:wuﬁy’uéwqﬁﬁmﬁmﬁammq Funsanans buffy coat unyuAaiadanun wazindalian

waziuungadaindneansaplasma, D. fumaugaiubuffy coatasn, E. fubuffy coatfigngaasniamnuasiuduly

napalanaLie, F. nanalanalisndenisiiunssfians, G. naadpaiuiunsonliemn, H. q@ﬁ%maﬂaamﬁaw%mﬁm
211, I. Tumpusnndadnnindau
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mssﬁuswswﬁaga ANSIANANI9AISIaY (Outcome measurement) 's'mmuﬁa;ﬂau‘jymﬁu (AuA a1 Hnsin
fuflananiy sepznafildlumsesoundadoadiuiy Andadonnon wasndelly waznansshwTeAn wasrdeda
wnandaaudiuiud 1, 3 waz 6 o 1udwas (mean) vasanuduian (Visual analogue score) waz AzuuLAsUsiL
ANMULBUUIRTBLYN (The Western Ontario and McMaster Universities Osteoarthritis Index score: WOMAC score)
1T primary outcome wazATHIUNINERRA1Y independent t-test, Chi-square Test laglilusuasu SPSS Version 28
(IBM Corp., 2020). TﬂsqmﬁﬁymummLﬁuﬁaumﬂmmxﬂiiumia%sﬁssmmsﬁﬁaiumgwﬁ Lauagﬁ(iﬂﬂsqmi 143/2564

wan1sAn® (Results) ﬁt}jlﬁﬂ'ﬁ'ammuﬁﬁyﬁy’ﬂﬁu 50 578 LazaIN1TaRAAINNAANENINANTISElE 47 18 Tagdl
myqt,a?iy 6476 £ 73 1 @ﬂ'gyd’gumﬂﬂLﬂuﬁmﬂ%?iaﬂuizm 3 way 4 fanedududunaniy (Body mass index: BMI)
Wiy 27.78 + 9.33 FednaglungurisiniAuinast (overweight) munsutenguuns WHO'S asiluindeaidaaiiuiy
wUUaB958U (Double spin technique) wuinfidneiundaidandutiundadlufisuiuaouiy Lﬁﬁﬂ@ﬂ"}ﬂﬁﬁ%"ﬁﬁ@%ﬁﬂ
FafUTTURL 2.7 111 (258,562 + 78,204 platelets/mm? ez 702,621 + 718,621 platelets/mm? anua16v) fam1571971 3

f15199 3 uanelpyatipyalseuns (demographic data)

Age (year) 6476 +7.3
gender Male: female = 10:37
Body mass index
2778 £ 9.33
(Kilogram/Meter?)
Osteoarthritis Knee
Grading
(KL classification)**
O -
1 1518
2 597y
3 17 579
4 24 518
Platelet concentration P value
(platelets/mm?) before After Mean different (95% confident interval)
258562 + 78,204 702,621 + 718,621 -444111 + 712,371* 0.001 ((-r00.83)-(-187.163))
WBC count(cell/ml) Before After
6674.66 + 3909.39 9494.66 + 7968.06 -2820 + 7032* 0.03 ((-5355-63-(-284.36))
Timing of drawing to
16.50 + 5.84

injection (minute)

**K|L=Kellgren-Lawrence grading system, cubic millimeter (mms3), milliliters (mL)

*Statistically significant

sfuAMUSULIA (Visual analogue score: VAS) wuiAeugafianeduyidy 6.7 + 1196 Lazanasadeillydfey
eadfifiofiamunissawfl 1 1 @an (VAS = 3.7 + 1.382), 3 1iaw (VAS = 2.77 + 1.202) uaz 6 1iow (VAS = 2.68 + 1.2)
@‘Tﬂl,l,amiugﬂ“?i 3 WAZANSINT 4
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Visual analogue score

1month 3month
TIMING OF INJECTION

gﬂﬁ 3 uaavszauAMULdUlIn (Visual analogue score)

M15199 4 LLEavsERUAMULIULIa (Visual analogue score)

Timing VAS mean P value VAS mean P value VAS mean P value
injection different (95%Cl) different with (95%Cl) different 3&6 (95%Cl)
(month) compare with 1 month month

before
injection

6.7 £1.196

1 3.7+£1.382 3 +£1.268*

3 2.77+1202 3.936+1.451* 0.000 (3.510-4.362) 0.936 + 0.987* 0.000 (0.646-1.226) ref

6 268 +12 4.021+1.553* 0.000 (3.565-4.477) 1.021+1277 0.000 (0.646-1.396) 0.085+0.929 0.533 (-0.188-0.358)

*Statistically significant

syduAzLuNAsUsTiuaMuSULaTawn (WOMAC total mean score) fidmasunsazuunlaasiudaude
wnaaLdnaLiuiuwingy 43.32 +14.91 a@aﬁazmﬁﬁyahﬁsymﬁaﬁﬁLﬁaﬁ@mmmsfﬂmﬁ 11691 (WOMAC score=31.00 +
16.26), 3 19U (WOMAC score=26.80 + 15.41) uaz 6 1ini (WOMAC score=25.31 + 13.74) audsu invinsiiesnes
LYARNIZEINIDY (Sub-group analysis) W AzULLANULEULIA (WOMAC pain mean score) AugaRnupels (WOMAC
Stiffness mean score) azaNuaIATaUfTRAINTIH (WOMAC Activity mean score) sefwuninanissawnfia
Tpfrnzuuuanapnfiddfaneaiinanatensianiunssnw @‘TﬂLLamTugﬂJ‘ﬁ' 4 uazmseTi 5

WOMAC Pain mean score WOMAC Stiffness mean
score

9.87

PAIN SCORE

STIFFNESS SCORE

0 month 1month 3month 6month 0 month 1month 3month
TIMING OF INJECTION TIMING OF INJECTION

WOMAC Activity mean WOMAC total mean score

50

ACTIVITY SCORE
WOMAC TOTAL SCORE

0 month 1month 3month 0 month 1month 3month
TIMING OF INJECTION TIMING OF INJECTION

5UN 4 uansseauamiinannsUseliulaiin (WOMAC score)
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A15197 5 LansEduRmiinannsUseidiulaiin (WOMAC score)

WOMAC mean WOMAC mean WOMAC mean
different compare P value (95%Cl) different with 1 P value (95%Cl) different 3&6 P value (95%Cl)
with before inject month month

Timing
injection
(month)

WOMAC all
mean (SD)

I 5100:1626  123e1076 00009161549 ---
&) 26.80 +15.41 16.53 + 13.48* 0.000 (12.57-20.49) 4.21+9.03* 0.003 (1.56-6.86) ref
6 2531 +£13.74 18.01 + 13.00* 0.000 (14.20-21.83) 45.69 +12.00% 0.002 (2.17-9.22) 1.48 +11.14 0.366 (-1.78-4.75)

Timing Pain mean different Pain mean Pain mean
injection |Pain mean (SD)|compare with before P value (95%Cl) different with 1 P value (95%Cl) different 3&6 | P value (95%Cl)
(month) inject month month

9.87+2.89

3 5.11+3.023 4766 + 3.171* 0.000 (3.835-5.697) 0.936 +1.823* 0.001 (0.401-1.471) -
6 5.17+2.607 4702 + 2.866* 0.000 (3.861-5.544) 0.872 + 2.542 0.023 (0.126-1.1619)  0.064 +2.574 0.866 (-0.820-0.682)

Timing Stiffness mean Stiffness mean Stiffness mean Stiffness mean
injection different compare P value (95%Cl) different with 1 P value (95%Cl) different 3&6 P value (95%Cl)
(month) with before inject month month

1 2.66 +£1.508 0.894 +1.127* 0.000 (0.563-11.225) ref ---
3 221+ 1.444 1.340 £ 1.372* 0.000 (0.938-1.743) 0.447 £ 0.904* 0.001 (0.181-0.712) -
6 2.06 +1.241 1.489 + 1.412* 0.000 (1.075-1.904) 0.596 +1.192* 0.001 (0.246-0.946) 0.149 £1.083 0.351 (-0.169-0.467)

Timing Activity mean - . . Activity mean
injection GBS I different compare P value (95%Cl) ACt'v'tnY‘g::hw'th d P value (95%Cl) different 3&6 P value (95%Cl)

(month) with before inject month

28.47 +£11.055

1 21.21+11.538 7.255 £ 7.758*

3 18.55 +10.695 9.915 + 9.784* 0.000 (7.042-12.788) 2.660 * 6.876* 0.011 (0.641-4.678)

6 17.21 £ 9.751 11.255 + 9.914* 0.000 (8.345-14.166) 4 + 8.886* 0.003 (1.391-6.609)  1.340 £ 7.750 0.242 (-0.935-3.616)

*Statistically significant

2AUs1eua (Discussion)

NANANFIToAINTAIMLA LazAIuAuAMNIWATIATaInEaFaaTuiuldduss anasUszaunuieiae
flinsuusas wena wazmheUfiAnisnas wadlistsznansarssdusinzidanaudeiingiawung 16,50 + 5.84 ui
WwazANaNsaMUANAMNWANATLTUYBISER DI EREATuTUSNAEINT 27 wh BelndiFinayasisa (commercial kit)
Arthrex ACP® Double Syringe fidn 2-3 wingufiu waifianldansfilssndaniunnisdumadanlunsshwuaauld
el NaNISS A AR AIU150aRNTEAUANUTUUIN LazazluusUszdnauuUniown (WOMAC score) [dnana

o o

FeuzANTRAMINNNTINMINISTEE 6 WaupE Ty AN EF

P
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ANTILATIEADANIN (Meta-analysis) osuufivy
Fumsinennguauindauigi HA Feiinalnlunissnm
ApthundniAs (Lubricant effect) LLazamiLlsIATZLNA
(Cushioning) nawnuiintuds (synovial fluid) ann1ssney
WaznsEdUMSTHLYATEANSDY WUT PRP HuszAmBamiu
ANTLALIA LLaxLﬁmammwmsﬁwmﬁﬁﬂdwﬁ’ﬂuiwﬁu
wazszzy SIUBenaiuAyeii unnsiedi aghelsfinu
YS1naunnsan wazanuitunsSaPRP Sesdudaering
FawnRudin? Tuasiiansaudldlunssnw (Fua g
afigsaud (steroid) ﬁﬁaﬁﬁaaaﬂawﬁﬁuwﬁu ARNITBALEU
1§5u1n Usendn wsioralluusin i lilussuzanadinen
inansenuApns¥aAnaau (cartilage degradation)?

ANNMTNUMHITTUATIHNUAANFINANANULTN TN D
wandoanaeuiunn Sulives¥ransshwdiand
LLazﬁmmzammsﬁ&hazﬂiﬁszmm 2-3 wihduly® Baria
Uszlumsiues PRP thuanihn Liaziiuaasnwiin lumsshw
OA Knee ¥ialuszuzdn wazszazenife 19 Iay Gn1sinm
wuIsiEiasSa PRP ieasafion (Single dose injection:
SOl Alduanissawfialuszyzeald pgrelsfiniu
AR LSHUWED SOl fumsiananunsa (Multiple dose
inject: MDI) wud1 MDI Suuniliiuazaninl§fninfissay
1A 6 DU LAzA15EAT NNt LT ADINANTSA
WATuTuszEzaM FeonaagUldd MDI Sussansamannnt
AsaaRgInSaLRnqTe

Fefidnalumsll PRP fonainadueldun anasi
Sawauuan (Localized reaction) Fuianaldiosiuszaza
AsBaLialudoL UFASaUN (Allergic reaction)
Fepratusgfunasiladurinniunounsinsun nsie
PRP aufisiladuansauliies wunguiisnfidudueii
(immunocompromise host) 219(5AMIL NaTI9LAET
nanfilomafniulddosliuansieernaissnudag HA
viefiuasilomaldviay ueifudefiglrusasansids uas
a3uULAART Felusipaunsives inuraiiafss
finannunTnuASERIeBAAILATSAY

fiadAnupsnuiduil Aafidiuinnguiszmnsiioy
s lifinguauaudenaionfidanansisy (Placebo
effect bias) uazidumsIAUNAENENLISus T 6 1Faw
dpsndasufithnuneidosdulumsimunnszuiuns
ALAMAIWANSIASEN PRP THlAuassIY wazs1sa1y
namsshwiasdurnwianisiUldese waza1asioson
ms%s?ﬂ'luaummsz"fﬁawmmsaLﬁuﬁwuauﬂagafﬁmmﬁu
euuasfimunzaulunsde wasnanisshwluszys
2§17

unasy (Conclusions)

ASANARALNATIFIVANTASHUNAALEDALTUTUAIINT
WU UR ldaselulsameiuia wazlinan1sshugon
TsadpuEsuiifiunasansisuuuis 6 Wanlayiial
AMULSUYIA LazdaziuunsUsadinanulduliaiawi
WOMAC score anas uniislunmadannissnuiwd
fihefipinidouy
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Abstract

This cross-sectional descriptive study aimed
to investigate personal information, oral health
perception, oral health literacy, oral health care
behaviors, and factors associated with oral health
care behaviors among dental service users at Trang
Hospital. A total of 340 participants were selected
from dental service recipients using accidental
sampling. Data were collected using a self-administered
questionnaire during June-July 2024. Data analysis
was performed using descriptive statistics and
inferential statistics, including the Chi-square test
and Spearman rank correlation coefficient at a
significance level of 0.05.

Study results showed that the majority of partici-
pantswere female, with an average age of 33.37+12.39
years. Approximately 8176% had previously received
oral health education. Overall oral health literacy
across six domains was rated at a moderate level
(mean score: 104.88+17.26). Toothbrushing behavior
was rated at a high level (mean score 4.05+0.60),
while the use of additional oral hygiene adjuncts was
rated at a moderate level (mean score 3.17+0.82).

Factors significantly associated with toothbrushing
behavior (p-value < 0.05) included gender, perceived
satisfaction with oral health, having received oral
health education, and overall oral health literacy.
Specific domains of oral health literacy found to be
significantly associated with toothbrushing behavior
were: access to health information and services,
knowledge and understanding, communication skills
for enhancing expertise, and self-management skills.

Factors significantly associated with the use of
additional oral hygiene adjuncts (p-value < 0.05)
included: education level, perceived satisfaction with

oral health, and 5 of oral health literacy domains

which are the access to health information and services,
knowledge and understanding, communication skills
for enhancing expertise, self-management skills, and
decision-making skills.

Therefore, programs or activities should be
implemented to enhance oral health literacy, with
a focus on improving access to health information,
developing understanding, and strengthening
communication skills. These efforts will help the
working-age population effectively manage their
oral health care.

Keywords: Working-age Population, Dental service
recipients, Oral health perception, Oral health

literacy, Toothbrushing, Use of oral hygiene adjuncts
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Abstract

Background: Muscle pain isa common health problem in older people and those maintaining prolonged
static postures. While anti-inflammatory medications are effective in relieving symptoms, long-term use
can lead to side effects. The Koklan formula, which is on the National List of Essential Medicines, offers an
effective alternative for pain relief, but its traditional form is inconvenient to use. Objective: To develop
Koklan formula 3 in effervescent tablet form and evaluate user satisfaction. Methods: The study involved
the development of Koklan formula 3 as effervescent tablets, evaluation of pharmaceutical properties and
assessment of user satisfaction. Results: The optimal formulation per tablet contained Koklan formula 3
extract (100 mg) in combination with pharmaceutical excipients such as sodium bicarbonate, tartaric acid,
lactose, citric acid, polyethylene glycol 6000 and talc, using monk fruit sweetener suitable for individuals with
sugar restrictions. The product met the standard requirements for disintegration, hardness, friability and pH.
The user satisfaction evaluation showed the highest satisfaction in all aspects. Conclusion: The development of
traditional herbal medicines into a standardized effervescent tablet form with high user satisfaction represents

asignificant advance in the modernization of Thai herbal products for improved convenience and ease of use.
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faudi 1 fayavinly 91ua% 4 T8 THUA twe 91y sziuMSAnW uaznFnwnan
gl 2 LuvUsaiuanufenalasiassuswanlanageas 3 tugduuusdey oraadasazinnmsdang uas
wWisupundaduriiazusseiarinaunsuuuuaauay Ingdssdiuanuiewalalu 4 du (dua anuienalalududam
AuANUazAdn MuA1sTiNg Mustiuundada nsdsadulfunsiarieuafivasdi@sy (Likert scale) 5 sediu dai
1) ﬁﬁwafaﬁaﬂﬁq@ =1 ALY

2) Hewalatiny =2 AU
3) Hanalatunans = 3 @AZLUU
4) Nawalagnn = 4 AU
5) Fewalaunnfian =5 @zLUU

a

>
=1

LENAINISUanUrINYARAsAMUN WD T LUl 5 5Ty fail

ATLLURAYTEMI19 100 - 180 manwiie Hewslatipufiqn
ATLULLRAEIAINN 181 - 260  waneds Rewalaiioy
ALULLAAETEAINNG 261 - 340 wanpds Rewalatunans
ALUULINAYTERING 3.41- 420 wanude Rawalaunn
ASLULLAAYTIATNN 4.21 - 500 wAupds ﬁwaiamaﬁq@

8.2 msmsaaaanqmmwm%‘mﬁa LLmJaaummfﬁ%’umsmiaaaaummgﬂﬁmLLazmmmmzamamﬁam LA
mmmﬂ;ju’?énmzyﬁmmﬂwmmufwwszqﬂﬁ 9 3 ¥iu MsasIaspuAMILEay ;j"‘aé’ﬂﬁmwaauamﬁﬂ%”uﬂj\i
mmﬁmauaLLuzUmrﬁu”immmfﬁwmaauﬁuaajmﬁaaﬂwﬁﬁm AU 12 Al ﬁﬁﬁﬂwmﬂﬂﬁtﬁmﬁmémLﬁwmyﬁq
athuiudeseArmaanuniuds A dulsEans SaniupenseaLUIA (Cronbach's Alpha Coefficient) tawizlu
doudi 2 Fadunuulszanean 5 sedu

9. MsLAvsIVTIUTDYA miﬁﬂmm%ﬁm”wLﬁumﬂﬁmammﬁmﬂas:wﬁw%w?‘i 1 fiunau - 30 WwIuU 2567 8l A%
AMTUWNELNUNEUSEEAE AN ART unTINeauumansaId saunszuIunsiiuiyalfuadszunas 20 ufidesis
Tnafiiunousei

91 1JSzmﬂ%“'uaﬁm@,ﬁﬁ'aﬂmqms&imﬁwﬁﬂsxmé’mﬁus’”’yﬂﬁﬁﬂ

9.2 p1FatATATHIN LD AEISENYDULTNSINATIFY
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9.3 gEatAsRANTILLAENAap lTRNARN e (BuenUsunes 10 Gadaas)

9.4 praasinsUsafiuanuiawalasuiuyaauaiy

9.5 A519EBUANNYAFDILATANNAUYTIVDIUUVADUAN

9.6 a‘;”msuﬁsuﬁmﬂaLﬂami"ﬁmﬂzﬁﬁ'gﬂﬂmﬂsyﬁﬂL%@gﬂfﬂﬂwawvﬁ (Microsoft)

10. ngusspns/ngualngne MsAnwifisnsAadannguAIBENLULLEAY 911K 35 518 MAFUNTUUIAS
finafinmsunngdunulneyszynd pazunngemans unAngiduumansany W 1 5w Tasuunadingredmiaaniuy
uu5nswansia iy

10.1 naninsAmLanne 1aasiAsLinsaulasenis (Inclusion criteria) a185e%dne 20-60 U ldadniwe
FIUENNLATHEAY LazsduMsAn Tquawd faRdudaazanysel faasiinlald uasduflianusiufionanansidy

