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Abstract

Background: Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has been spreading
around the world. Therefore, efforts have been made to develop a vaccine to stimulate
neutralizing antibody responses against the virus. Plaque assay is used for the SARS-CoV-2
titration. Plaque assay is a quantitative method of measuring infectious SARS-CoV-2 by quantifying
the plaques formed in cell culture upon infection with serial dilutions of a virus specimen.
The plaque is developed from a particle of virus which infects and damages cells.

Objectives: The objective of this research was to study method validation of plaque assay for
SARS-CoV-2 titration from clinical specimen of a patient infected with SARS-CoV-2 (hCoV-19/
Thailand_59/2020 strain).

Methods: The virus was cultured and propagated, the virus-containing supernatant were
aliquoted into 700 cyo tubes, then 60 cryo tubes were randomised and taken to study by using
the plague assay. The assay has been confirmed with such parameters as accuracy, precision
(repeatability and reproducibility), robustness, and specificity. The study period started from
June 2020 to June 2021.

Results: The results showed that the difference between maximum and minimum titre values
of the virus in the accuracy study was less than 0.5 logPFU, so the assay was accurate. The
geometric mean (GM) of virus titre in the repeatability study was 5.76 logPFU (standard deviation,
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or SD, 0.05; 95% confidence interval, or 95%Cl, 5.65-5.87), and the percent coefficient of
variations (%CV) of repeatability was 0.94%. The GM of the virus titre in the reproducibility
study was 5.76 logPFU (SD, 0.18; 95%Cl, 5.40-6.12), and %CV was 3.12%. The GM of the virus
titre in the robustness study was 5.74 logPFU (SD 0.19; 95%Cl, 5.35-6.13), and %CV was 3.38.
The assay was considered to be repeatable, reproducible, and robust. The Sig (2-tailed) value
in the specificity study was 0.038 (being less than 0.05); and the number of plaques in negative
serum mixed with SARS-CoV-2 was significantly greater than in positive serum mixed with
SARS-CoV-2; thus, the specificity was good.

Conclusions: The plaque assay can be used as a standard method to test for SARS-CoV-2
and to detect neutralizing antibody responses in COVID-19 patients and animals as well as
humans after being immunised with any COVID-19 vaccines at biosafety level 3.

Keywords: method validation, plaque assay, SARS-CoV-2, COVID-19

UNAnLa
AmdAny: nmsunsszunvedlada SARS-Cov-2 vilan Fafimsideimuntadutiosiulsaiy
diensedussuugiduiusadesindny Ssdndudeddhalunsmaaoy fafunismuiinalta
Jaudedndu Inefl plague assay gnihantilunisyuinalada SARS-Cov-2 Faduinaidetiunn
Tunis¥anisfinide SARS-Cov-2 Tasn1svmuiannes plaques finesiulusadinizides Tnssh
msideathsafisyiuarudeaissing 9 plaque forming unit (PFU) fio ﬂ&jm‘aaéﬁgﬂh%’a 1 9yn1A
hane

IQUIZAIA: LDANWININTIIABUAINYNABIVRIT plaque assay Iaeyinismusanaladasn
clinical specimen 91ngUhenAndelfaladn 19 aeiug hCoV-19/Thailand_59/2020

33M539e: usuau SARS-Cov-2 Tuwadimzideaiiolilasunall3ariiudu uazvinis aliquot
47U2U 700 cryo tubes mﬂﬁ?uv‘hmi?juLﬁaﬁwmﬁﬂmaﬁm’m 60 cryo tubes 1n835 plaque assay
NIUNTIVADUANUYNADIVDNIT bUNISTw T lauA N1IRTIRdUAIINIY AUTiBs AUy
repeatability laz reproducibility AMUAIIY LaZAUTUNIZVOIID TeuzlIaANY) Tquneu 2563 -
Tnungu 2564