10.2 inarims@naananmsanun (Exclusion criteria) manasinsiifianuuszasduappnamnmsiinm pranadias
fiflsaUszandnseuss niafluseiRmsuneayulng

10.3 asuindsdsesnsaguiimung lasfiadpdsspduius wazUszauanusiudofuununnIsnng
WHUINYUSEEAA AMEUNNYAERT UN1TNBIRBUNIEITANY

11. sdaftilumsieszitinya msliessidayariall (we o1y sziumsAns aa1uniw uazo1Fwndn) Tasld
FAfALBwssaIN Usznaudiy A Seaz AeaY dautduauuinasgIu AEge LazANgeEn

Wan1s@Ane (Results)

1. ssadadsuslanamugasii 3 msafaayulnsiiiunslegisnisdufoadiei (Decoction) Wuszaziim
7 U wazasszmeineandigisasynudenuoudifenuds (Freeze Dry) l@ansanadunsdimadiufifindunay
laniipy T@gﬁmLaﬁyyaﬂmsaﬁﬂiﬂﬂmugmﬁ 3wy 627 §8dnsu Aetdusayaznawds (%Yield) windu 6.27

2. mswadusnaalanaugesi 3 lugtuuuidiag msnwaseddiiumsiamnmssuailanaugast
3 #UNSEUIUANSNAGADY 5 §A5 (AL - A5) denanslumsnedl 1 iadumgnsiimanzauige Tapfinisusudsegasasinads
YU 1BUANGAT Al TeiifadAnfudnBaILNIaNUNWIALSAIF 91T ldgRT AS AiflaaautFiuaunsgs Las
fanumanzauiige nande Tfiasndimaiiu #1500 1 uandaluih 63 Snsnoudniios Aduayulssos wazsany
ppAseaLEnTing ('g‘ﬂ‘ﬁ 1) Tasliwvilaymasieanuszannifing G Lﬂumammﬂmiﬂé”ugmi@yLﬁﬂwﬁmﬁﬁufﬂamaa
6000 (PEG 6000) $pwaz 5 wazliupanssnd 99% umsdaine aguldingas A5 (Dugnsifigaunnddign waz
fanumanzaudmsuihluneasuaanniuiunoudaly
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a1519% 1 gaspudaiesvsnadlnnaiugnsi 3

@ < 1 = = U
gasaunuuadlay (Iaansu)

D9AUTNDY Wi filudsy
Al A2 A3 A4 A5
asafnfsusnaalanaugRsT 3 100 100 100 100 100 PR
WFsuluAmsSUBLUA 255 255 255 255 255  wa (Fnsutinnpey)
ASANISNIGA 150 150 150 150 150  nsa (@msuiianpey)
nsAgmsn 75 75 75 75 75 A0 ({1m3u1RanD )
waalad Wlulsnse 219 207 182 140 76 GUETTEGICH TN
S ) 19 14 16 ) q158ALNNE LazLASTE
U

ienanaadefian - - - 40 80 ATANTANIY
IG1EY 0.4 0.4 24 24 2% @sthedu uazthelna
LUATLPYN JLRYLEN 0.4 0.4 - - - fSHILEN
wolsda 0.2 0.2 - - - a15178 [na
walpfidulnampa 6000 - - - - 40 nsHILAN
BMUDA (ALnTA) gs - - - gs fsdaLnne
FiTngay 800 800 800 800 800

3. anFudANIeMIYAIN Lsazqmauﬁ'ﬁmemﬂﬂmsﬁﬂm NaNNSNAFDUAENTRNIMEMWLDUTALFASUENAY

Taraugnsh 3 woipaanliimemuawiazaaauiimaaiivadasdssnanlanaiugnsi 3 dsutnasisnnsgy
auAmMNe 2 Fananlumaed 2 69 sndayumnesnaiduriiuguinas 12.8 fiadwas, fdanuduidsypaimin
98z 1.09 + 0.77 (WiAuspuas 5.0), Anuwrinfismiy 540 + 0.03 Taduns (Aanmsguliiinnimiatauniisoyas
5.0), anuuialdannis 479 + 014 Alavaud (F1HNmsgIU 3 - 5 Aladaud), Msuwanea 4.07 £ 0.06 1l (FAxnsassiudaund
5 117), AnunsaunuiiAanunsaudatdu 019 + 0.46 % (Aunessiuiayniisayaz 1.0), Amutu 094 + 0.03 %
(Arunmsudapninsasar 1.0) waziidranudunse-a1e 6.01 + 0.01

a1519% 2 MsneFpuAnaTRinIemsnnuaraaNTRNIuATisEaYy gas AS

CRYEERL X+S.D.
AanuAnLUsTawindn $oyaz) 1.09 + 0.77
ANMUAUT (HaFLUaT) 5.40 + 0.03
AMNLie (Alavaus) 479 + 014
LIAIAISLLEAEL (K1H) 4.07 £ 0.06
ANUATDL (SBYAY) 0.19 + 0.46
ANty $ovaz) 094 + 0.03
A1ANULTUATA-ANN 6.01 + 0.01
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4. wamsyszfinanuiewala Lunasuauldsunsdsafinanugndsviazanumsnzaan iy Fan
Anufigsasspsiuuaauay (10C) IewihA 1 faanuidssiufidinaenamdulsanssaniuasasauuna (Cronbach’s
Alpha Coefficient) [fividy 0.84 msEnmanufianslasasmsvgnaulanaugas 3 usduvuedley a1nn1saay
WULEDUANNTINIL 35 AU dEnsautenansEneenaudy 2 diu feil

4.1 ﬁaa&aﬁug'mﬂmtﬁmamm‘uaanmu Aepuuvuasvausiuinailuiwende 51991 30 A ($p8az 85.71)
LAZIWALIY 97U 5 AN (SDYa 14.29) T@ﬂﬁmmaﬁimm 38.89 + 12.47 U iaduunmumenydd mewﬁmma?{s
318 £ 1117 T uazwemajeionyinas 40.07 + 12457 fionyindusia 38.89 + 1247 dnumsinm fnanuvvasunudmina)
UANSANYITEAVUTUEIAST 91191 21 AU (SPYAY 60) LazspvasnAaserudssudnmaaulaisnss Usenatlainsisin
119U 9 Au (§pwaz 25.71) Mmuaey dmsueBwwuiduinajiduinssasrienidnnussnis Suau 15 au (Souas
42.86) sp9a4aNAD 186 / InFA® 1IN 7 Au ($ppaz 20) (5197 3)

a5197 3 fayaria(Upeeanaiing

fouatialy N=35
* n (%)

LWA

#18 5 (14.29)

e 30 (85.71)
mqmﬁ'ﬂ @)

Mean + SD 38.89 +£12.47
STAUAITANBN

{5yUANWINDUFL 2 (5.71)

{spufAnuinautaty nsaUsenalutensigin 9 (25.72)

USeuansg 21 (60.00)

gennUsaang 3 (8.57)
918w

W / 91993 / inBe 5 (14.29)

&0 / gaFEne 7 (20.00)

LAWRATAT 2 (5.71)

AREAN 6 (17.14)

SUsIHANS 15 (42.86)

4.2 msyszdfinanuiienale nanssufinanuimellassiudandndurissvauaulanaiugas 3 Tugy
LmumLﬁmﬁﬁmLaﬁs 457+015 (izﬁummﬁeg@) SaRnsanuaazdunui duanuazain wazaslie Seuedynu
ﬁﬁwa"ﬁagﬂqm‘mﬁuﬁ 470+ 0.05ua24.70+0.02 (Szé’umm?izg@) auddy Tudustuuundeso firmauanufianela
459 + 0.07 (sxﬁumn*?iqﬂ) wazdusUuuusLiay fanndganuiewala 443 £ 0.21 (szﬁuu’mﬁq@) Yz Sudlasy

Anuiewalalpefigads naudasanuduayulng lopfiduedy 4.20 + 0.99 weivsiifensaglusedvanuianalaunn
(m1971991 4)
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M15199 4 nsUsziiuanuiewela

ANUNInale X £S.D. SEAUAUNINDLY

1. éupfiagwauianatugasi 3

11 anuaisnuuingn 4.37 £ 0.49 Fannlasnndign

1.2 FdTudsenmu 4.46 £ 0.66 Fawalaannfige

13 nauasanuiuayuing 420 +0.99 Hawalauin

1.4 fsam@irsudseny 4.26 + 0.82 Fawalaannfige

15 suevpadingnianuiningay 4.69 + 0.47 Fawalaannfige

16 susnwallagsiudanuimninzay 4.63 + 0.55 Fanwplasnndign
mwﬁewa“ﬂaswﬁwmtﬁmﬁwauiﬂnmugmsﬁ 3 4.43+0.21 Rewalasnnfiga
2. AMUAMUFTAIN

21 anuazAInaanslEy 471+ 0.46 Fawalaannfige

2.2 ANUALAINFADAITHAN 4.66 + 0.54 Fawalaannfige

2.3 ANUFLAINFBASLALTAB 471+ 0.46 Hawalaannfign
AMUNINDlsINAINAIUNAEAIN 4.70 £ 0.05 ﬁewaiamﬂﬁqﬂ
3. dunslien

31 fanuviuagdy 471+ 052 Fawalaannfige

3.2 sudsemuding 477 £0.49 Fawalaannfige
AMUNINBlsINAINAIsTEIU 4.70 £ 0.02 Rewalasnnfiga
4. GUFYUVUNAAS T

41 aaANEadwATaERL 81 4.54 + 0.56 Fanwnlasnndign

4.2 DA UTTIANUALZEL 4.60 +0.50 Fannlasnndign

4.3 wanvisldinian 471+ 046 Fawalaannfige

4.4 NARAUNTANUFLAINADATLAVIABY AITWAN 4.49 + 0.61 Fawalaannfige
AanuNswalesauduglnuuninsiai 4.59 + 0.07 Rewalasnnfiga
ANMUNINDIRTIUNNAIN 4.57+0.15 Fewaloundiae

2AUs1eua (Discussion)

msliismsafadunsdudoiiuna 15 ufideiuiuszazng 7 1 fRuguann o mdnurianduasuuima
M5l mpdafn nuATuendu 1hgefsus uazanze Taswuinmsadalugaeiud 3-5 Biusinaasdday Bergenin
waz Mallorepine gega WauansiuayyadassfiAtign mamsﬁﬂmﬁﬁﬁlﬁudwmiiﬁayufwﬂugﬂLmumﬁmms
dnsiumssiaiiiaeegaioy 5 5 iWaUszAnSawanssamIgage

msiangfiaylanaiugns 3 WiunszuiunsUsulsegasisuagraduszoy Buusanudameaianunsau
\AnannssIu wazaalAninsniuinansazany Faneasslihiaiuasdaimzunuiemusa wiauinysamiaduuny
wunfiuumdsisnuazualsda masuasuiludllaymamansauiaziihvnldifiseauuniiunmdsisniiaaaua
liazanesh danalfifnfuisuuuRiasazats a2 asmfiﬁmmmsiﬁﬁwﬁﬁfﬁaiﬁﬁmﬂ@mmsammﬂ (Sticking) veuzmanLiln
\ipsnnshifaanansafinnuiugeldfespoas 21 uaziidnuanin? duiudalsultihmandadefeuns deilulnslyd
(mogrosides) uaslianunnuluaansiiniuniiglass 300 wih vildvasadodnsudavauiinanazdldla
quAw? upnandl [diAu PEG 6000 $apas 5 inudtlaymsinann Tas PEG 6000 vhwdhdifluvisanstisau uas
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f158aunne danaliidineniinsdainizd A1AnunToNYDY
Winenag luinawrianmsgu waziionynsiiusnssnu? de
a0AAdDINDNNITYDINIBANA aipuun? Al PEG
6000 tumswamnedayiinannaisas
fsuenfivannduSalidngu nsdnsn : Asamsman
gdpuluasuawue usasau 1:2: 3.44 Aalusoas
60 va91sy Feanusauandaldaiely 5wl fan pH
Uszanal 6 LATHINATNAGDUAMANTENIINILATWAIN
15514 dpAAaeiuMMsAnsuaslinunasel gienina
wazaaz? AwuifinnslisasauilndiAoaiur il
HadwsTiAtunswanng ey anasaialuseda
Asdsziiuanufienalasosdiafedrsulanaiy
g0 3 wuilsdanufenslanislussduunign
Feazripuanudnsalunswanndn surifinauausa
ANUFDIANSHUSIAR NANITAABIHUANAI991A MUY
1990Ai591] F15pe* fiusziliuanufianalosayuing
udthaasndmiialusyunudaufu wuihenuimwels
fuaainw Fuazaau anuazainluasly uazussqsieau
pgluszduUunat gL aanan1sdseLfiu wudi
funauasanuduayuinsidazuunanuianwslasign
aeilusziuann F99191AA9NARNLEDURWIZYAAANSD
#peiNgEriANUAAnTAUNEAS TIase
mswawisulanauges 3 lugtuuupndayaninse
Hreufluiaffnddaasenayulnsuuusdudafuld
wa1Uszn1s [AuA msoangnaiEatuy anuazaanlunis
WA SEHA LERETNWDDITRLTH uazANTAILAY
vneenfilsingasiaunis?

unasy (Conclusion)

M9 ldnadnsAalunswannssusaailana
993 3 nsUULLENFuLUUALAu T fia Wil
Aaunniazidudfifanalavasdls sndanp el fiian
[Frunsdszdivnaautfimenenmiazalianuanasgu
nadu waldsuazsueNuanalanng i Tusyiusnntiqe
HamsAnmLEAEn AWM TRRINE AL TR AN T
aglugtuunviuafofiazandanistiuasinmsyausunas
fuslne? daduuumeddalumssaasuaysinsing
Tuszuvasseugy pehalsinu arstasAnwsaiiios
TumsUsulsenduvessiinseiuanudasnisguilaa
Ansanmsifvsnuniitosiuanudy Fnwanuasd
seuzglasfasinesguAinAmuaegnsLinsam
UsziindseAnSammendinluuysy wazfnwinisidndy
AugnBuisanuiasasiy Feazthsaseenudastiuneg
fusTnauazaeLasumsHasnayLins e dufisausy
ariendernesialy
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Abstract

Rotavirus is a leading cause of severe gastroenteritis in infants and young children, contributing to
significant global morbidity and mortality. Vaccination with rotavirus vaccines, particularly the pentavalent
vaccine targeting G1P7, G2P7, G3P7, G4P7, and G6P[8] strains, provides broad protection against multiple
serotypes responsible for severe disease. Accurate identification of these strains is essential for monitoring
vaccine efficacy and safety. The World Health Organization (WHO) has established strict quality control
guidelines to ensure the safety, efficacy, and consistency of rotavirus vaccines. This study aims
to validate a SYBR Green-based reverse transcription polymerase chain reaction (SYBR Green-based
RT-PCR) assay for the precise identification of strains included in the pentavalent rotavirus vaccine. The
validated assay showed high specificity and reproducibility. Positive identification was confirmed for all
target strains with cycle threshold (Ct) values <40.00. The assay yielded Ct values of 27.76+0.48 (G1P7),
27.76x0.74 (G2PT7), 28.45+1.43 (G3P7), 28.35+0.42 (G4P7) and 30.19+1.30 (G6P[8]). Melting curve analysis
confirmed specificity with single peaks at 77.03+0.03°C (G1P7), 74.50+0.07°C (G2P7), 76.42+0.21°C (G3P7),
75.58+0.17°C (G4P7), and 77.29+0.29°C (G6P[8]). Intra-assay repeatability showed %CV values of 0.14-11.47
(Ct) and 0.01-0.38 (Tm), while inter-assay reproducibility ranged from 0.68-9.51 (Ct) and 0.06-0.26 (Tm).
Ruggedness/robustness testing across analysts yielded %CV 2.17-11.47 (Ct) and 0.04-0.32 (Tm). These results
confirm the method’s consistency and effectively identified rotavirus strains in vaccines, supporting reliable
vaccine quality control and surveillance efforts.

Keywords: Validation, Identification, Rotavirus Vaccine, SYBR Green RT-PCR

Introduction

Rotavirus (RV) was first identified in the 1950s from rectal swab samples collected from monkeyst.
In1973, Bishop and colleagues reported the first report of rotavirus in children suffering from gastroenteritis?.
Globally, it is estimated that approximately 258 million infants and young children under five contract rotavi-
ruses annually. This infection frequently results in severe diarrhea and dehydration due to gastroenteritis,
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often accompanied by electrolyte imbalances?®.
Recent estimates show that rotavirus remains a
leading cause of diarrheal mortality, accounting
for ~19% of all diarrhoea-related deaths in 2019
(~ 235,331 deaths across all ages), with a substantial
share occurring in children <5 years; globally, there
were ~1.76 million rotavirus hospitalizations in 2019,
Rotavirus is a member of the Reoviridae family.
It is a non-enveloped virus with a diameter ranging
from 50 to 76 nanometers, containing 11 segments
of double-stranded RNA. These segments encode six
structural viral proteins (VP1-VP4, VP6, and VP7) and
five nonstructural proteins (NSP1-NSP5)°. The viral
capsid proteins (VPs) determine rotavirus subgroups
and serotypes, while the nonstructural proteins are
involved in viral replication and pathogenesis.
Variations in the VP7 and VP4 proteins have led to the
classification of rotaviruses into 36 glycoprotein (G)
genotypes and 51 protease-sensitive (P) genotypes®.

In 2009, the WHO recommended the inclusion
of rotavirus vaccines in national immunization
programs worldwide. Following this recommendation,
Thailand's Department of Disease Control initiated
a pilot program in 2011 to incorporate rotavirus vaccines
into its national immunization schedule. Currently,
four types of rotavirus vaccines are registered and
available in Thailand: Rotarix™, RotaTegq™, Rotavac®,
and Rotasiil®". Clinical studies have consistently
demonstrated the efficacy and safety of these
vaccines. However, identifying the appropriate
serotypes for multivalent vaccine production remains
essential to mitigate the risk of the emergence of new
strains via reassortment in live-attenuated vaccines.

Ensuring the safety, efficacy, and consistency of
vaccines is paramount in the global fight against
infectious diseases. The WHOQO'’s quality control
guidelines emphasize the importance of precise
strain identification, genetic stability testing, and
comprehensive safety assessments. Although the
genetic sequencing is technically demanding and
costly, it remains essential for ensuring vaccine identity
and potency. WHO guidelines stipulate the use of
genetic sequences from the VP7 gene segment and
quantitative PCR techniques for serotype identification
and quality control® Techniques such as rotavirus

multivalent SYBR Green polymerase chain reaction

(SYBR Green RT-PCR assay) have been developed
to verify the identity and stability of multivalent
rotavirus vaccine serotypes, providing rapid, sensitive,
and specific results for both imported vaccines and
potential future domestic production. Adherence to
these guidelines ensures that manufacturers and
health authorities produce high-quality vaccines,
thereby enhancing public confidence in immunization
programs and contributing to global efforts to reduce
the burden of rotavirus-related illnesses. Continuous
monitoring and validation by the WHO uphold the
integrity of rotavirus vaccines, safeguarding public
health on a global scale.

The SYBR Green RT-PCR assay offers a promising
alternative for vaccine quality control, providing
real-time quantification and high sensitivity in
detecting viral RNA. This study focuses on improving
and validating the SYBR Green RT-PCR assay for
the precise identification of rotavirus strains in the
pentavalent rotavirus vaccine. By optimizing assay
parameters and validating its performance, the study
aims to develop a robust and reliable method to
enhance the monitoring and evaluation of rotavirus
vaccines, ultimately contributing to better public
health outcomes.

Thus, the purpose of this study is to provide an
overview of the method validation of a SYBR Green
RT-PCR assay for the detection of rotavirus strains
in the pentavalent rotavirus vaccine. Through the
use of advanced molecular techniques, this assay
aims to standardize the identification of rotavirus
strains for quality control purposes, contributing
to the improved reliability and safety of rotavirus

vaccines.

Method

This experimental research study was conducted
between October 2023 and September 2024. The
study focuses on developing optimal conditions
and validating a method for identifying the strains
of the pentavalent rotavirus vaccine using the SYBR
Green RT-PCR assay.

1) Materials
In this study, we used a single production batch

of the pentavalent rotavirus vaccine (RotaTeq®,
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batch X008547). Live-attenuated RNA virus vaccines were included as negative controls, specifically one
batch each of a tetravalent dengue vaccine (Qdenga®, batch 546543) and one batch of a yellow fever vac-
cine (Stamaril®, batch W3A371V), both of which were imported and commercially available in Thailand.

2) RNA Extraction and Purification

Total viral RNA was extracted from pentavalent rotavirus vaccine using phenol:.chloroform:isoamyl Alcohol.
Briefly, 500 uL of pentavalent Rotavirus Vaccine and an equal volume of phenol/chloroform/isoamyl alcohol
(25:24:) (Invitrogen, cat no. 15593031) were added into a 1.5 mL microtube and homogenized for 5 minutes
by vortexing. Then, the samples were centrifuged at 15,000 rpm for 15 minutes, and the upper aqueous
phase was carefully transferred to a new 1.5 mL tube. Additionally, RNA in the aqueous phase was purified
using the PureLink™ Viral RNA/DNA Mini Kit (Invitrogen, cat. 12280050), applying explicitly defined protocol
modifications to ensure clarity and reproducibility. The manufacturer’s initial lysis step for biological specimens
was omitted and processing commenced at the binding step because the phenol: chloroform agueous
phase is already denatured. The extracted RNA was stored immediately at —20°C until further processing.
The total RNA concentration, quality and purity of RNA were assessed by measuring absorbance at 260/280 nm

using the Nanodrop spectrophotometer.

3) Qualitative analysis of strains of pentavalent rotavirus RNA based on SYBR green RT-PCR

This protocol outlines the steps for conducting RT-PCR experiments to amplify and confirm the identity
of strains in pentavalent rotavirus vaccine samples using SYBR Green as the detection method. The primers
targeting the VP7 gene segment (G1P7, G2P7, G3P7, G4P7 and G6P[8] of rotavirus) were derived from published
sequences’® and are listed in Table 1

Table 1 Primers used in this protocol®,

Reassortant Primer Sequence
Forward 5'-TGTCTGTATTATCCAACTGAAGCAAGT-3’
i Reverse 5'-CCCTTTGTAAGAAAACATTTGCGA-3'
Forward 5'-GATGAATGGGAAAATACTCTATCACAATT-3'
G2 Reverse 5'-TCATGGAAAATGTAGTAATGTCATTGTAGT-3'
Forward 5'-ACTCCTTAATGCACAAAATTATGGAA-3'
GPT Reverse 5'-TCCTCTCGCGTTGAGTTCG-3'
Forward 5'-AAAGATACACTATCTCAACTGTTTTTAACCA-3'
G4pT Reverse 5'-TCGATGGAAAATTCTAAAACGTTT-3'
Forward 5'-TGGAAAGATACCTTATCACAACTGTTCTTA-3'
GOR(S] Reverse 5'-GAAAAGGCCGCTATATCAGCA-3'

SYBR Green—based RT-PCR was performed on a QuantStudio 6 Flex Real-Time PCR System (Applied
Biosystems, USA) using the SensiFAST™ SYBR Lo-ROX One-Step Kit (Bioline, cat. no. BIO-74001). Each 20 uL
reaction contained 10 pL of 2xSensiFAST SYBR Lo-ROX One-Step Mix, 0.2 uL reverse transcriptase, 0.4 uL RiboSafe
RNase Inhibitor, 0.4 uM of each primer, and 5 ng of total RNA from the pentavalent rotavirus vaccine (1 uL
at 5 ng/ul).
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This assay is a qualitative identification
procedure. In accordance with ICH Q2(R1), validation
focused on analytical specificity, repeatability, and
ruggedness; a formal limit-of-detection (LOD) study
was not performed. To ensure robust detection,
each reaction contained 5 ng total RNA per 20 pL,
with templates prepared from 1 or 10 ng/uL working
stocks. Serotype calls were based on exponential
amplification together with a single melt peak whose
Tm matched the serotype-specific reference window.

In this experiment, all PCR samples were run
using RT-PCR cycling conditions adapted from
the method previously reported by Ranheim et al’
The thermal profile included the following steps:
reverse transcription at 45°C for 30 minutes to
synthesize cDNA initial denaturation at 95°C for 10
minutes to activate the Tag polymerase and denature
double-stranded DNA, followed by 40 amplification
cycles consisting of denaturation at 95°C for 20
seconds, annealing at 55°C for 1 minute, and
extension at 55 °C for 15 seconds. To determine the
melting temperatures to confirm the specificity of
PCR products, the temperature was raised between
60-95°C and a pre-melting step at 60°C for 1 minute,
followed by a temperature increase of 0.05°C/s to
95°C. From each reaction, the threshold cycle value
(Ct) was established as the cycle number at which
fluorescence was detectable over the threshold
value calculated by the QuantStudio software.

4) Method Validation

The parameters for the validation of the analytical
method using real-time PCR are based on the
Guidelines for Validation of Qualitative Real-time
PCR Methods™ and Requirements for evaluating
the performance of quantification methods for
nucleic acid target sequences qPCR and dPCR (ISO
20395:2019(en)*

4.1) Specificity

Consistent with ICH Q2(R1)™?2, specificity is the
principal validation characteristic for an identification
procedure. Our validation covered intra- and inter-
serotype specificity across rotavirus vaccine serotypes
G1P7, G2P7, G3P7, G4PT7, and G6P[8], and heterologous
specificity using dengue (DENV) and yellow fever live-

attenuated RNAvaccines as negative controls®?. The SYBR
Green RT-gPCR assay was used to determine rotavirus
serotype identity in vaccine samples, while DENV
and yellow fever vaccines served as negative specificity
controls. For each rotavirus serotype and for DENV
and yellow fever controls, 5 ng total RNA per 20 uL
reaction (1 uL at 5 ng/ul) was used with SensiFAST™
SYBR Lo-ROX One-Step on a QuantStudio 6 Flex
system. At least three independent replicated
tests were performed, and coefficients of variation
were calculated (acceptance criterion CV < 25%)%. To
evaluate analytical specificity under matrix-matched
conditions, DENV and yellow fever vaccines (Flaviviridae;
+ssRNA) were used as heterologous negatives,
taxonomically/genomically unrelated to rotavirus
(Reoviridae; segmented dsRNA). Across all runs,
negatives showed no exponential amplification
(Ct=UND). Occasional low-amplitude melt deflections
were observed in negatives but fell outside the
predefined serotype-specific Tm windows established
in Figure 2 and were therefore classified as UND
for both Ct and serotype-specific Tm. Predefined
acceptance criteria for negatives were the absence
of Ct and the absence of a serotype-specific Tm

within the Figure 2 windows (reported as UND).

4.2) Precision

Because the assay is qualitative, statistics for Ct
and Tm (mean+SD; %CV) are reported as parameter
precision (supportive) to document assay stability
and are not interpreted as quantitative precision
of analyte amount. Qualitative result reproducibility
is presented as identity-call agreement (positive/
negative) across technical replicates, days, and
analysts. The precision assessment includes the
following sections:

- Intra-assay or Repeatability Testing: This test
involves determining the identity of the rotavirus
serotype in the vaccine sample within the same day
and time. For each rotavirus serotype strain, 1 uL of
RNA (1 and 10 ng/ul) was mixed with SensiFAST™
SYBR Lo-ROX One-Step and was performed by
QuantStudio 6 Flex system. Intra-assay precision was
evaluated by assessing the consistency of detection
and quantification of each rotavirus serotype within

a single run (n=3 replicates). The resulting values
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are used to calculate the coefficient of variation, which must be less than 25%".

- Inter-assay or Reproducibility Testing: This test assesses the amounts of the identity of the rotavirus
serotype in the vaccine sample on different days and times. For each serotype strain of rotavirus, 1 uL of RNA
(1and 10 ng/uL) was mixed with SensiFAST™ SYBR Lo-ROX One-Step and was performed by QuantStudio 6 Flex
system. Inter-assay precision was assessed by determining the reproducibility of detection and quantification
of rotavirus serotypes across three independent runs performed on different days. Repeatability (intra-assay)
and intermediate precision (inter-assay) assessed the consistency and reproducibility of measured Ct/Tm

across serotypes, with an acceptance criterion of %CV <35%%.

4.3) Ruggedness/Robustness

This test involves determining the amounts of the identity of the rotavirus serotype in the vaccine sample by
two different analysts, with each performing three technical replicates. For each serotype strain of rotavirus,
1uL of RNA (Ing/uL) was mixed with SensiFAST™ SYBR Lo-ROX One-Step and was performed by QuantStudio
6 Flex system. The resulting values are used to calculate the coefficient of variation, which must be less than
35%.

Results

Specificity

We developed and applied a SYBR Green—based RT-PCR assay to detect strains present in the pentavalent
rotavirus vaccine (G1P7, G2P7, G3P7, G4P7, and G6P[8]). During RNA extraction using phenol: chloroform:
isoamyl alcohol and purified with spin column, for validation of the identification test, the sample was
considered positive for VP7 gene segment from the G1P7, G2P7, G3P7, G4P7 and G6P[8] reassortants matched
when the cycle threshold amplification curve for the target genes crossed the threshold line within 40 cycles
(Ct<40.00) and was showed by a single serotype-specific melt peak. Figure 1 shows the distribution of cycle
threshold (Ct) values by RT-PCR, a SYBR Green RT-PCR amplification plot showing the target genes of the
VPT7 gene segment from the G1P7, G2P7, G3P7, G4P7, and G6P[8] reassortants of rotavirus. Figure 1 illustrates one
representative run (duplicate wells). All Ct values summarized in the text and tables represent mean + SD
across three independent runs; therefore, the representative traces in Figure 1 are not expected to match
the pooled means exactly. The fluorescence signals yielded Ct values of 27.76 £ 0.48, 27.76 + 0.74, 28.45 +
1.43,28.35 + 0.42, and 30.19 + 1.30 for G1P7, G2P7, G3P7, G4P7, and G6P[8], respectively (Table 2)

For clarity, Figures 2 and 3 present the same representative dataset from the same experiment. Figure 2
emphasizes identification of serotypes G1P7, G2P7, G3P7, G4P7, and G6P[8], whereas Figure 3 demonstrates
analytical specificity alongside negative controls (reported as UND for serotype-specific Tm).
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Figure 1 Representative amplification plots (one run, duplicate wells). Panels A—E: G1P7, G2P7, G3P7, G4P7,
G6P[8]. Calls: Ct < 40 cycles. Note: Text/table Ct = mean + SD across three independent runs, so traces from

this single run will not numerically equal pooled means.

As shown in Figure 2A-E, the results of this representative experiment show that the melting curves
displayed a single melting Tm for identified rotavirus strains. Table 4 shows that the Tm values at 1 ng were
77.03+0.03°C, 74.50+0.07°C, 76.42+0.21°C, 75.58+0.17°C and 77.29+0.29°C and the melting Tm for identified
rotavirus strains at 10 ng were 77.12+0.01°C, 74.38+0.14°C, 76.59+0.09°C, 75.69+0.07°C and 77.47+0.09°C for
the rotavirus strains G1P7, G2P7, G3P7, G4P7, and G6P[8] reassortants, respectively. In addition, all five SYBR
CGreen RT-PCR assays gave a unique melting peak for each serotype with different Tm values.
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Figure 2 Melt-curve analysis showing single, serotype-specific peaks for G1P7, G2P7, G3P7, G4P7, and
G6P[8] (Panels A—E). Serotype-specific Tm values are reported in the Results (Identification). RNA input: 5 ng
total per 20 ulL reaction (1 uL at 5 ng/ul). Note: Figures 2 and 3 present the same representative dataset from

the same experiment.

The nucleotide sequences of primers specific to various rotavirus serotypes, including G1P7, G2P7, G3P7,
G4PT7, and G6P[8], were analyzed using the Primer BLAST function (http://www.ncbi.nlm.nih.gov/tools/primer-blast)).
The results indicated that the designed primers exhibited specificity solely for rotavirus, without any cross-reactivity
or mismatches with other rotavirus serotypes or DNA from other organisms. The specificity of the test was
determined using the SYBR Green RT-PCR method with an RNA input of 5 ng total per 20 uL reaction (1 uL at
5ng/ul). The rotavirus, dengue, and yellow fever vaccines served as negative controls for this test, and genetic
material was amplified with a real-time PCR machine. The Cycle threshold (Ct) values were determined for
rotavirus serotypes G1P7, G2P7, G3P7, G4P7, and G6P[8], with three independent runs on separate days, each
with n = 3 technical replicates per serotype. The mean values for each vaccine were calculated. The results
confirmed that the designed primers were specific to rotavirus only, without any cross-reactivity with other
rotavirus serotypes, as shown in Table 2. The one-step SYBR Green RT-PCR did not amplify the genomes of
other viruses including dengue and yellow fever viruses. The melting curve analysis showed Tm values at 1 ng
were 77.03+0.03°C, 74.50+0.07°C, 76.42+0.21°C, 75.58+0.17°C and 77.29+0.29°C for G1P7, G2P7, G3P7, G4P7,
and G6P[8], respectively.

Moreover, Figure 3A-E shows melt-curve analysis from the same representative experiment as Figure 2.
Rotavirus serotypes G1P7, G2P7, G3P7, G4P7, and G6P|[8] yielded single, serotype-specific melting peaks with
Tmvalues of 77.03+0.03°C, 74.50+£0.07°C, 76.42+0.21°C, 75.58+0.17°C, and 77.29+0.29°C, respectively (as reported
in Figure 2). By contrast, dengue and yellow fever vaccines showed no exponential amplification (Ct = UND).
Low-amplitude melt deflections occasionally reported by the instrument due to SYBR Green detecting
nonspecific duplexes (e.g., primer-dimers) fell outside the serotype-specific Tm ranges defined in Figure 3
and, per our calling criteria, were reported as UND for both Ct and serotype-specific Tm. The clear separation
between rotavirus Tm values and any nonspecific deflections supports the high analytical specificity of our

primers and the absence of cross-reactivity with dengue or yellow fever RNAM%,
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Figure 3 Panel 3A-E Analytical specificity testing using dengue and yellow fever vaccines as negative
controls. Panels A—E show rotavirus melting curves for G1P7, G2P7, G3P7, G4P7, and G6P[8], respectively and
comparison (from the same representative dataset as Figure 2) alongside the negative controls. Non-target

vaccines (dengue, yellow fever) yielded no Ct and no rotavirus-range Tm, thus reported as UND for serotype-specific

Table 2 The specificity testing of primers using the in vitro RT-PCR method, conducted in three technical

Tm. RNA input: 5 ng total per 20 uL reaction (1 uL at 5 ng/ul).

replicates for rotavirus vaccine serotypes G1P7, G2P7, G3P7, G4P7, and G6P[8].

Rotavirus vaccine Dengue vaccine Yellow fever vaccine
Serotype Mean+SD Mean+SD Mean+SD
Ct value (N=3) Ct value (N=3) Ct value (N=3)
G1P7 2776 £ 0.48 UND UND
G2P7 2776 £ 0.74 UND UND
G3PT 2845+ 143 UND UND
G4Pr 2835+ 0.42 UND UND
G6P[8] 3019 +1.30 UND UND

Remark; UND = Undetermined

Precision

Tables 3 and 4 show the results of intra-assay or repeatability testing of the amounts of identification
tests of the vaccine sample on the same day and time involving at least three independent replicates. The
analysis of the identity amounts for all three repeats shows a %CV value between 0.14-11.47 of Ct and of 0.01-0.38 of
Tm values in G1P7, G2P7, G3P7, G4P7 and G6P[8] reassortants of rotavirus, which meets the specified criteria.
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Table 3 Repeatability of the Ct values evaluated SYBR green RT-PCR assay for the VP7 segment of rotavirus.

The repeatability test was performed with three technical replicates on the same days.

RNA per Repeatability on Ct
Strain of rotavirus .

reaction (ng) Ct meantSD %CV
10 ng 27.80+0.17 0.62

G1P7
1ng 33.06£1.07 3.23
10 ng 31.70£0.23 0.72

G2P7
1ng 34.09+0.74 217
10 ng 24.50+0.03 014

G3P7
1ng 30.88+1.96 6.35
10 ng 30.76+3.18 10.33

G4P7
1ng 32904172 5.22
10 ng 22.43+0.29 129

G6P[8]
1ng 2810+3.22 11.47

Table 4 Repeatability of the Tm values evaluated SYBR Green RT-PCR assay for the VP7 segment of rotavirus.
The repeatability test was performed with three technical replicates on the same days.

RNA per Repeatability on Tm
Strain of rotavirus .

reaction (ng) Ct mean+SD %CV
10 ng 7712+0.01 0.01

G1P7
1ng 77.03£0.03 0.04
10 ng 74.38+0.14 0.19

G2P7
1ng 74.50+0.07 0.09
10 ng 76.59+0.09 012

G3P7
1ng 76.42+0.21 0.27
10 ng 75.69£0.07 0.10

G4PT
1ng 75.58+0.17 0.23
10 ng 77.47+£0.09 0.12

G6P[8]
1ng 7729+0.29 0.38

The results of inter-assay or reproducibility testing of the identity of virus strains in the vaccine sample
conducted on different days and at different times (separate experiments) were obtained from at least
three technical replicates (Supplementary Table S1-S2). The Ct values for each strain were within the 27 to
35 cycle range in the amplification process at RNA concentration 1 ng/uL, while higher RNA concentrations
as 10 ng/uL appeared within 22 to 30 cycles as shown in Table 5. As seen in Table 6, all plots displayed a
single melting domain, typically between 74-77°C, and melting peaks over three different days show a %CV
value of 0.06-0.26.
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Table 5 Reproducibility of the Ct values evaluated SYBR Green RT-PCR assay for the VP7 segment of rotavirus.

The reproducibility test was conducted as three technical replicates on different days (three days).

RNA per Repeatability on Ct
Strain of rotavirus .

reaction (ng) Ct meantSD %CV
10 ng 27.73+0.19 0.68

G1P7
1ng 33.062£0.68 2.06
10 ng 30.82+0.94 3.06

G2P7
1ng 34.42+0.56 162
10 ng 25.00+0.71 284

G3P7
1ng 30.51+155 5.07
10 ng 20.64+2.54 9.19

G4P7
1ng 35.54+1.43 4.03
10 ng 22.719+0.83 3.64

G6P[8]
1ng 27.59+2.62 9.51

Table 6 Reproducibility of the Tm values evaluated SYBR green RT-PCR assay for the VP7 segment of
rotavirus. The reproducibility test was conducted as three technical replicates on different days (three days).