HaNIsANYY: WdesanuuiunuIea AN sUTInail ageaauazAgaliiiu 0.5
logPFU wandliiifiuinisiannuudy daufissiuy repeatability 19A1 geometric mean (GM)
WA 5.76 logPFU standard deviation (SD) 111U 0.05 A1 95% confidence interval (95%Cl)
WinAu 5.65-5.87 logPFU A19%CV Winfiu 0.94 waznnsanen reproducibility 1aAn GM winiu 5.76 SD
WU 0.18 95%Cl WU 5.40-6.12 logPFU %CV Wiy 3.12 F5imnumsnu lnglaan GM winiu
5.74 logPFU SD Ay 0.19 95%CI 11y 5.35-6.13 logPFU A%CV AU 3.38 uaglun1s@ne
ausng e Sig (2-tailed) Wiy 0.038 atesnin 0.05 wandlidiuinsunaldadilaann
negative serum Hawfy SARS-CoV-2 flunnnitlu positive serum wauiu SARS-CoV-2 agaditdfiy
n9adR Yavenlginizfinnusumneiia
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dqU: 9ndoyatnedudaazulainaiusetrds plaque assay uldiduisuinsgulunisnsiam
Usunaulada SARS-Cov-2 Feawiluuselevinenisinislanusuldiun1snsaa neutralizing antibody
Tupuldladn-19 saunsludaluazauilasuindulain-19 lu biosafety level 3

ANEARY: MTIIADUAINNYNFBIVBITT 5 plaque assay basd SARS-Cov-2 1a3n-19

UNin

L?‘z?ah%’a Severe Acute Respiratory
Syndrome Coronavirus 2 (SARS-CoV-2) nal
Anlsemnide lsalalsunanesiuslus (Coronavirus
disease 2019: COVID-19) v30lein-19 lnasin1s
AnmeanUsswrlunazvenslulunarsusene
lan Faeadniseunsielanusynieliidulse
szuavgfluiieudiunay w.e. 2563 osain
Shnshnideruiesnngdeiiniutuoeng
Aovios iliuaneussinanenana3fewau
grildlunmssneuagadudieldlunsiesiulse
Tdn-19 Fedimsmaduiurendolifa SARS
Cov-2 wionfunendelidauasmusinallada
Fafeuddyegrannlumsiluldlunside
WauIrdu’ uaznsvaaeumszaugiauiuly
fRndelaia 19 Wy nsnsamuTinalaia
Tuwadineidediiandnniediis (bioassay)
7fieuldlnealufe plaque assay’® uavis
50% Cell Culture Infectious Dose (CCID,)* "
Fomdedimiunsaseduliinalfaihlnin
nsiasuulatveaadiiiondn Cytopathic
Effects (CPE) feoaihunlglunismusualaa
lufrdulfaitodusougvs wu Tadullestulse
Idaupsoniau (E) dadulesiulsain Hawesdu
Ay (MMR) Sagudasiulsaluale (OPV) uag
Jadutesiulsndgndla (varicella) lusu™™
agalsfinnu esnnnismunadlsalaeis
plaque assay the Wenfiuueuninaa 50% cell
Culture Infectious Dose (CCID,) wazdalyiinesl
M513% plagque assay uldlunmsmusunalisa
SARS-CoV-2 Tuusunelne faidu nsdnwiil
3080033 plaque assay LieWawIN1IATIIMN

Usunadla¥a SARS-Cov-2 adumnadiafildiu
ilUlunmsuenh¥auazmuiunahdadaling
Tneidunsnsaiuhsaianunsowaninisie
plaque Imwﬁaaqmmaﬂa%’aﬁamLf?'?as[,wﬁdaé
wasfivsuluadiaAsshlieadmeoindu
plaque u waziusuaudy plaque forming
unit (PFU) n151i133isnaniunldiiuidunnsgiu
dmsunismuinallasa SARS-Cov-2 1 Sy
FemaraumgniesesiBiioliAnamidoliy
YoINaN1INagaeU lnevinn1sAnwlunsiines
fidfyfe Aufiss AUty AEs Y
LazANuAMLYRsTE Weldmnugnaowe isud
anduTIIng NIUINEIEERINITUING a1EnTa
Udminaluliuselevdaanisunluusuly
Tun1smusunailisa SARS-CoV-2 aneiugeng 9
Iuéams??a WAEATIAIEAU neutralizing antibody
Imeld plaque reduction neutralization test
TugfiiAnide COVID-19 saisluauuasdn sy
$afu COVID-19 funuy Famanemiieauves
Usenelngagseninamsideimuniadulunaty
sUnuulendniadunaztunltlunstesiulsn
COVID-19 Tuuszina