RNA per Repeatability on Tm
Strain of rotavirus .

reaction (ng) Ct mean+SD %CV
10 ng 77.04+0.08 011

G1P7
1ng 76.96+0.12 0.16
10 ng 74.48+0.08 01

G2P7
1ng 74.44+0.19 0.26
10 ng 76.54£0.03 0.04

G3P7
1ng 76.42+017 0.22
10 ng 75.71£0.05 0.06

G4P7
1ng 75.61+0.16 0.21
10 ng 77.47£0.10 012

G6P[8]
1ng 77.36+£0.19 0.25

Ruggedness/Robustness

For the ruggedness/robustness, the %CV was calculated for each serotype of rotavirus on the Ct and the
Tm values. For each SYBR Green RT-PCR assay, this %CV was between 217 to 11.47% for the Ct values and
between 0.04 to 0.32% for the Tm values. The %CV values of the developed SYBR Green RT-PCR comply with
the acceptance limits are shown in Table 7.
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Table 7 Ruggedness/robustness of the SYBR Green RT-PCR assay for five rotavirus serotypes: inter-analyst
comparison of Ct and Tm. Ruggedness was assessed across analysts; each analyst performed three technical

replicates per serotype (n=3 per analyst).

Ruggedness/Robustness test of the five serotypes of rotavirus
detected by SYBR Green RT-PCR assay
G1P7 G2P7 G3P7 G4P7 G6P[8]
Analyst 1 33.82 34.61 29.50 3169 25.82
Ct Analyst 2 32.30 33.56 3227 34.12 30.37
%CV 3.25 217 6.35 5.22 11.47
Analyst 1 77.05 T4.76 76.56 75.71 7746
Tm Analyst 2 77.00 T4.42 76.28 75.46 7711
%CV 0.04 0.32 0.27 0.23 0.32

Discussion

The strain-specific VP7 primers originally described by Ranheim et al? Although these primers have
been widely adopted in rotavirus research, primarily within cell-based quantitative RT-qPCR assay (C-QPA) in
which vaccine virus is first propagated in culture and then quantified by RT-gPCR* their application outside
this context has been limited. In contrast, prior RT-gPCR applications detecting vaccine components have
focused on stool matrices rather than the vaccine. In this study, we extracted viral RNA from the pentavalent
vaccine using phenol:.chloroform:isoamyl alcohol method and purified nucleic acids with a spin-column
kit (PureLink™ Viral RNA/DNA Mini Kit), enabling direct RT-PCR detection of the component strains without
prior cell culture, yielding results concordant with culture-based identification (Supplementary Table S3-S4,
Figure S1-S2). Our findings show that a SYBR Green RT-PCR workflow targeting VP7 provides high analytical
specificity, repeatable Ct/Tm parameters, and inter-analyst ruggedness sufficient to support qualitative
identity calls for the five vaccine serotypes at a standardized input (5 ng per 20 ulL reaction). In this role,
the assay functions as a cost-effective, time-efficient first-line identity check that can triage samples for
confirmatory sequencing when comprehensive genomic characterization is required.

The study demonstrated that the SYBR Green RT-PCR assay exhibited high specificity in detecting pentavalent
rotavirus strains. Fluorescence signals yielded Ct values ranging from 27.76+0.48 to 30.19+1.30, and melting-curve
analysis showed a single, serotype-specific Tm for each reassortant with tight dispersion: 77.03+0.03°C (G1P7),
74.50+0.07°C (G2PT7), 76.42+0.21°C (G3P7), 75.58+0.17°C (G4PT7), and 77.29+0.29°C (G6P[8]), supporting robust
qualitative identification across serotypes. The single melting peak for each serotype further validated the
specificity of the assay, ensuring no cross-reactivity with non-target sequences. These findings are consistent
with previous research emphasizing the utility of gPCR assays for virus detection and vaccine monitoring®.
Repeatability and reproducibility testing confirmed the assay's robustness, with %CV values for Ct and Tm
well within acceptable limits. Intra-assay repeatability testing showed %CV values ranging from 0.14% to
11.47% for Ct and 0.01% to 0.38% for Tm, indicating consistent results within the same day. Similarly, inter-
assay reproducibility testing across different days showed %CV values of 0.68% to 9.51% for Ct and 0.06% to
0.26% for Tm, affirming the assay's reliability in different experimental conditions. These results align with
established guidelines for analytical method validation®™. Additionally, the ruggedness/robustness analysis
confirmed that the assay performed consistently across different analysts, with %CV values between 2.17%
and 11.47% for Ct and between 0.04% and 0.32% for Tm. This underscores the reproducibility of the method

across various laboratory settings, an essential criterion for routine application in vaccine quality control.
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For routine vaccine quality control, SYBR Green
RT-PCR provides a rapid, lower-cost alternative for
strain identification, with high throughput and faster
turnaround than conventional genotyping workflows
that rely on RT-PCR plus Sanger sequencing. Reports
in rotavirus and other viral systems show significantly
faster turnaround and reduced labor for (multiplex)
RT-gPCR while maintaining high agreement with
sequencing. At the reagent level, SYBR-based gPCR
is frequently the lowest-cost quantitative format,
whereas probe-based assays and sequencing incur
higher per-test and infrastructure costs'®. Importantly,
clinical NGS requires specialized personnel and
validation frameworks; thus, while sequencing
remains the definitive method for comprehensive
genomic characterization, RT-gPCR is well-suited
for routine lot-release/identity testing?. The use
of SYBR Green RT-PCR, as demonstrated in this
study, allows for rapid, high-throughput screening
of vaccine strains with high specificity and minimal
resource requirements. The findings reinforce
previous reports advocating for the adoption of
real-time PCR techniques in viral diagnostics and
vaccine monitoring®. Rotavirus’ segmented genome
permits reassortment among live-attenuated
vaccine strains; in RotaTeq recipients, human—bovine
double-reassortant viruses such as G1[8] arising
from GI1P[5] and G6P[8] have been documented
in symptomatic children. Moreover, vaccine-derived
reassortants have been linked to household
transmission and, if they circulate more broadly,
could plausibly seed outbreaks; vaccine viruses may
also reassort with co-circulating human wild-type
strains (e.g., acquisition of vaccine NSP2 by G1P[8]).
Genotype-specific real-time RT-PCR surveillance
further demonstrates heterogeneous shedding
patterns of the five vaccine genotypes across infants,
underscoring the need to distinguish wild-type,
vaccine, and vaccine-reassortant strains in post-
licensure monitoring???®. The WHO emphasizes the
importance of strict quality control measures to
ensure vaccine consistency and effectiveness. The
findings from this study support the integration of
SYBR Green RT-PCR into current WHO recommended
quality control protocols to enhance rotavirus vaccine

surveillance and improve public health outcomes’

The validated SYBR Green RT-PCR assay provides
arapid, sensitive, and reliable method for identifying
and characterizing rotavirus strains in the
pentavalent vaccine. The method demonstrated
high specificity, with single melting peaks confirming
accurate strain detection. Furthermore, intra- and
inter-assay evaluations showed minimal variation,
confirming the assay's precision and reproducibility.
A formal LOD study was not part of this validation
because the procedure is qualitative and aimed
at identity confirmation (ICH Q2(R1)). Future work
may include a quantified RNA LOD dataset to
complement the current specificity-focused validation.
By offering a streamlined workflow and cost-effective
alternative to sequencing, the assay is well-suited
for routine vaccine quality control applications. Its
robustness and reproducibility make it a valuable
tool for ensuring vaccine safety and efficacy, thereby
supporting global immunization programs aimed at
reducing rotavirus-related morbidity and mortality in
children. Future studies should focus on expanding
the validation of this assay across a broader range
of vaccine formulations and laboratory settings.
Additionally, comparative studies with alternative
gPCR approaches and digital PCR could further
refine detection capabilities and improve vaccine

strain monitoring.

Conclusion

This assay is intended for health authorities and
QC/research laboratories; this SYBR Green RT-PCR
assay supports routine strain-identity confirmation
and serotype-stability monitoring for multivalent
rotavirus vaccines. By testing vaccine-derived RNA
directly, without co-culture with cell lines, it delivers
shorter turnaround and lower per-test costs than
sequencing-based genotyping, while sequencing
remains available for in-depth characterization.
This manuscript outlined the successful validation
of a SYBR Green RT-PCR assay for the Identification
of strains of the pentavalent rotavirus vaccine. The
performance of the assay was validated according to
current literature guidelines, focusing on the evaluation
of key parameters: specificity, repeatability, and
reproducibility. This technique ensures their quality

and effectiveness. This advancement plays a crucial
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role in public health efforts to mitigate the burden
of rotavirus infections globally.
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Table S1 Reproducibility of the Ct values evaluated SYBR Green RT-PCR assay for the VP7 segment of ro-
tavirus. The reproducibility test was conducted as three technical replicates on different days (three days).

(each run in duplicate).

Strain of RNA per Day 1 Day 2 Day 3
. . Ct mean SD CV (%)
rotavirus | reaction (ng) Ct (Mean of duplicate)
10ng 27.64 27.60 2795 2773 0.19 0.68
G1P7
1ng 33.30 33.70 32.38 33.12 0.68 2.06
10ng 30.42 30.14 31.89 30.82 094 3.06
G2P7
1ng 3477 3473 33.78 34.42 0.56 1.62
10ng 25.25 2419 2555 25.00 071 2.84
G3P7
1ng 2077 20.48 32.29 30.51 155 5.07
10ng 26.40 2597 30.57 27.64 2.54 9.19
G4P7
1ng 32.06 3140 3415 3254 1.43 441
10 ng 22.47 2218 2374 2279 0.83 3.64
G6P[8]
1ng 26.28 25.87 30.61 27.59 2.62 9.51

Table S2 Reproducibility of the Tm values evaluated SYBR green RT-PCR assay for the VP7 segment of ro-
tavirus. The reproducibility test was conducted as three technical replicates on different days (three days).

(each run in duplicate).

Strain of RNA per Day 1 Day 2 Day 3
. . Ct mean SD CV (%)
rotavirus | reaction (ng) Tm (Mean of duplicate)
10ng 77.01 714 7698 77.04 0.08 011
G1P7
ing 76.95 77.08 76.84 76.96 0.12 0.16
10ng 74.49 74.56 74.40 7448 0.08 011
G2P7
ing T4 4T 74.53 74.33 444 0.10 0.14
10ng 76.56 76.56 7650 76.54 0.03 0.04
G3P7
ing 76.50 76.53 76.23 76.42 0.17 0.22
10ng 75.75 75.72 75.66 75.71 0.05 0.06
G4PT
ing 75.66 75.73 75.43 75.61 0.16 0.21
10 ng 7756 7749 7737 747 0.10 0.12
G6P[8]
ing 7747 7747 7713 77.36 0.19 0.25

Identification of Rotavirus Serotypes in Cell Culture Using SYBR Green RT-qPCR

Triplicate assays were performed to evaluate the detection of rotavirus serotypes G1P7, G2P7, G3P7, G4P7,
and G6P[8] in cell culture using SYBR Green real-time PCR. At a viral concentration of log3 CCID50, samples
were analyzed at 24, 48, and 72 hours post-inoculation, and the results are presented in Tables S1-S2
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Table S3 Cycle threshold (Ct) values for rotavirus serotypes G1P7, G2P7, G3P7, G4P7, and G6P[8] at 24, 48,
and 72 hours post-inoculation (SYBR Green RT-gPCR). Values are mean + SD with %CV across triplicate runs

(each run in duplicate).

Rotavirus | Time Runl Run2 Run3 Mean £SD %CV
serotype (h.) |Rep1|Rep2 [Rep1 |Rep2|Rep1 |Rep2

24 30.28 | 2981 | 2989 | 29.75 | 2990 | 29.54 20.86+0.24 0.82

G1PT 48 2656 | 2646 | 2659 | 2695 | 2648 | 26.44 26.58+0.19 0.72

72 2589 | 2630 | 26.44 | 26.39 | 26.36 | 26.33 26.28+0.20 0.76

24 2573 | 25.69 | 2578 | 25.49 | 25.82 | 25.76 25.71+0.12 0.46

G2P7 48 2159 | 2113 | 20.65 | 21.05 | 2121 | 19.77 20.90+0.63 3.02

72 20.78 | 20.33 | 2042 | 20.30 | 20.24 | 20.70 20.46+0.22 1.09

24 2698 | 2691 | 2692 | 26.86 | 26.81 | 26.84 26.89+0.06 0.22

G3P7 48 2278 | 2276 | 22771 | 2258 | 2251 | 22.68 22.67+0.11 0.47

72 2203 | 2271 | 2216 | 2216 | 2190 | 22.20 22.19+0.28 1.24

24 2031 | 2035 | 2165 | 2819 | 2742 | 27.39 27.55+0.33 1.21

G4PT7 48 23.69 | 24.00 | 23.83 | 2343 | 23.71 | 2495 23.94+0.53 2.22

72 2433 | 24.08 | 25.03 | 23,57 | 23.45 | 23.80 24.04+0.58 242

24 2039 | 29.41 | 29.08 | 2771 | 28.64 | 29.26 28.92+0.66 227

G6P[8] 48 2039 | 26.03 | 2646 | 26.46 | 2698 | 26.20 26.59+0.51 191

72 2663 | 2678 | 26.67 | 26.80 | 26.77 | 27107 26.79+0.16 0.58
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Table S4 Melting temperatures (Tm, °C) for rotavirus serotypes G1P7, G2P7, G3P7, G4P7, and G6P[8] at 24,
48, and 72 hours (SYBR Green RT-gPCR). Values are mean + SD with %CV across triplicate runs (each run in

duplicate)

Rotavirus Time Runl Run2 Run3 MeanzSD %CV

serotype () |Rep1 |Rep2 |Rep1 |Rep2 |Rep1 |Rep 2
24 771l 7701 (1l | 7720 | 7749 | 7759 77.25+0.23 0.30
G1P7 48 7759 | 7749 | 7740 | 7711 7711 | 7720 77.32+0.21 0.27
72 49 | 7749 | 7759 | 7749 | 7749 | 7749 7751+0.04 0.05
24 7470 | 7470 | 7470 | 74.89 | 7498 | 74.89 74.81+0.13 017
G2P7 48 7489 | 7498 | 7498 | 74.89 | 7479 | 7479 74.89+0.09 0.12
72 7498 | 7498 | 7498 | 74.89 | 7498 | 7498 7497+0.04 0.05
24 7643 | 7653 | 76.62 | 76.62 | 76.62 | 76.72 76.59+0.10 013
G3P7 48 7672 | 7653 | 7653 | 7653 | 76.53 | 76.53 76.56+0.08 0.10
72 76.62 | 76.62 | 7653 | 76.62 | 71653 | 76.53 76.58+0.05 0.07
24 75.66 | 75.66 | 75.66 | 71576 | 7576 | 7576 75.71+0.05 0.07
G4P7 48 7576 | 7576 | 7576 | 75.66 | 75.66 | 75.66 75.71+£0.05 0.07
72 7576 | 7585 | 7585 | 7585 | 7576 | 7576 75.80+0.05 0.07
24 771l 771l 7701 | 7720 | 771l il 7711+0.06 0.08
G6P[8] 48 7740 | 7740 | 7740 | 7030 | 7749 | 7740 77.40+0.06 0.08
72 7r30 | 7730 | 7740 | 7730 | 7730 | 7730 77.32+0.04 0.05
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Figure S1 Representative amplification plots and Ct distributions of cell-based SYBR Green RT-qPCR
assay targeting the VP7 gene in rotavirus vaccine serotypes G1P7, G2P7, G3P7, G4P7, and G6P[8]. Panels A-E
correspond to each serotype.
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D. Rotavirus serotype G4P7
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Figure S2 The melting curve analysis of rotavirus serotype G1P7, G2P7, G3P7, G4P7, and G6P[8], as determined
by cell-based SYBR Green RT-gPCR assay. Panels A—E correspond to each serotype.
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E. Rotavirus serotype G6P[8]
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Abstract

Colorectal cancer is a significant public health
issue. Colonoscopy is an effective screening method
that reduces mortality rates. However, its success
relies heavily on adequate bowel preparation.
Inadequate bowel preparation may hinder the
physician’s ability to detect abnormalities in the
colon effectively. Objective: To develop a clinical
practice guideline for bowel preparation in patients
undergoing colonoscopy for colorectal cancer
screening and to assess its feasibility in application
at Tapan Hin Crown Prince Hospital, Phichit Province.
Methods: This developmental research was
conducted from February to April 2025, utilizing
the One Day Surgery (ODS) concept from the
Department of Medical Services, Ministry of Public
Health, in combination with the NHMRC clinical
practice guideline development framework from
Australia. The participants included 5 healthcare
professionals involved in developing the guidelines,
10 healthcare providers who piloted its implementation
and 10 patients who received the implemented
guidelines. The research instruments included the
Appraisal of Guidelines for Research and Evaluation
[l (AGREE Il), the feasibility assessment form of the
guideline, and the bowel cleanliness assessment
form. All instruments were evaluated for content
validity by five experts, an index of item-objective
congruence (I0OC) of 1.00. Reliability analysis using
Cronbach’s alpha coefficient demonstrated a
reliability value of 0.87. Results: The developed
guideline consists of two phases: (1) Pre-colonoscopy
phase, which includes FIT test screening, patient
education for bowel preparation, and bowel
cleanliness assessment; and (2) Post-colonoscopy
phase, which includes post-procedural care and the
provision of discharge instructions. The guideline
was evaluated for quality by five experts using the
Appraisal of Guidelines for Research and Evaluation
Il (AGREE) criteria. The quality scores ranged from
95.00% to 97.77%. The overall quality score of the
guideline was 96.66%. All experts agreed that the
guideline was appropriate for implementation. All
participants involved in the implementation of the
guideline agreed that the protocol demonstrated

clarity, promoted consistent understanding among

healthcare teams, was easy to implement, exhibited
practical feasibility within clinical settings, and was
associated with a high level of user satisfaction.
Intestinal cleanliness was at a very good level ()_( =390,
SD = .316). Conclusion: The developed guideline
was found to be appropriate and feasible for
implementation at Tapan Hin Crown Prince Hospital,
Phichit Province. Recommendation: The guidelines
should be implemented to evaluate its effectiveness

and extended to hospitals with similar contexts.

Keywords: Guideline development, Colonoscopy,
Colorectal Cancer Screening, Patient Preparation
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Abstract

The prevalence of adolescent overweight conditions poses a considerable challenge, requiring innovative
and effective behavioral interventions. This study utilized a quasi-experimental, one-group time-series design
to investigate the efficacy of the SKT Meditation Program on Body Mass Index (BMI), waist circumference (WC),
and health behaviors among 27 overweight university students (BMI > 23 kg/m?2). Participants engaged in an
8-week SKT program (Techniques 1, 2, and 7) alongside nutrition and 3 A’s 2 S’s health behaviors promotion,
with outcomes measured pre- and post-intervention. The results demonstrated a statistically significant
elevation in mean scores for nutritional knowledge and 3 A’s 2 S's health behaviors promotion (p < 0.01),
with large effect sizes (d = 2.87 - 4.77). Furthermore, the program led to a statistically significant decrease
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in BMI, WC, and FBG (p<0.01). Repeated Measures
ANOVA established a substantial practical effect size
(2 : 0.49-0.68) across all physiological variables,
with FBG demonstrating a significant and rapid
decrease beginning in Week 2 and exhibiting the
highest effect size (12 = 0.68), indicating a marked
efficacy on glucose metabolism. In summary, the SKT
Meditation Program exhibits significant potential
and minimal expense for enhancing holistic health
and mitigating cardiometabolic risk among students,
thereby endorsing its implementation as a scalable,
integrated health promotion strategy for analogous

populations in the future.

Keywords: Quasi-experimental research, Body
Mass Index, Overweight students, SKT meditation
program, Waist circumference
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a15199 2 Wiruifipuaziuueiganusiulagnsion waznawuinsuausuBeUufinns fae3sa1s Paired t-test

U29NaNFAIBEe (n = 27)

anuidulasuints | Mean SD MD t p-value | Cohen'sd| 95%Cl
ApULTNSIUTUS AT 6.59 1.28
270 15.00 0.000 2.87 (2.21,3.51)
AHILTITUNITDUTH 9.30 0.67

3. HAMFIATZFUSHDITIDUA AR YT R DN ANSTUFDNWANLRAN 3.24. 1B9NFNMIBE1e w355 Paired t-test
WU HaaisnlUsasuansyte SKT ﬁml,aﬁ'mzﬁuwaﬁﬂism (Mean = 4.30, SD = 0.32) gendnAputinsiulysuwasy
(Mean = 2.84,SD = 0.21) azmﬁﬁfyﬁwﬁsuwmﬁaﬁﬁﬁszﬁu 0.01 T finad1euesd1 @iy 146 uazlivuednSnang
Tuszdulrajunn (Cohen's d = 477, 95% Cl = 3.97,5.56) f4an91497 3
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015199 3 WSBUABUAIRAYTEAUNA FNTTUFIAWAIUNAN 38.24. AauaznaaisinlusiasuaunSiTe SKT upengu
A9 (n = 27)

NORNTTUFUAIN Mean SD MD t p-value | Cohen'sd| 95%Cl
ApuLTNgIuTUSLLATY 2.84 0.21

1.46 2479 0.001 407 (3.97,5.56)
a1l LAY 4.30 0.32

4. wanmsieseAsufisuanedsdsduianiy (BMI), w@usoued (WC) wazeszduiiaialuldsnuaizanniwig
(FBG) seninsfpunaznaainsnlusinsuaudinge SKT vasindawfifinnziwndnfuludlans i 2, 4 uas 8 druads
Repeated measures ANOVA fisfifipun1siasizdinnuudstsiumaiianuuingh (One-way Repeated Measures
ANOVA) Z@?ﬁmsmwaauﬁamﬂaﬂLﬁaqﬁuﬁﬁﬁﬁ@ lauA asnszatgdauuuund (Normality) wazanuidulanWLsyDs
Aanuulsdsau (Sphericity) Fedszfinlaald Mauchly's Test of Sphericity nan1snagaUNUI1 FaLUs seuLaa
BpAUaIzpRa1Ms (FBG) nlUamuiannaudasdusians Ao 193aiMNTENLAIVUUNR wazuauNAzIvANUDY
BANUSYDIANNLUSUSIU (Sphericity Assumed) a@ua1asiiataniy (BMI) wazidusauian (WC) (shiduluamudannas
osduuaeanudunniusuaeanuuysiusin (Mauchly's Test of Sphericity, p <.05) i §e51891UNANS3LASIZHA
F-ratio waz p-value 19967105 BMI Lag WC @838 Greenhouse-Geisser Waudlumnuraiaadsudionaiaiuain
msazdiaionnaadsedudenan

nan1sUSpUsUATRE UM ILUSN9EEsINEIRanasTYzal 8 dUMuasnsisinlusuasuanSiTa SKT wans
WiRuwaumsanaseedsfinsssaadsdsdunaniy (BMI), @usaute (WC) wazszauiingaludonunizannnwg
(FBG) Tagaiady BMI a@a\‘imﬂﬁiwﬁugwuﬁauﬂﬁw@aaq (Mean + SD = 2736 + 191) i 26.30 + 215 ludUa %7 8
LazANRALLENTEUWDY (WC) anasarn 90.89 + 5.69 . 1iu 87.04  6.42 5u. luda1#7 8 diudnadyseauiinma
uIEDAMNERD191S (FBG) In15anated1esintii iuyiedu lnuanasain 82.37 + 5.87 un./aa. 1T 76.89 + 516 un./aa.
WFUAHT 4 wazasii 7693 + 3.69 un./aa. TWFUMHT 8 dananslunsed 4 LLazg‘U‘ﬁ 2

WodmsnzdanunlsUsaunuuiah (Repeated Measures ANOVA) 8uguinilasunaivasnisiinsiulysunsu
a1181117 SKT fnanssenusgadiduddeysinaiulsnieadsinga Tagwudl aufiuoaniy (BMI) finsuasunlasanas
pehfiffuddameadf (F = 45.85, p < 0.01) Tasdfivunadnswadilnejann (Partial 72 = 0.49) FetsiinlUsunsuanansa
pEUwANNLUsUTINIuMs WD uLUas BMI @assayas 49 wiuduifuidusauted (WC) fnswisuudasanasagied
JudrAsyneaiifige (F= 4811, p <0.01) u,azLLamvumﬁ%%waﬁtw@um (Partial 12 = 0.56) %ﬁgﬂﬂdﬂ BMI 18ntiay Hudu
UseAnsmwnslusunsulumsanlusiuusnarpwins luasfissduimaludenuazannms (FBG) wumsWasnuaanas
pehefiffddameafifgega (F = 20.32, p < 0.01) fsvuadnswafilnajunndige (Partial 72 = 0.68) FauanelHifiui
Sauaz 68 UpeANULlsUTINAmsEaUmaludoauazan1ms (FBG) fiamuduiussiuiladunaiseenislasuTyswasy
aeviaudelsyAninadilng WnpaelUsuASUADASAIUANIILNUDATUYDINg LA Fanansieszddenannttainlusuasy
fuSU0 SKT fanuaunsalunsUsulgedndsmeaisingagredidoddauaziivuiadnswaluszaulnajunnlunig
UTE denansluanaed 5

M15199 4 WSsuWsuaeigdyiiuianiy (BMI), ldusauLad (WC) waza1szauiiaaluldnnuaeannmis (FBG) Aaw
wazraaisiulyswnsuausiite SKT udua19ia 2, 4 waz 8 (n = 27)

Sauls Baseline Week 2 Week 4 Week 8
Mean + SD Mean = SD Mean = SD Mean + SD
BMI2 2736 £ 191 2716 + 2.03 26.86 + 211 2630 £ 215
W 90.89 + 5.69 90.26 + 598 8893 + 6.31 87.04 + 6.42
FBGP 82.37 +5.87 79.26 + 6.05 76.89 £ 516 7693 + 3.69

a5181UKA lAe [HAT Greenhouse-Geiser, 1eviusalag lda1 Sphericity Assumed
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—+—BMI = -WC —a—FBG
100.00
90.89 90.26
88.93
90.00 - . = ST
a
80.00 —
8237
2% 76.89 76.93
70.00 - -
60.00
50.00
40.00
30.00 27.36 27.16 26.86 26.30
———
20.00
BASELINE WEEK 2 WEEK 4 WEEK 8

51 2 iR NANRAsABHNang (BMI), ldusaual (WC) wasA1seauiimaluldnnuseana1nis (FBG) AauLay
waaisnlUsasuansnge SKT ldUa¥if 2, 4 way 8

15199 5 F1asnzranuLdsUsivuuuind sy ufisua1anasasiinianiy (BMI), ldusautad (WC) wazA1szauinnia
LB VMERAR1MNS (FBG) Anuuasrawing dldswasuaunsinga SKT Wuduansil 2, 4 wag 8 (n = 27)

Aates SS df MS F p-value Partial 72
BMI2 17.53 207 8.45 4585 0.000* 0.49
WCs 235.00 135 173.81 4811 0.000* 0.56
FBG® 539.07 3.00 179.69 20.32 0.000* 0.68

a518N14HA e [HA1 Greenhouse-Geiser, bs1gviunalaglda1 Sphericity Assumed

SS = Sum of Square, df = Degree of Freedom, MS = Mean Square, * p < 0.01

dadwseiusuuifisunasieannidsfiunans (BMI), lduseuten (WC) uazseduinaaludanuaizansims (FBO)
5186 (Pairwise comparison) Aauaznaisulysiasuaunsiga SKT Tuduan#f 2,4 ez 8 Wuin MsasuLLas
ﬂméhLL‘}JS%N&%‘S%ML'fluf‘ﬂ"ﬁu‘ﬁﬂmﬁﬁﬁuaﬂwﬁﬁsﬁwﬁmmaaﬁﬁ (p < 0.01) Turhenafiuanseiy gredi

Awdudnfiuianiy (BMI) L?;Ja@mazmﬁﬁyﬁwﬁﬁquaﬁﬁﬁﬁLL@ié’Umﬁﬁ 4 Juduly (Mean Difference = 0.50,
p < 0.01) LLa:mLQ?iyamaﬂanﬂﬁqmiu §Up9%7 8 (Mean Difference = 1.07,p<0.01) fuARaYLEUTa DY (WC) ADY 9
a@aﬁaﬂwqﬁﬂfﬂﬁwﬁmmﬂaﬁﬁﬁqLwiéTiJmﬁﬁ 2 (Mean Difference = 0.63, p < 0.01) LLazﬁmmLL@ﬂﬁiNmﬂmﬁugmazm
ATyadey WRuTuses 5 AU §UA%T 8 T Lﬂuﬁaqﬁmmﬁya@aw‘hq@ (Mean Difference = 3.85, p < 0.01) \fiafRa15641
Abszauinaaludanuazonnis (FBG) wui a@aﬂaﬂwﬁﬁyﬁﬁﬁmmﬂaﬁﬁﬁﬁLLsié’ﬂmﬁ‘ﬁ 2 (Mean Difference
=3.11,p<0.01) I@smmLmﬂ@mg\ﬁq@mﬂﬁﬂﬁugwuLﬁ@ﬁuiuﬁﬂﬂwﬁﬁ 4 (Mean Difference = 5.48, p < 0.01) Fauaaslw
Winhuseansnavadlusunsudanisauauszduihamaludaaifniuatemais lutidulazeasda ey faaaed 6
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M15199 6 WisUisuNaseAREsABiaaniy (BMI), LdusauLad (WC) Lasaseauiinalulannumseana1is (FBG)
AsudaznauinsInlUsATUAsASIESuguAWApAsTEauE U R SKT TudUA%fl 2 §Uan%ifl 4 wazdun9ii 8

Baseline Week 2 Week 4 Week 8
FUa%
BMI | WC | FBG BMI WC FBG BMI WC FBG BMI WC FBG
Baseline 0.20 0.63* 3.11* 0.50* 1.96* 5.48%* 1.07* 3.85% | 5.41*
Week 2 0.31* 1.33* 2.37* 0.87* 1.33* | 2.30*
Week 4 0.56* 1.89* 0.07
Week 8

MD = Mean Difference, *p < 0.01

2AYUs1ema (Discussion)

AsEnwddumsisyRameanaiieUszfiuysednsnavaslusunsuaundinga SKT dadudunaniy @usauwen
uazwadnssuguAmuasinAnwAfiansihmsinfu J1wam 27 au SeldiinsanTusuasuansinta SKT medlafi 1, 2
waz 7 1Huna 8 §Uanv sauAums AU AN BuINITWALASELETI N FNTTUFUATWANUNEN 39,24, ANSUNTA WS
saaAdpeAuLIUTRAdTnanadmsunsselinuazsnmaizsiuludnnaziosu (Clinical Practice Guideline
for the Evaluation and Treatment of Children and Adolescents With Obesity) fuifiugndennuddeuasnng
rdangAnssuguawuaziftinuuuiiuiu (Intensive Health Behavior and Lifestyle Treatment) ﬁy’ﬂLLGingiTﬁﬁas”
msenmfenaniadumsiasundngubalsydnginismsufoafysennssmisienssumanisiazmsiinad (Mind-Body
Intervention) s1115aRaUaRDIARTDLLEEIMMARTNFAYNa1I (PR eHUsEENENa

HAMIANINUT AzuuLRAEANNSELIALINMT uasFUNaANTTUFUAWANLNAN 30,24, IngTuath el dday
mﬂaﬁﬁL,Lazﬁiluw@w%waﬁ?m]JMﬂ (Cohen's d = 2.86 waz 4.77 a1ua6v) msmﬁwLLUaﬁwaﬁﬂismﬁLﬁmmﬂmsﬁ
WswasuaunSide SKT (Fusannsasiaaunsidrdunsiianusdulasunisuazngfinssugunwaiunan 39.24.
ﬁﬁﬁmmLmewaﬂﬂszmwmﬁwsmqum’ﬂ edinalnndnuosaunstie SKT Aansinnsaseniing (Mindfulness)
shuaumalauazmseanulnafiUsyanuiu’ msmszwﬁ’ﬂfﬁ' T Iuununrdnfitewannmssunues (Self-Regulation)®
FatanansnulnYASIEaNg inTTUAITUEINADIMS TABRNIZANTIAASAUANsALAIaIsuel (Emotional Eating)© vinl#
AguIREsEINsansTminAeansusinazanufinfiilimenuniw wazdsnneuausdlasliamusdulamnnsaldsumn
WNLA1SADUANDIANUNTUaInEaTiduIAY FuduiladuddnylumsananuiFesdaiiaduiuununin® WiaRansanuanis
AAs1zRaNLUsUTIRLUD AT (Repeated Measures ANOVA) Juguirtlasgnaivasnisiinginlysunsuiinanszny
azhﬁﬁﬁyﬁwﬁayiaﬁaLLﬂJiﬂNﬁ%‘;’immﬁy’ﬂmmT’a I@yﬁum@E‘m%waﬁiﬂﬁgmﬂmwﬁﬁﬁ (Partial 72 pgjszndng 0.49 §e 0.68)
duLdusaULDY (WC) wumia@aﬁaimﬁﬁfsﬁwﬁgquaﬁﬁﬁﬂLwiéf‘ﬂmﬁ“?i 2 LLazﬁum@ﬁ%%waﬁTWMﬂ (Partial m2 = 0.56)
mMsanasisInlsifitifalssansuagelumsan liuus o sinsiunalnmsananuasuameadsingt® Taglusunsy
fuBUn SKT faulunsusuaunauasseuudssannnisBuwiindin (Parasympathetic Nervous System) Fafuwualiin
ﬁ']f‘uajmia@msmﬁ”ﬂaaﬁmuﬂa%ﬁ%aa (Cortisol) F Wutladanadnlumsnsedunmsazaulvduyaeing fuseauIanaly
\Eoaunizana1ms (FBG) anasageminfiuasiitpddaneadfisudduansid 2 TmyLLamuumﬁﬂ%waﬁngsnﬂﬁq@
(Partial n2 = 0.68) Uszan3nailaniauss FBG azﬁauﬁﬁmsﬂ%’w‘gﬁmmeﬁ%’maﬂﬂgiﬂauaxmaﬁmmmbvmL?jaa'
fipBugAu (Insulin Sensitivity)"* wpnMAinalamsananuasyasuaunsiTe SKT? ﬁma@m'gzﬁaﬁuyﬁuﬁlﬁ@mﬂ
ANAULAFEAIEDSY Yildnalnmsmueuseiuihaaludaariauldagedyseinsawisiue 1 deaanndasiunuisy
LBauen - pznddaszeulan (Global Meta-analysis Research) ﬁ@uﬁ’uﬂszﬁw%wavaﬁiﬂiLLﬂsaJﬁﬁﬁugmmﬂmsmsmﬁﬂﬁ
(Mindfulness-Based Interventions; MBls) 131 MBSR %%amﬁmmiﬁmﬁﬂLﬁﬂ‘wa?\ﬂssm BY JagNan1sAnMILERAS
Widuildsuasuaundunda SKT fanuaunsalunsusvdsediutsneassing (BMI, WC, FBG) uaznafnssugunin
vopsiin@nmifaehedussAnsnanazivnndninafilneunn fep1eusddednvazianzunaunaiia SKT fifiuadonalans
zﬁi’“mmLLafzmLmua‘éﬁmfﬁsmL%'aﬂ’jﬂﬂiLLﬂimﬁﬁﬁugmammsﬂﬂaﬁ (MBIs) ¥ Gﬁfmm@ﬁmami%’ﬂ%’ﬁaﬁmagumsﬁﬂ
lszyadliduusmefianiiusysssuuas duyus (Low-Cost Intervention) Tagmihisnuduansisaiguuazaniiy
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2ANFAN WU AuTUSMsFIA IR AN nBeWRmERAnW
sansaslusuasuainsinge SKT ysennisidufanssy
Tulasensasasuguawiindns) (Student Wellness
Program) Ralfiduuuinienrsunsnuwged (dl5en
(Non-Pharmacological Intervention) ﬁﬁﬂﬂquﬂu
MsIanMsAMTThniAALLazan AN FDIuURANTY
AudaTy warlidnnnlumswannduldsunsuguainw
A5 D ANUALNAITALAFUAIN LD DIATINTFAN Y
gauFnamlFagaady

pehalsAna winadwseu il hufiemedia uansise

o
=1

AfuRssmsEnwLUURYAaDY (Quasi-experimental)
Tnguenpgrduindsy (n = 27) wazlifnguaiuau
(Control Group) ¥l#llanusaduduanuduiusiBs
s (Causal Inference) lipeesuysel ipennnadns
fldanauaniladeudu q wu ANUAIAR I DI LT
(Placebo Effect) #5an151U88uLYa9R10555UY 6
(Maturation Effect) upnanadi msanwidenanuias
ms‘ﬂszLﬁuTSﬂﬂizai’w@f’;ﬁwwﬂwLLazmﬁmvmrﬁLﬁﬁw
Feprafutiasunu (Confounding Factor) sian1seaUsaUns
sianmsita 1ensiaratusszaniaUssinanuael
UBIHAANS Larunansinasnwiie (Quality of Life)
Fudusiinguawuunesdruidfalunsguasnm
Aaedmluogu deiuieanAdufianuuiaings uas
dngadalusziuaina AsATiNATITe luaIAn Tugy
LUUNNSNAaBILUUFNLaziinguAIuAN (Randomized
Controlled Trial: RCT) gtfinpuna o Wi anass
mﬁLﬂswzﬁﬁﬁémwmswmaaugﬂ Lﬁmémmuamﬁfeﬁu
AMTUNTALBILDDEL (111 MstiaNusuguaIwIfis
pENaFen) wazsfiumsfnmunaluszaze (Long-Term
Follow-up) 6 - 12 401 i UsefiuANUAILUDINAa WS
AsimsiauysiBenalanedied wu ssduaastigna
Turhany/\8ee wazdsd HOMA-IR (Homeostatic Model
Assessment for Insulin Resistance) Wipfusunalnnis
Ysutgeemnubuaedugdu saudemsinnaduguawanuas
A MFIRAILA Y WalinsUsufiudseansnauas
am%ﬂwﬁ’@ﬁmmamysﬂﬁqﬁuiugmmqvmwLmumﬁﬂm

unasy (Conclusion)
MnAMSAnUTERNSNaYDSlUSILASUANNE1TR
SKT wafiadi 1, 2, uaz 7 Tuﬂajmﬁ’ﬂﬁﬂmﬁﬁmazﬁ’mﬁﬂ
WA wud msfaufdEsdeiswiuszazing 8 Uan#
Famalia1asiutaniy (BMI), idusaual (WC), agszay
aaludanuazenn1mis (FBG) anaspgeldydeey
MeaER wsaLAuMsWaLBeIn i uanusiulnguns
LATWORNTTUFUATNAIUNAN 30.2d. De1eafisladnesy
wufuanudSatidnnnnalamedalafisnday Taunsin

AB1TR SKT hagiiinszdiumsnsznsing (Mindfulness)
LazAITANAUANLDY (Self-Regulation) Far TR E AW
ANU1TATVIUAZIANTAVANULATEANSDDITUILEYAU
185Tn dwnaldanngfinssunsusinaninsausisual
(Emotional Eating) LLa:LﬁaﬂwaﬁﬂSimqvmwﬁﬁﬁu
ununadnSHuaa ity A SeaTEnTUsnsuaIg
1ia SKT snansasdumadonlunisunsnusedildlien
ﬁﬂsz?m%mwua:ﬁunuﬁw (Low-Cost and Effective
Non-Pharmacological Intervention) G4aanadnsfiu
wiaUfofneaatnanafiiunssnmnniegsiudisns
USDLAsuNANSINFUAWUDULTNTY DealsAnu i
ﬁuﬂ’ummﬁmﬁuﬁlﬁqmm@LLazLa‘?mmmmLﬁaﬁaiuszﬁu
fna AIsTinsisplustuuumsnaaneuuguaziingy
AIUAN (RCT) lapfinsuensmadiangnaasfinaunaly
S70281) WDUSAINANUASILUDINASWERB (U Tieliniiay
fiiundngiuddayfiaduayunsliauisiide SKT
TumstlasduuazdnmsiuamsimsiniAnlunguindnm
Fadunagnsuamsuwnduunysanmsiddauaziy
ngmlumssdassuguamuungBulitudeeulusmazen
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Abstract

The data are limited on vaccine responses in patients with autoimmune inflammatory rneumatic disease
(AIRD), especially for the adenoviral vector ChAdOx1 vaccine. This single-center prospective cohort study
evaluated the immunogenicity and safety of ChAdOx1 vaccine in patients with AIRD at Chulabhorn Hospital,
Thailand. Thirty-five patients with AIRDs were enrolled between June 9 and July 1,2021. The immune response
and reactogenicity data of 70 healthcare workers (age- and sex-frequency matched) were used as a control
group. All participants were vaccinated with two doses of ChAdOx1 vaccine with a 3-month interval. Antibodies
against the receptor-binding domain of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) spike
protein were assessed prevaccination, 3 months after the first dose, and 1 month after the second dose.
Disease activity and reactogenicity were assessed before and 7 days after both vaccinations.

The geometric mean concentration of SARS-CoV-2 antibodies at 3 months after the first vaccination
was significantly lower in patients than that in healthy controls (21.82 vs 66.01 BAU/mL, P= 0.002), although
there was an insignificant decrease in antibody response in patients with AIRDs compared with that in
healthy controls at 1 month after the second vaccination (647.05 vs 814.08 BAU/mL, P = 0.484). Vaccines
were mostly well tolerated with mild adverse reactions, and no patients experienced a disease flare. The
antibody responses of patients with AIRDs did not significantly differ from those of healthy controls but did
tend to be lower. Most vaccinations were well-tolerated without postvaccination disease flares.

Keywords: COVID-19, SARS-CoV-2 vaccine, Immunogenicity, Reactogenicity, Autoimmune inflammatory
rheumatic diseases (AIRDs)

Introduction

The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) pandemic continues to threaten
the health of patients worldwide. The risk factors for severe complications or death include older age and
comorbidities such as diabetes or preexisting respiratory or cardiovascular disease.!

Autoimmune inflammatory rheumatic diseases (AIRDs) are a group of autoimmune diseases affecting
the systemic organs, especially musculoskeletal organs. Each disease is characterized by a distinct type of
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immune dysfunction, with a unique inflammatory
response and cytokine profile? The prevalence of
coronavirus disease 2019 (COVID-19) among patients
with AIRDs was reported to be increased compared
with that in the general population®4 Underlying
autoimmune disease and treatment-induced
immunosuppression may increase the risk of severe
manifestation and complications of COVID-19 in
patients with AIRDs>¢. The most important factors
associated with a higher risk of hospitalization and
death in these individuals were found to be older age
and moderate to high disease activity as well as high
glucocorticoid dosages (equivalent to prednisolone
>10 mg)"®. Patients treated with biologic or targeted
synthetic disease-modifying anti-rheumatic drugs
(b/tsDMARDs) were associated with a reduced risk
of severe COVID-19 infection, whereas conventional
DMARDs did not influence infection severity*.

Developing suitable vaccines is critical in reducing
COVID-19 mortality and morbidity. Patients with
AIRDs and/or those taking immunosuppressive
drugs were excluded from the phase Ill trials for
COVID-19 vaccines because their immune systems
are either suppressed or dysregulated, which could
affect vaccine efficacy and safety. The issues of both
safety and efficacy of vaccination in patients with
AIRDs have been questioned, especially the viral
vector vaccines’.

Previous studies on COVID-19 vaccine immuno-
genicity in patients with AIRDs have suggested the
presence of slightly reduced humoral responses but
have been limited by small numbers of patients,©
and most studies evaluated immunogenicity
following messenger RNA vaccination of patients
with AIRDs™ ™3,

The adenovirus-vectored ChAdOx1 nCov-19
(ChAdOX]1) vaccine was the first to become available
during the pandemic in Thailand. In this study, we
aim to provide data comparing the immunogenicity
and reactogenicity of an adenovirus-vectored
vaccine (i.e.,, ChAdOx1) in patients with AIRDs and
immunosuppressive treatment with healthy controls

in monocentric cohort.

Patients and Methods
Study design and participants

Healthy individuals were recruited from healthcare
workers of the Chulabhorn Hospital, and patients
with AIRDs were recruited from the Rheumatology
Outpatient Department in Chulabhorn Hospital.
Thirty-five adults with AIRDs and 70 age- and
sex-frequency matched healthy adults (control group)
who had no underlying disease were enrolled to
this study. Participants were administered ChAdOx1
vaccines at an interval of 12 weeks between the
two doses. Enrollment and vaccination occurred
between June 9, 2021 and July 1, 2021.

Patients with AIRDs were included according to
criteria: age 218 years, negative blood antibody test
for COVID-19, no previous history of a severe form
of vaccine allergy, no fever or history of fever in the
past 14 days, no history of respiratory tract infection
in the past 14 days, urine pregnancy test negative
(women with pregnancy potential), and signed written
informed consent; patients presenting any of the
following criteria were not eligible for enrollment
into the study: previous vaccination with COVID-19
before enrolment, any vaccination within 14 days
before enrolment, pregnant, breast-feeding women,
and those with active autoimmune disease within
6 months before enrolment.

The study protocol, consent form, and case
records form were reviewed and approved by the
Chulabhorn Ethics Committee (reference number:
056/2564). Written informed consent was obtained
from all participants before enrollment. In addition,
this study was registered at thaiclinicaltrials.org
(TCTR20211228003) and was conducted in compliance
with the International Conference for Harmonization

Good Clinical Practice Guideline.

Procedure

Demographic information, current medication,
disease activity, and relevant blood samples were
collected at baseline.

Two 0.5-mL doses of the ChAdOx1 vaccine
(AZD1222) were administered intramuscularly.
Participants were observed in the clinic for 30 min
after the vaccination procedure.

Antibodies (total) against the receptor-binding
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domain (RBD) of the SARS-CoV-2 spike protein were
measured using a US Food and Drug Administration
approved method (Roche Elecsys, Roche Diagnostics
International). Antibody testing was normally
performed on day O before first vaccination (at
baseline), 3 months after the first vaccination, and
1 month after the second dose of ChAdOx1 vaccine.

Monitoring for disease activity was performed
at baseline (before first vaccination), 7 days after
the first vaccination, on the day of the second
vaccination,and 7 days after the second vaccination
and use standard instruments to assess disease
activity, e.g. Disease activity score 28 ESR (DAS28
ESR) rheumatoid arthritis, Axial Spondyloarthritis
Disease Activity Score (ASDAS) and Bath Ankylosing
Spondylitis Disease Activity Index (BASDAI) for anky-
losing spondylitis and other axial spondyloarthritis,
Disease Activity in Psoriatic Arthritis (DAPSA) and DAS28
ESR for psoriatic arthritis, Clinical EULAR Sjogren's
Syndrome Disease Activity Index (ClinESSDAI) and
EULAR Sjogren's Syndrome Patient Reported Index
(ESSPRI) for Sjogren's syndrome and modified-SLE
disease activity index 2000 (mSLEDAI-2K) for SLE
that classified to remission, minimal or low disease
activity, moderate disease activity and severe or
high disease activity. Patients Global Assessment
(PGA) and physician Global Assessment (PhGA) was
performed for all patients with AIRDs.

Safety

After 30 minutes of observation to monitor
the immediate adverse event, participants could
go home. On days 1 and 7post-vaccinations,
participants were queried regarding reactogenicities
via a questionnaire sent by a short message service.
The severity of adverse events was graded by
participants (mild vs. moderate vs. severe severity).
Severity was defined as (i) mild: not interfering with
daily activity or a local reaction <5cm, (i) moderate:
some interference with daily activity or a local
reaction of 251 cm to <10 cm, (iii) severe: significant
interference with daily activity or a local reaction
>10 cm.

Outcome

The primary outcome was humoral immunity,
assessed by the geometric mean concentration
(GMCQC) of anti-RBD antibodies against SARS-CoV-2
at 1 month after the second ChAdOx1 vaccination
in all participants; GMC was compared between the
groups using the geometric mean ratio (GMR).

The secondary outcomes were the GMC of anti-RBD
antibodies against SARS-CoV-2 at 3 months after
the first dose of ChAdOx1 vaccine, seroconversion
rate in patients with AIRDs, reactogenicity after
immunization in patients with AIRDs and documented
inflammatory disease in patients with AIRDs at the
time point of vaccination and 7 days after ChAdOx1
vaccination.

The meaning of seroconversion is the development
of specific antibodies in the blood serum as a result
of vaccination. Before vaccination, antibody is absent
and then after vaccination antibody is present and
detectable by standard techniques.

Statistical analysis

Baseline characteristics were reported as medians
and interquartile ranges (IQRs). The anti-SARS-CoV-2
spike RBD antibody concentration was summarized
as the GMC and 95% confidence interval (Cl). The
GMC was compared between the groups using a
multiple linear regression model. The seroconversion
rate was compared between the groups using a
multilevel mixed-effects logistic regression model.
Disease activity scores before and after vaccination
were compared using dependent t-test and Wilcoxon
rank sum test. Reactogenicity was measured using
the Chi-square test and Fisher's exact test. Data
were statistically analyzed using STATA/SE version

16. A P value <0.05 indicated statistical significance.

Results
Demographic and clinical characteristics

The median age of patients with AIRDs was 61 years
while that of healthy controls with no comorbidities
was 61.5 years; 85.7% of each cohort was female. No
participant had previously had SARS-CoV-2-infection
before vaccination.

Patients with AIRDs had the following disease
diagnoses: rheumatoid arthritis (RA) (n =17, 48.57%),
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Sjogren's syndrome (n = 5, 14.29%), systemic lupus erythematosus (SLE) (n = 3, 8.57%), psoriatic arthritis
(n=2,5.71%), anti-neutrophil cytoplasmic antibody (ANCA)-associated vasculitis (n = 2, 5.71%), limited cutaneous
systemic sclerosis (n = 2, 5.71%), and diffuse cutaneous systemic sclerosis (n = 1, 2.86%), ankylosing spondylitis
(n =1, 2.86%), other spondyloarthritis (n = 1, 2.86%), undifferentiated connective tissue disease (UCTD) (n = 1,
2.86%). Comorbidities in patient with AIRDs are generally well-managed and their conditions are not worsening.

Disease-Modifying Antirheumatic Drugs (DMARDs) are a specific type of immunosuppressant that aims
to modify the disease process, while all DMARDs are immunosuppressants, not all immunosuppressants are
DMARDs and that are classified as either conventional synthetic DMARDs (csDMARDs) or biological DMARDs.
Atotal of 32 (91.4%) patients were using immunosuppressive drugs (87.5% ongoing treatment with csDMARDs
and 12.5% ongoing treatment with other immunosuppressive drugs that are mycophenolate mofetil (MMF)
and azathioprine (median dose of MMF 2,500 (2000, 3000) mg/day and median dose of azathioprine 75 (50, 100)
mg/day) and none of the patients were receiving biological DMARDs including biosimilar). Seventeen (48.6%)
patients were receiving ongoing treatment with prednisone, classify prednisolone dosage is low dose (less
than 7.5 mg per day) is 16 patients, moderate dose (between 7.5 mg and 40 mg per day) is 1 patient and no
patient use high dose of prednisolone (more than 40 mg per day), median dose of prednisolone was 5.00

(2.50, 5.00) mg/day. Disease activity at baseline was considered low disease activity (Table 1).

Table 1 Demographic and clinical characteristics of patients with AIRDs

Characteristic Patients with AIRDs Control group
(N =35) (N=70)
Sex, N (%)

Male 5 (14.29) 10 (14.29)
Female 30 (85.71) 60 (85.71)
Age (years), median (IQRs) 61 (59, 67) 6150 (56, 66)

Disease duration (years), median (IQRs) 31,7

(At the time of 1st vaccination)

Autoimmune disease, N (%)

Rheumatoid arthritis 17 (48.57)

Sjogren's syndrome 5(14.29)

SLE 3(8.57)

Psoriatic arthritis 2 (5.71) -
ANCA-associated vasculitis 2 (5.71)

Limited cutaneous systemic sclerosis 2 (5.71)

Diffuse cutaneous systemic sclerosis 1(2.86)

ucTD 1(2.86)

Ankylosing spondylitis 1(2.86)

Other spondyloarthritis 1(2.86)

Comorbidities, N (%)
Diabetes mellitus 3 (8.57)
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Characteristic

Patients with AIRDs

Control group

(N =35) (N=70)
CKD 3 (8.57)
Cardiovascular disease 3 (8.57) -
Solid cancer 2 (5.71)
Cirrhosis 1(2.86)
Hematologic malignancy 1(2.86)
Immunosuppressants, N (%)
Conventional synthetic DMARDs 28 (87.50)
csDMARD monotherapy 17 (53.12)
csDMARD combination therapy 11 (34.38) -
Immunosuppressive drugs 4 (12.50)
Azathioprine 2 (6.25)
Mycophenolate mofetil 2 (6.25)
Prednisolone-equivalent glucocorticoids, N (%)
<75 mg/day 16 (94.12)
75 mg - 40 mg/day 1(5.88)

Prednisolone (dose), median (IQRs)

Prednisolone (mg/day)

5.00 (2.50, 5.00)

Disease activity at baseline, N (%)

Remission 8 (22.86)
Minimal or low disease activity 17 (48.57) -
Moderate disease activity 8 (22.86)
Severe or high disease activity 2 (5.71)

Disease activity at baseline, median (IQRs)
PGA 3 (0, 8) -
PhGA 3(0,8)

CKD, chronic kidney disease; csDMARD, conventional synthetic Disease-Modifying Antirheumatic Drugs

included: methotrexate, leflunomide, hydroxychloroquine, and sulfasalazine; Immunosuppressive drugs

included: azathioprine and mycophenolate mofetil

ChAdOx1 vaccine shows immunogenicity in patients with AIRDs

The results of SARS-CoV-2 I1gG antibody detection in study subjects with or without AIRDs are shown in
Tables 2 and in Figure 1. The GMC of SARS-CoV-2 IgG antibodies at 1 month after the second vaccination was
not significantly different (P= 0.484) than that in the healthy control group with a mean anti-SARS-CoV-2 IgG
of 814.08 BAU/mL (95% Cl = 668.45-991.44). Patients with AIRDs exhibited lower levels of anti-SARS-CoV-2
IgG (mean 647.05 BAU/mL; 95% Cl = 341.91-1224.50) (Table 2 and Figure 1), but the GMC of SARS-CoV-2 1gG
antibodies at 3 months after the first vaccination of ChAdOx1 vaccine was significantly (P= 0.002) lower in
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patients with AIRDs (21.82 BAU/mL, 95% Cl = 11.46-41.54) than that in the healthy control group (Table 2 and Figure 1).
Two patients with AIRDs had no detectable anti-SARS-CoV-2 IgG at 3 months after the first vaccination
and 1 patient with AIRDs at 1 month after the second dose of ChAdOx1 vaccine. This patient was a 75-year-old

female with diagnosed ANCA-associated vasculitis who was receiving treatment with mycophenolate mofetil

3 g/day, and prednisolone 5 mg/day.

Table 2 Geometric mean ratio of anti-SARS-CoV-2 spike protein RBD antibodies

Geometric mean Geometric
Group N (%) concentration mean ratio | Pvalue
(95% CI), (BAU/mL) (95% Cl)
At 1 month after the second dose
of ChAdOx1 vaccine
Patients with AIRDs 35 (33.33) 647.05 (341.91-1224.50) | 0.79 (0.41-1.52)
Control group 70 (66.67) 814.08 (668.45-991.44) Ref. 0.484
At 3 months after the first dose
of ChAdOx1 vaccine
Patients with AIRDs 33 (37.93) 21.82 (11.46—41.54) 0.33 (0.17-0.65)
Control group 54 (62.07) 66.01 (50.53-86.22) Ref. 0.002

n=35
GMC=0.41

1000 10000 100000

Antibody (BAU/mI)

100
1

The antibody from AIRDs patient and control group
who received AstraZeneca vaccine

n=70 =

n=35

n=70

n=33 n=54
GMC=0.41 GMC=21.82 GMC=66.01 GMC=647.05 GMC=814.05

P-value=0.484

P-value=0.002

Base

line

12 weeks after first
AstraZeneca vaccine

4 weeks after second
AstraZeneca vaccine

[ ARDs
|:| Control group

Figure 1 Anti-SARS-CoV-2 spike protein RBD antibodies after a single dose and two dose of the ChAdOx1
vaccine in patients with AIRDs and healthy controls.
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Seroconversion of antibodies after the second vaccine dose

Before vaccination, all patients were confirmed to be seronegative for anti-SARS-CoV-2 spike protein 1gG
antibodies (<0.8 BAU/mL). Positive antibody response developed in 94.3% of all participants approximately
1 month after the second dose of ChAdOx1 vaccine. The seroconversion rate was higher in the control group
than that in the patients with AIRDs group (Table 3).

Table 3 Seroconversion rate; before (Day O) and after the second dose (1 month after the second vaccination)
of ChAdOx1 vaccine in patients with AIRDs and control group

Antibody level at 1 month after Antibody Antibody
the 2nd vaccination (BAU/mL) (BAU/mL)
Group
<0.8 >0.8 <133 >133
Patients with AIRDs 1(2.90) 33 (97.10) 4 (11.76) 30 (88.24)
Control group 0 (0.00) 70 (100.00) 0 (0.00) 70 (100.00)

There was no significant difference in GMC of SARS-CoV-2 IgG antibodies between therapeutic groups
(immunosuppressive drug vs no immunosuppressive drug use) that none of the patients were receiving biological
DMARDs. In subgroup analysis, comparing between patients with prednisolone (N=17) and patients without
prednisolone (N=18), there was a significant difference between the steroid treatment group and the no-steroid
treatment group (313.77 BAU/mL [95% Cl = 98.72-997.28] vs. 1334 BAU/mL [95% Cl = 862.12-2065.1], P= 0.018)
(Supplemental Table 1).

Reactogenicity

Adverse events recorded at 7 days after ChAdOx1 vaccination are presented in Table 4. Overall, mild
adverse reactions, such as injection site reaction, fatigue, and myalgia, were found in patients with AIRDs.
Mild to moderate fever was more common in healthy controls than in patients with AIRDs at 7 days after the
first dose of ChAdOx1 vaccination (P= 0.022). Headache was more common in patients with AIRDs than in
healthy controls at 7 days after the second dose of ChAdOx1 vaccination (P= 0.011) but was of mild severity.

Table 4 Reactogenicity after the first and second vaccination in patients with AIRDs and healthy controls a
documented 7 days after the ChAdOx1 vaccination

1st Vaccination 2" Vaccination
Symptoms Control | Patients |P-value| control | Patients |P-value
group | with AIRDs group | with AIRDs
Injection Site Reaction 0.182 0.055!
No 61 (8714) | 26 (74.29) 68 (9714) | 30 (85.71)
Mild 6 (8.57) 4 (11.43) 1 (1.43) 4 (11.43)
Moderate 3 (4.29) 4 (11.43) 1(143) 1(2.86)
Severe 0 (0.00) 1(2.86) 0 (0.00) 0 (0.00)
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1%t Vaccination 2nd Vaccination
Symptoms Control | Patients |P-Value| control | Patients |P-value
group [ with AIRDs group | with AIRDs
Fever 0.022* 0.116!
No 48 (68.57) | 29 (82.86) 68 (97.14) | 31(88.57)
Mild 10 (14.29) 0 (0.00) 1(1.43) 3 (8.57)
Moderate 7 (10.00) 1(2.86) 1(1.43) 1(2.86)
Severe 5 (7.14) 5 (14.29) 0 (0.00) 0 (0.00)
Headache 0.560! 0.011
No 55 (7857) | 27 (7714) 68 (9714) | 31(88.57)
Mild 8 (11.43) 3 (8.57) 0 (0.00) 4 (11.43)
Moderate 4 (5.71) 1(2.86) 2 (0.00) 0 (0.00)
Severe 3 (4.29) 4 (11.43) 0 (0.00) 0 (0.00)
Fatigue 0.636! 0107
No 56(80.00) | 27 (77.14) 68 (97.14) | 32 (91.43)
Mild 5 (7.14) 5 (14.29) 1(143) 3 (8.57)
Moderate 7 (10.00) 2 (5.71) 1(1.43) 0 (0.00)
Severe 2 (2.86) 1(2.86) 0 (0.00) 0 (0.00)
Myalgia 0.288! 1.000!
No 52 (r4.29) | 27 (r714) 67 (95.71) | 33 (94.29)
Mild 4 (5.11) 5 (14.29) 1(1.43) 1(2.86)
Moderate 7 (10.00) 1(2.86) 1(1.43) 1(2.86)
Severe 7 (10.00) 2 (5.71) 1(143) 0 (0.00)
Nausea or Vomiting 0.139! 0.551!
No 62 (88.57) | 35 (100.00) 68 (97.14) | 35 (100.00)
Mild 5 (714) 0 (0.00) 2 (2.86) 0 (0.00)
Moderate 3 (4.29) 0 (0.00) 0 (0.00) 0 (0.00)
Severe 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)
Diarrhea 1.000! 1.000!
No 66 (94.29)| 33 (94.29) 69(98.57) | 34 (97.14)
Mild 4 (5.11) 2 (5.71) 1(1.43) 1(2.86)
Moderate 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)
Severe 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)

1Fisher’s exact test

Disease activity

Most patients have minimal or low disease activity at baseline (Table 1). The change of PGA and PhGA
scores between pre- and postvaccination at 7 days after the first dose of ChAdOx1 vaccination was
significantly lower in patients with AIRDs after vaccination (median PGA of 3.00 (2.00, 5.00) vs 2.00 (0.00,
5.00) [P=0.003] and median PhGA of 3.00 (2.00, 5.00) vs 2.00 (0.00, 3.00) [P = 0.002]). However, there was
no difference in the change of CDAI in the context of pre- and postvaccination (7 days after ChAdOx1
vaccination) (Supplemental table 2). The glucocorticoid orimmunosuppressive therapies were not modified

before or after vaccination.
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Discussion

This study showed that patients with AIRDs
had a lower humoral immune response to ChAdOx1
vaccine and tended to have lower levels of anti-SARS-
CoV-2 spike RBD antibodies and lower seroconversion
rates as compared with those in healthy controls,
although this was not significant at 1 month after
the second vaccination, probably because of the
smaller number of AIRDs patients. Our findings were
consistent with other studies with ChAdOx1 vaccine
and other COVID-19 vaccines™*,

Our study demonstrated that the GMC of SARS-
CoV-2 IgG antibodies at 3 months after the first
dose of ChAdOx1 vaccine was significantly lower in
patients with AIRDs than that in the healthy control
group. This may be because the immunogenicity of
patients with AIRDs is transient and lacks sustained
antibody responses, and their antibody levels may
diminish more rapidly than in healthy controls. This
indicates a potential risk in delaying the second
dose or having longer intervals between additional
doses of ChAdOx1 vaccine in these patients. The
antibody level postvaccination may be decreased
in patients with AIRDs depending on the vaccine
and immunosuppressive therapy' Y.

Adenovirus vectors encoding the spike protein
enter dendritic cells (DCs) at the injection site or
within lymph nodes. RNA sensors, such as Toll-like
receptor 9 (TLR9), are triggered by the adenovirus
vector vaccine. The resultant activated DCs present
antigen and co-stimulatory molecules to spike
protein-specific naive T cells, which become
activated and differentiated into effector cells to
form cytotoxic T lymphocytes or helper T cells.
T follicular helper cells help spike protein-specific
B cells to differentiate into antibody-secreting
plasma cells and promote the production of high
affinity anti-spike protein antibodies. Following
vaccination, spike protein-specific memory T cells
and B cells develop and circulate along with high
affinity SARS-CoV-2 antibodies, which together help
prevent subsequent infection with SARS-CoV-2',

Several traditional DMARDs, biologic agents, and
corticosteroids interfere with the immune response
to vaccines in many mechanisms, including the

inhibition of B cells, nucleotide synthesis in T cells,

cytokines, and intracellular signaling pathways®.
Baseline data showed low disease activity, and all
patients were receiving only conventional DMARD
therapy. No patient was receiving B cell-depleting
therapy, which is known to decrease vaccination
response. Therefore, generalizing from these data
may be inappropriate.

Antibody responses between those patients
with AIRDs on immunosuppressive drugs did not
significantly differ from those patients not taking
immunosuppressive drugs. Immunosuppressive
drug use only included conventional synthetic
DMARD therapy, without biological drugs. Because
50% of all patients were not receiving steroids,
the size of these cohorts may be why there was no
significant difference between the groups. However,
aprevious study showed that the immune response
to the polysaccharide pneumococcal vaccine may
be reduced among patients receiving 220 mg of
prednisolone per day for 22 weeks as there was a
significant difference in immune response between
the steroid treatment group receiving a median
glucocorticoid dose of 5 mg/day and the no-steroid
treatment group?.

Overall, mild adverse reactions were found in
the patients with AIRDs cohort. Our findings were
consistent with other studies™®?, The reduction
in systemic side effects, such as fever, in these
patients compared with those in the healthy control
group may indicate stronger immune reactions in
healthy individuals and that the medication taken
by patients with AIRDs may affect the incidence
of adverse reactions. However, even patients with
AIRDs displayed more severe headache after the
first vaccination than that in the healthy controls.

There was no significant evidence of disease
flares after each vaccination that was consistent
with other studies ¥% and this trended to a lower
score at 7 days after each ChAdOx1 vaccination
compared with that prevaccination may be low
disease activity at baseline, although PGA and PhGA
scores did significantly decrease postvaccination.
No patient with AIRDs needed to adjust DMARD or
glucocorticoid therapy.

The limitations of our study include its small

sample size and limited immunosuppressive
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regimens that may not apply to patients who receive biologic therapy. Therefore, generalizing from these
data might be inappropriate. Other limitations in this study included a lack of cellular immunity testing and
of neutralizing antibody testing, which are thought to represent the best correlate of protection following
vaccination. However, antibodies against the spike protein RBD have been revealed to confer neutralizing
activity against SARS-CoV-2 with an optimized cutoff.

In conclusion, patients with AIRDs tended to have lower antibody responses than healthy individuals
but this was not significant at 1 month after the second vaccination in our study. Validation of this study
using a larger sample size and a broader spectrum of disease activity is required. Almost all the patients

with AIRDs safely tolerated vaccinations without significant side effects or flares.

Supplemental Materials:
Supplement Table 1 (Table S1): Anti-SARS-CoV-2 Spike RBD antibodies against SARS-CoV-2 at 1 month

after second vaccination of ChAdOx1 vaccine comparing the largest therapeutic groups.

Geometric mean Anti-SARS-CoV-2
N (%) concentration Spike RBD P value

(95% ClI), (BAU/mL) antibodies
Treatment
On immunosuppressive drug 32 (91.43) | 65116 (322.75,1313.76) 1.07 (0.46, 2.50) 0.864
No immunosuppressive drug 3 (8.57) 606.02 (191.991912.89) Ref.
Steroid
On steroid treatment 17 (48.67) 313.77 (98.72, 997.28) 0.24 (0.07,0.77) 0.018
No steroid treatment 18 (51.43) 1334 (862.12, 2065.15) Ref.

Supplement table 2 (Table S2): Inflammatory disease activity in patients with AIRDs at the time point of
vaccination, and 7 days after ChAdOx1 vaccination.

1st vaccination P 2ndyvaccination P
Disease value value
activity DO D7 after DO D7 after
vaccination vaccination
DAS 28 ESR | 2.86 (1.81, 4.22) 3.19 (2.60, 4.00)
CDAI 750 (1.00, 14.00) | 6.00 (0.00, 13.00) | 0.123? [ 6.50 (0.50,16.50) | 6.50 (0.00, 16.50) | 0.922?
PGA 3.00 (2.00, 5.00) | 2.00 (0.00, 5.00) | 0.003? | 3.00 (1.00, 5.00) | 2.00 (0.00, 4.00) | 0.056”
PhGA 3.00 (2.00, 5.00) | 2.00 (0.00, 3.00) | 0.002? | 3.00 (0.00, 5.00) | 2.00 (0.00, 4.00) | 0.1872

2Wilcoxon signed rank test

DAS28, disease activity score 28; CDAI, Clinical Disease Activity Index; PGA, Patients Global Assessment;
PhGA, Physician Global Assessment
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Supplement table 3 (Table S$3): AIRD patients with immunosuppressive therapy

Patient Sex Age Diagnosis DMARDs/
Immunosuppressants

1 Female 61 Rheumatoid arthritis Methotrexate, Hydroxychloroquine

2 Female 73 SLE -

3 Female 65 Sjogren's syndrome Azathioprine, Hydroxychloroquine

4 Female 72 Psoriatic arthritis Methotrexate

5 Female 54 UCTD Hydroxychloroquine

6 Female 61 Sjogren's syndrome Hydroxychloroquine

7 Female 61 Rheumatoid arthritis Methotrexate, Sulfasalazine, Lefluno-
mide, Hydroxychloroquine

8 Female 61 Psoriatic arthritis Methotrexate

9 Female 62 Rheumatoid arthritis Methotrexate, Sulfasalazine

10 Female 61 Spondyloarthritis Methotrexate

1 Female 67 Rheumatoid arthritis Methotrexate

12 Female 58 Sjogren's syndrome Hydroxychloroquine

13 Female 60 Rheumatoid arthritis Hydroxychloroquine

14 Female 49 Rheumatoid arthritis Methotrexate, Sulfasalazine, Hydroxy-
chloroquine

15 Female 75 AAV Mycophenolate mofetil

16 Female 64 Rheumatoid arthritis Methotrexate

17 Female 70 Rheumatoid arthritis Methotrexate, Sulfasalazine

18 Female 62 Sjogren's syndrome Hydroxychloroquine

19 Female 57 SLE Azathioprine, Hydroxychloroquine

20 Female 69 LcSSc Methotrexate

21 Male 70 Rheumatoid arthritis Methotrexate, Sulfasalazine

22 Female 64 Rheumatoid arthritis Methotrexate, Hydroxychloroquine

23 Female 67 Rheumatoid arthritis Leflunomide

24 Female 67 AAV Mycophenolate mofetil

25 male 70 Rheumatoid arthritis Methotrexate, Sulfasalazine, Hydroxy-
chloroquine

26 Male 55 Ankylosing spondylitis Leflunomide, Sulfasalazine

27 Male 40 Rheumatoid arthritis Methotrexate

28 Female 60 Rheumatoid arthritis Methotrexate, Sulfasalazine

29 Female 59 Rheumatoid arthritis -

30 Female 51 Rheumatoid arthritis Methotrexate, Leflunomide, Hydroxy-
chloroquine
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Patient Sex Age Diagnosis DMARDs/
Immunosuppressants
31 Female 65 DcSSc Hydroxychloroquine
32 Female 61 Rheumatoid arthritis Methotrexate
33 Female 61 LcSSc Hydroxychloroquine
34 Female 59 SLE Hydroxychloroquine
35 Male 60 Sjogren's syndrome -

SLE, systemic lupus erythematosus; UCTD, undifferentiated connective tissue disease; AAV, anti-neutrophil
cytoplasmic antibody (ANCA)-associated vasculitis; LcSSc, limited cutaneous systemic sclerosis; DcSSc, diffuse
cutaneous systemic sclerosis
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Abstract

Traumatic wounds, resulting from accidents or injuries, carry a high risk of infection due to the introduction
of pathogens into the body. Therefore, effective wound care is essential to promote healing and prevent
complications. A key component of wound management is the use of antiseptic solutions, which work through
various mechanisms to curb microbial growth. This includes disrupting cell membranes, denaturing proteins,
and interfering with metabolic processes. Moreover, these solutions have broad-spectrum activity against
a wide range of microorganisms, including bacteria, fungi, and viruses.The application of antiseptic solutions
requires thoughtful consideration. This involves choosing an appropriate antiseptic, determining the optimal
concentration, and using the most effective application method. These factors are critical in ensuring optimal
efficacy and maintaining patient safety. Additionally, selection of an appropriate antiseptic should also involve
consideration of wound type, patient characteristics, and underlying medical conditions. Further research is
essential to optimize antiseptic selection, establish appropriate dosing regimens, and enhance application
techniques in wound care. By advancing wound care practices, researchers aim to enhance patient outcomes

in the field of traumatic wound management.

Keywords: Traumatic wound care, Antiseptic solutions, Microorganisms, Wound healing

Introduction

Antiseptic solutions are vital in wound care, aiding in the prevention and treatment of infections.
They work by reducing the presence of microorganisms in wounds, facilitating healing and minimizing
likelihood of complications. Different antiseptic solutions have unique properties, effectiveness, and
specific uses.

Choosing the right antiseptic solution involves considering factors such as wound type and severity,
presence of infection, and preference of healthcare provider. The selection process should be guided by
evidence-based guidelines and manufacturer instructions in addition to the patient’s overall health.

Effective wound care also requires proper cleansing technigues, such as gentle irrigation to remove
debris and promote healing. Striking the right balance between effective antimicrobial action and
safeguarding healthy tissues is crucial. Regular assessment and wound monitoring is vital to ensure an

antiseptic solution is appropriate and leads to effective outcomes in wound care management.
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What are antiseptic solutions?

Antiseptic solutions are agents used to disinfect and cleanse wounds, surfaces, and skin to prevent or
lower the risk of infection. They are an integral part of wound care, surgical procedures, and general hygiene
practices. These solutions typically contain antimicrobial agents that can kill or inhibit the growth of micro-
organisms, including bacteria, fungi, and viruses. They are available in various forms, such as liquids, gels,
sprays, and wipes'?.

Commonly used antiseptic solutions include chlorhexidine gluconate, povidone-iodine, hydrogen peroxide,
alcohol-based solutions, silver-based antiseptics and benzalkonium chloride.

Chlorhexidine gluconate:

Chlorhexidine gluconate or Chlorhexidine is a broad-spectrum antiseptic solution that effectively targets
bacteria, fungi, and select viruses. It offers prolonged residual action, reducing the risk of wound infections.
Chlorhexidine is available in the following forms: solution, gel, and foam, with varying concentrations chosen
by healthcare providers based on wound type, severity, and patient’s skin condition. It is primarily used for
preoperative skin preparation, wound cleansing, and as an irrigation solution.

Mechanism of action: Chlorhexidine functions by disrupting the cell membranes of microorganisms which
causes leakage of intracellular components, leading to cell death®.

Efficacy: Chlorhexidine’s long-lasting residual effect ensures sustained antimicrobial activity post-applica-
tion. This property makes it particularly suitable for preoperative skin preparation and wound cleansing.* Both
0.5% and 1.0% alcoholic chlorhexidine gluconate solutions have been shown to be more effective than 10%
povidone-iodine in reducing microbial colony formation associated with intravascular catheters. Additionally,
2% chlorhexidine gluconate gel demonstrated superior fungicidal activity compared to nano-silver gel *?

Indications: Chlorhexidine is frequently used for skin preparation before surgery and insertion of invasive
medical devices like catheters or central lines. It effectively reduces the risk of surgical site infections and
other healthcare-associated infections®®.

Precautions: Although generally safe and well-tolerated, chlorhexidine may cause skin irritation or allergic

reactions in some individuals. It should be used with caution in premature infants or neonates®.

Povidone-iodine:

Povidone-iodine, also referred to as Betadine, is a widely-used antiseptic solution renowned for
its broad-spectrum antimicrobial action against bacteria, viruses, and fungi. It is available in multiple forms,
including solutions, scrubs, ointments, and swabs’.

Mechanism of action: Povidone-iodine functions by releasing free iodine, which permeates the cell walls
of microorganisms and disrupts their metabolic processes, leading to cell death?.

Efficacy: Povidone-iodine demonstrates a rapid onset of action with immediate antimicrobial effects.
It is particularly effective against a broad spectrum of microorganisms, including antibiotic-resistant strains.
Povidone-iodine achieves a 33.3% greater bacterial reduction than saline and gentle soap'®.

Indications: Povidone-iodine is commonly used in wound cleansing, preoperative skin preparation, and
as an antiseptic for minor cuts, abrasions, or burns. It is also used to manage specific infections?®.

Precautions: It is important to exercise caution when using povidone-iodine in individuals with iodine
sensitivity or thyroid disorders. Some individuals may also experience skin irritation or allergic reactions'?.

Hydrogen peroxide:
Hydrogen peroxide, a gentle antiseptic solution, is effective against bacteria and some viruses. It works
by releasing oxygen upon application, causing a bubbling effect. This aids in mechanical debridement,

loosening debris and necrotic tissue. It is often used for wound cleansing, especially in wounds with
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excessive exudate or debris. However, it's important to use it cautiously as prolonged or repetitive use may
impede wound healing by damaging healthy tissues?.

Mechanism of action: When hydrogen peroxide interacts with tissues, it generates oxygen, leading to a
bubbling effect. This bubbling action helps remove debris and necrotic tissue, which promotes effective wound
cleansing?°.

Efficacy: Hydrogen peroxide is effective against bacteria and some viruses. However, its efficacy is reduced
in the presence of blood, serum, or organic matter®.

Indications: Hydrogen peroxide is primarily used for cleansing wounds, particularly those with excessive
exudate or debris. It can also be used for cleaning minor cuts, scrapes, or small wounds®.

Precautions: Prolonged or frequent use of hydrogen peroxide can potentially delay wound healing due to
potential damage to healthy tissues. It should be used carefully under the guidance of healthcare professionals’
instructionst.

Alcohol-based solutions:

Alcohol, specifically isopropyl (rubbing alcohol) or ethyl alcohol, is a prevalent antiseptic solution used
in wound cleansing. It has broad-spectrum antimicrobial properties effective against bacteria and certain
viruses. Alcohol is commonly used as a skin disinfectant prior to procedures or when applying wound dressings.
However, it's important to use it cautiously as it can cause skin dryness, irritation, and potentially delay wound
healing, especially in high concentrations or on sensitive tissues.

Mechanism of action: Alcohol denatures proteins and disrupts lipid membranes of microorganisms, leading
to their inactivation and cell death3*2,

Efficacy: Alcohol has broad-spectrum antimicrobial properties, making it effective against various bacteria,
including both gram-positive and gram-negative strains. It also demonstrates some virucidal and fungicidal
activity®?2,

Indications: Alcohol is frequently used as a skin disinfectant prior to invasive procedures, injections, or
dressing application. It is also used for sanitizing medical equipment and surfaces..

Precautions: Caution is advised when using alcohol on open wounds as it can irritate tissues and potentially
delay wound healing 3. Its quick evaporation limits its prolonged antimicrobial effect. Additionally, alcohol may
cause skin dryness or allergic reactions in some individuals.

Silver-based antiseptics:

Silver-based antiseptics, such as silver sulfadiazine or silver nitrate, are used in wound care for their
broad antimicrobial properties. They release silver ions that effectively inhibit bacterial growth and facilitate
wound healing. These antiseptics are commonly used for treating infected wounds, burns, and chronic
wounds, and are available as creams, ointments, or dressings..

Mechanism of action: Silver ions disrupt microbial cell metabolism and interfere with DNA replication,
protein synthesis, and enzyme functions. This leads to hindered microbial growth and enhanced wound
healing"*.

Efficacy: Silver-based antiseptics are effective against bacteria, fungi, and some viruses. They are
especially valuable in managing multidrug-resistant microorganisms and in preventing and treating wound
infections*.

Indications: Silver-based antiseptics are commonly used for infected wounds, burns, chronic wounds,
and wounds at risk of infection. They can be administered as creams, ointments, gels, or incorporated into
dressings®®,

Precautions: While generally safe, prolonged or excessive use of silver-based antiseptics can lead to silver

accumulation in the body, which may cause toxicity? It is important to follow healthcare professionals’
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instructions and guidelines for their use.

Benzalkonium chloride:

Benzalkonium chloride (BZK) is a quaternary ammonium compound widely used for its antiseptic and
disinfectant properties. It combines antimicrobial and detergent capabilities, making it versatile for various
applications®.

Mechanism of action: BZK works by disrupting the cell membranes of microorganisms, including bacteria,
fungi, and viruses.3 It binds to the lipid layer of the cell membranes, causing cellular content leakage of cellular
contents and ultimately leading to cell death. Additionally, BZK also denatures proteins in microorganisms,
enhancing its antimicrobial activity.

Efficacy: BZK exhibits broad-spectrum antimicrobial activity against a range of pathogens, including
gram-positive and gram-negative bacteria, some viruses, and fungi. However, the effectiveness of BZK can vary
depending on the type of microorganism and concentration of BZK used?®.

Indications: BZK is a common ingredient in numerous healthcare and consumer products, due to its
antiseptic and disinfectant properties. It is found in antiseptic wipes, hand sanitizers, topical antiseptic
solutions, and as a preservative in ophthalmic solutions, nasal sprays, and cosmetics!>'6,

Precautions: While considered safe for use, precautions should be taken to minimize the risk of skin irritation

or allergic reactions, prevent accidental ingestion, and to be aware of any residue or compatibility issues?.

Antiseptic solutions of choice

The selection of antiseptic solutions for wound care should be a meticulous process, taking into factors
such as wound type and severity, presence of infection, patient allergies, and preferences of healthcare
providers. Adherence to evidence-based guidelines manufacturer instructions, and considering the patient’s
overall condition when selecting an appropriate antiseptic solution for wound care is important. Regular
assessment and monitoring of the wound is also essential to ensure the effectiveness and tolerance of the
chosen antiseptic solution.

Choosing the right antiseptic solution for wound care involves a comprehensive evaluation of various

factors, including the wound type, severity, presence of infection, patient allergies, and overall health status.

Wound type

Acute Wounds: For clean, non-infected acute wounds, mild antiseptic solutions such as saline or sterile
water are sufficient for wound cleansing. These solutions help remove debris and promote a clean wound
environment?®,

Chronic Wounds: Chronic wounds, like pressure ulcers or diabetic foot ulcers, might need more potent
antiseptic solutions due to a higher risk of biofilm formation and ongoing infection. Silver-based antiseptics
or antimicrobial dressings are often recommended for these types of wounds®.

Burn Wounds: Burn wounds are prone to infection and require careful management. Antiseptic solutions
like silver sulfadiazine or silver nitrate are commonly used in burn care due to their antimicrobial properties

and ability to manage infection.

Presence of infection

If there is an established infection in the wound, selecting an antiseptic with broad-spectrum anti-
microbial activity is crucial®.

Bacterial Infection: Antiseptic solutions like chlorhexidine or povidone-iodine are effective against a
wide range of bacteria and can help reduce bacterial load in infected wounds®.

Fungal Infection: For wounds with fungal infections, antiseptic solutions containing antifungal properties,
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such as miconazole or clotrimazole, may be more appropriate.
Viral Infection: Some antiseptics, such as povidone-iodine, have virucidal properties and are helpful in

managing wounds with viral infections?®,

Allergies and sensitivities

It is important to consider a patient’s allergy history or sensitivities to specific antiseptic solutions. In
cases of known sensitivities, alternative, more tolerable antiseptics should be selected. A thorough patient
assessment is necessary to identify any potential allergies or adverse reactions®.

Overall health status

When selecting an antiseptic solution, a patient’s overall health status, comorbidities, and specific
wound-related factors should be considered. Consider the following:

Immuno-compromised patients: For patients with weakened immune systems, choosing an antiseptic
solution that offers broad-spectrum activity with minimal toxicity is important. Consulting with a healthcare
professional or wound specialist may be necessary.

Healing stage: The stage of the wound’s healing process also plays an important role in antiseptic
selection. In the early stages of wound healing, solutions that promote a moist wound environment, such as
hydrogels or saline, are often preferred. As the wound progresses into the granulation phase, antiseptics
that support autolytic debridement or have antimicrobial properties, such as silver-based antiseptics, may
be appropriate?.

Healthcare guidelines and recommendations
It is important to follow evidence-based guidelines and recommendations provided by healthcare
organizations or wound care associations.”? These guidelines often outline preferred antiseptic solutions

for specific wound types and provide information on their appropriate usage?.

Healthcare provider preference and experience

The familiarity and experience of healthcare provider with specific antiseptic solutions should be considered.
Providers may have preferences based on their knowledge, clinical experience, and available evidence.

When selecting an antiseptic solution, it is important to balance antimicrobial effectiveness with its
potential for toxicity or harm to healthy tissues. The frequency and duration of using the antiseptic solution
should align with the wound'’s characteristics and the recommended guidelines. Regular wound assessment
and monitoring are essential to ensure the effectiveness of the chosen antiseptic solution and its tolerance
by the patient?.

Safety and tissue compatibility

Different antiseptic solutions have varying degrees of tissue compatibility and potential toxicity. When
selecting an antiseptic, the risk-benefit ratio must be considered. Solutions such as chlorhexidine and
povidone-iodine are generally safe and well-tolerated2, but they may cause skin irritation or allergic reactions
in some individuals. Hydrogen peroxide and alcohol, while effective, should be used with caution as they may
delay wound healing and cause tissue damage if used excessively or inappropriately.

Application method
The ease of application and its compatibility with wound dressing or management strategies are crucial
considerations. Many antiseptic solutions are available in formats like spray bottles, swabs, or impregnated

dressings, facilitate easy and precise application. It's important to ensure that the chosen solution is compatible
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with the intended wound dressing or management approach?®.

Cost and availability

The cost-effectiveness and availability of antiseptic solutions should be evaluated. Advanced wound
care products, including silver-based antiseptics, may be more expensive compared to traditional antiseptic
solutions. Assessing the solution’s availability within the healthcare setting and its feasibility for long-term use,
especially for chronic wounds is essential'®.

Patient preferences and compliance

Involving the patient in the decision-making process and considering their preferences and lifestyle is vital.
Factors like the solution’s odor, potential staining, or the need for frequent dressing changes can affect patient
compliance. Providing patient education and clear instructions on how to apply the solution can enhance

adherence and improve treatment outcomes?:.

Collaboration and multidisciplinary approach

For complex cases or challenging wounds, it's beneficial to involve a multidisciplinary team comprising
wound care specialists, infection control experts, and pharmacists.?® Collaborating with these professionals
helps determine the most suitable antiseptic solution based on the patient’s specific needs and wound
characteristics.

It is essential to document the reasons for choosing an antiseptic solution in the patient’'s medical
record. Regular reassessment and monitoring of the wound’s progress, signs of infection, and the patient’s
response to the antiseptic solution are crucial. Adjustments to the choice or frequency of application may
also be required based on the wound’s response and overall clinical progress.

Remember to consider individual patient variability exists, and that what works for one patient may not
be suitable for another. Therefore, clinical judgment and ongoing evaluation are critical when selecting an

appropriate antiseptic solution for wound care.

Advances in traumatic wound care

Currently, the Bioplasma Set Technique represents a significant advancement in the field of wound
treatment caused by trauma, such as cuts, lacerations, or injuries resulting from accidents, violence, or
other external forces. This technique involves the application of autologous platelet-rich plasma (PRP)
to promote wound healing through the release of growth factors. Extensive evidence demonstrates the
promising outcomes of PRP in various types of wounds.?¢?" Although this technique may have a higher initial
cost, its benefits, such as accelerated wound healing and reduced complications, makes it cost-effective in
the long term?. When considering its use, healthcare professionals should carefully evaluate patient needs
and available evidence.

The utilization of autologous PRP within the Bioplasma Set Technique represents an innovative and
targeted approach to wound healing by harnessesing the innate regenerative capacities of the human body?.
Despite the higher initial costs associated with this technique, its ability to expedite wound healing and
minimize complications contributes to its long-term cost-effectiveness.

Mechanism of action: The Bioplasma Set Technique relies on the use of autologous platelet-rich
plasma (PRP) to facilitate wound healing. PRP is obtained through the extraction of the patient’s own blood and
subsequent isolation of the plasma, which has an abundance of growth factors and other bioactive
substances. Applying PRP directly onto the wound provides a concentrated growth factor source, initiating-
tissue repair and regeneration?.

Clinical standpoint: The Bioplasma Set Technique stands is as an innovative intervention that capitalizes
on the body’s intrinsic healing mechanisms through PRP. The growth factors in PRP drive key healing
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processes such as angiogenesis, collagen synthesis, and cell migration, thereby accelerating wound healing.
Clinical studies have shown positive results with PRP implementation in various wounds, including chronic
ulcers, burns, and surgical wounds?. Notably, this technique is linked to faster wound healing rates, reduced
infection rates, and improved tissue regeneration?°,

Cost effectiveness: Although the Bioplasma Set Technique may involve higher initial costs due to the need
for specialized equipment and process of extracting PRP from the patient’s blood, the potential benefit of
accelerated wound healing and reduced complications offset the initial expenses by mitigating the need for
additional treatments, hospitalizations, or interventions due to delayed wound healing®.

Conclusion

Traumatic wounds, from accidents, falls, or physical trauma, can vary in severity. In traumatic wound care,
antiseptic solutions play a crucial role in minimizing infection risks, facilitating wound healing, and fostering
overall patient well-being. When properly administered, these solutions have the ability to eradicate or
impede growth of bacteria, fungi, and viruses, and thus promote wound healing and minimize potential for
complications. Choosing an appropriate antiseptic solution requires careful consideration of multiple factors,
such as wound type and severity, patient’s medical history, a solution’s cytotoxicity, and any known allergies or
sensitivities. Each solution presents distinct advantages and limitations, and their choice should be guided by
evidence-based guidelines and the expertise of healthcare professionals.
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Abstract

A comprehensive geriatric assessment (CGA) during the transition from hospital to home is essential for
identifying those at risk of hospital-acquired complications and readmission to the hospital. The assessment
enables timely care planning and risk management through a multidisciplinary approach.This literature
review sought to provide empirical evidence on CGA during transitional care from hospital to home.
Literature was searched across five databases-CINAHL, PubMed, ScienceDirect, and Google
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Scholar-using the keywords “comprehensive geriatric assessment,” “discharge plan,” “older adults,”
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and “transitional care.” A total of 45 articles were
identified, of which 19 were included in the analysis
after excluding those that did not meet the
objectives or lacked full-text access. Each article
was independently reviewed and appraised by the
authors. Seventeen studies were rated as level 1
evidence, while two were rated as level 2 and level 4
evidence, respectively. The extracted data were
synthesized and presented collaboratively.
Findings indicate that there is no standardized
model for conducting comprehensive geriatric
assessment during care transitions. Institutions may
adopt or develop assessment tools tailored to
their specific context. Nevertheless, it is recom-
mended that assessments address all relevant
domains, including health problems, physical health,
mental and cognitive status, functional ability, and
environmental factors. Assessments should be
systematically scheduled from admission through
discharge and extended to follow-up at home.
Post-discharge monitoring may be conducted by
healthcare providersthrough home visits or telehealth
technologies, which can also facilitate the active
participation of patients, caregivers, and community

volunteers in the assessment process.

Keywords: Geriatric Assessment, CGA, Discharge
Plan, Older Adults, Transitional Care
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FUDLEDYN WUUUSESiuAEUALEUNWAY wazwuuUssfiudiunisuel wu anefuad anuianfes g

3. fimsUszfinaaiuenedenuuazaeuinday (Social and environmental position) Lﬁuﬁm%aﬂwﬂﬁﬁwﬁuﬁ’
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1. fineuilgyniguaiw (Medical component)

Comorbidity Index of the Cumulative
IlIness Rating Scale (CIRS-CI)

11 mMsUseiinlsasiy Level 1.c2

1.2 Mslfunausiie Level 1.a%
Level 1.c17?22425

1.3 anude Level 1.c?4%¢ Pain Assessment Scales/Tools

2. §ifidus19n18 (Physical component)
21 AnuEzedanisnaduy Level 1.a% Urinary incontinence assessment
Level 1.C17.24.26—27
Level 4.2%8
2.2 Anznauaanazlild Level 1.a%

Level 1.c?4?"

2.3 ANULELIFADAISIAALHAAATI Level 1.a% Risk of pressure sores

2.4 Yy lumsupunay Level 1.c2% Sleep disturbance

2.5 AElAYUIANS Level 1.a%% Mini Nutritional Assessment-Short
Level 1.b%° Form (MNA-SF)

Level 1.c22%%7

2.6 MsNAFR VLTIV Level 1.c”? Hand grip strength test

3. findudnlanazafileysun (Psycho/Cognitive component)
3.1 duguanda (Psychological status)
3.11 anzduLash Level 1.c1%2227 Geriatric Depression Scale (GDS-15)

Anxiet
3.12 Auinnna Level 1.c” Y

3.2 duatitlyayn uazaud (Mental status)

3.2.2 AzaupaLEny Level 1.c72225 Mini-Mental Status Exam (MMSE)

Level 4.a% Mini-Cog
LLUUUixLﬁuaﬁﬂ@mwmsiﬁmﬁuﬁu
Questionnaire Short Portable Mental
Status Questionnaire (SPMSQ)
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3.2.3 MssAAUANTDUANTDY Level 4.a% Montreal Cognitive Assessment
(MoCA)
3.2.3 MsUszifiunnzduaudsunauln Level 1.a% Delirium
ey
Level 1.c*

4. ffdrumnuaiusalunisyinniing (Functional component)
41 anuaansalunsufiRfainsdseaniu Level 1.a% Activities of Daily Living (ADL)
AUgIU

Level 1.C17'21'25'27

Level 4.2%8
4.2 auanansalunsufiafaing Level 1.a%° Instrumental Activities of Daily Living
Uszdfutiug (IADL)
Level 1.c??"
5. fiidudewIndnun (Environmental component)
51 AsaUATT LargUuUDNSRE DAY Level La% Social data and living arrangements
at home
Level 1.c¥ Barcelona version of the Gijén social-
familial evaluation scale (Barcelo-
na-SFES)

5.2 Msatuayunmedenn Anuuasinuy Level 1.c?
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2.1 MsUsEfiuguATWE§I91YDE19ATIUARNUSALTNS NS5 (Hospital Admission CGA)
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2.2 msUszdinguAn{gen8aE19AsaUAgNADUIIHIEDDN9IATsINEILIA (Pre-hospital Discharge
CGA) nangrudedszansiinisaduayuldvinaisdssfinguaingen1yn19as0UAquABUI1nEI8DaA9IA
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72-24 flasAeuaming @2 nipluiudmiyannanlsenena®©® lunemsinunszymsUsafiussezAoudmingnanan
Tsengnaiuasdszfingianszuzusnsuinsnm iulsemeuia? vemsfnwinsyssiufiseasafoaluszes
Apudmigannnalsmeiaifisiiuiayaiuguiseuifis sy endiennanalsmena?® agalsAnunng
Fmiwpananlsansuiauesftis lisunsafnuaufiuiueuld amsdsafiufiseasafoaluszuzionaiullag
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2.3 MsUszliNguA N F9D18DH19ATIUARUAANNNUNY (Post-hospital Discharge CGA) nanguielszans
fimsariuayuliThnsszduguawggeeyps19nsaUnquAsILsAndsT s apnanTseweUIana BT [Hud
Moty 24 f2lae32 48 f2Tae? 72 T2l waz 96 Halue® aufensludariusandensiming feilarafiarson
auANUINzaLnTayamsUsziiuinsfsudmigananlsmena wiosinmsiuusdaiiisweeiay 2 Ass
Tuduandonnanlsamsia’ uenniiseimsunshanuiufeauuasmsusadudma 1-2 §Uaviatesiaiis
Taganunnulumsineudiieszznasuimuannlsemennagiuiusgfuanuausalunsiudinn gy
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seazalunIsUseLiin fiaungdnnangIuLbeUssIn STAVAANFIU
WBelszdnig
seazlulseaneIuia 1 fuiisuuinsunsshm Level 4.a%
2. melu 24 fhlueusnupsnsdnsunssne Level 1.c2481
3. melu 48 HrlueusnuesMSHnSUATSAY Level 1.c26
4. melu 72 HFalususnuasmsiinsunsshm Level 1.cl72632
5. 5ufl 4 %50 5 vosMsITUATSA Level 1.c%
sEEEADNINNIDDNNATSINEILIA 1 Tudmiipannanalseweing Level 1.b%°
2. dniy ninAauiuaMgANATSINYIUA Level 1.c3
3. 24-48 l39 Aaus ML DEAATSINENLIA Level 1.223%
4. 24-72 $7Ta18 ApusmipaananlseweIUIa Level 1.c%
szpendeTnitpnmalseneia 1 aely 24 filususandedminnananlsaneiuia Level 1.c3%
2. melu 48 Salaausnndesrineaananlssweua Level 1.c%
3. ety 24-72 FalausandesiringeanaIAlsIweILa Level 1.c2
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5. maludafusanasnissirtng Level 1.c®
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Comprehensive Geriatric Assessment in Hospital-to-Home
Transitional Care for Older Patients

In-Hospital Phase Post-Hospital Phase
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Abstract

The technological transformations of the 21st century have been a driving force propelling society into
the Digital 5.0 or Society 5.0 era. This era focuses on the seamless integration of the physical and virtual
worlds with the ultimate goal of solving societal problems and improving people's lives. As the core of the
healthcare system, the nursing profession faces an urgent need to adapt effectively to this disruptive trend.
This academic article aims to analyze the role of Artificial Intelligence (Al) in nursing, covering four key dimensions:
nursing education, patient care, nursing administration, and nursing research. It seeks to debunk the misconception
that Al will replace nurses, demonstrating that Al serves as an empowering tool that reduces administrative
burdens and gives nurses more time to dedicate to patient care. Furthermore, the article delves into the
complex ethical issues associated with the application of Al and presents solutions aligned with international
standards from leading organizations. This article emphasizes the transition of nurses' roles in the digital
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age from "task implementers' to "strategic leaders"
and "ethical overseers". In conclusion, the intelligent,
ethical, and creative integration of Al technology
is the key factor that will shape the future of the
nursing profession, ensuring its sustainability while

preserving the value of compassionate care.

Keywords: Artificial Intelligence, Nursing, Digital 5.0,

Healthcare, Ethical in Al applications
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