[ 3
MUTzEn
nsnwiiitaguszasdiiiensiaaon
AUQNABIVDITT plaque assay Lﬁa@dﬁ%
finunzanfiazialdlunsmusnala
SARS-CoV-2 #1nI58HANULANIZELAZ AN TE
iUl duisunsgrulunismusuialaga
SARS-CoV-2
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39M1539

Wun1sideBmeasddagiinisnsiadeu
AINONABIRYTS plaque assay lun1smUsun
2% SARS-Cov-2 7il#a1n clinical specimen
voaffthefiindesiuan 10 518 udrdadonun
1 frethaiimiluiusunudelfaluwad
WMAELEYS Vero a1ntuiin virus-containing
supernatant LUsld cryo tube 911U 700 cryo
tubes wazdulisa SARS-CoV-2 313U 60 cryo
tubes Wietanldlunsvaaeu Tnedniunis
WS EUTaS N A B ATLASEL reagents F1 9
ﬁﬁawﬁﬂ’ami Biosafety level 2 w93an1vu
3T0g) wagaLlun1snegeu plaque assay 7
Biosafety level 3 ¥asan1UuiTeINgIAERNS
5150080 NIInenAansnumg ldssesim
lun1sfinw 12 ey @quieu 2563 - Tquieu
2564) uarn1sANENI LA SUNsUTeITSEsIIL
N33l usywe Wil EC192/2563
sunauiniuns

1. dleldsuidelada SARS-Cov-2 aneiug
hCoV-19/Thailand_59/2020 a1naaduivg
Igmansans1sigy (eaa.) nsuIngmans
nsunme Felsenenunalulsemalneiiv clinical
specimen (nasolpharyngeal and throat swab)
mnftheiildsunsitaduitenafiadolaia-19
9ntutias clinical specimen 14 @d. #3579
Imeﬁwmsmmﬁué’uawﬁuﬁ:ﬁaEﬁ‘% whole
genome sequencmg 2 avinsuauhalu
WwaNEEET Vero ntahi@edléniius
Ta¥alumadinzdes Vero vielildusunallada
AdutuitedlUldlunisine Tnevhnisii
115% SARS-CoV-2 Tu cryo tube wu1m 2 ml
91U 700 vials (120 pl/cryo tube) T3lug
windsgmmgd -70°C lumsnunivinmsdulada
SARS-CoV-2 13t 60 cryo tubes Litavunld
Tunsvageu

2. loldsudsugsanantudainen
FNARNSNIINITNNEG (@IN.) NTUANBIANERNT
nsunnd sldannnisianzidenaingildsuns
fudfunisinio SARS-CoV-19 §1uau 10 518
1ae1438 whole genome sequencing "mmjl?u
Puuendsu pool F5usauiiu udrludi 56°C wu
30 wit ivldviaen cryo tube $1u3U 100 cryo
tubes udnAulilugurudsgamndl -20°C Lo
Ul Sugsilinauindede SARS-Cov-2
(positive serum) wazlasudsuauunf (negative
serum) 41121 20 cryo tubes A1 @, laeyi
N13dY positive serum uay negative UNANYI
D198 3 cryo tubes

3, NS AEUTARINZIAES Vero (ATCCO
CCL81) Tuvianaafnuuin 75 mI9sURLIAT
(cm?) (coming costar, USA) Tneldownsidoasad
ﬁ’lL%ﬁ]g‘U Minimum Essential Medium (MEM)
(Sigma, USA) Tneifisl L-glutamine (Gibco, USA)
1% way fetal bovine serum (FBS) (Hyclone,
Ussnaangewssng) 10% thiead Vero Ty
37°C, 5% CO, 1411a1 3-4 Fu wad LS IuIY
dufiufvanananin deanunsadluldlums
nagouaolula

a. memiawaua aﬂﬂsm Taun Y
gnluih §7alsdie Lﬂiaaamwmsuammuammu
37°C LLUUImﬂﬂﬁuauimaaﬂim@ \wosdaans dliu
AIVANGUNNT 2-8°C mmmmumammm
-20°C gutudaniunugaumgll -70°C mqmmmm
aoundl U URN1T Biosafety level 2 way
Biosafety level 3 \3nsiendenusleth

5. diusunbidaluwadinzides Tne
wnzidsamad Vero luvananadinuun 25 cm’
U 37°C, 5% CO, w 20-24 Falus viearniiu
wmomsiasuvadiaziidhSanuenldadly
\wad Vero Ul 37°C, 5% CO, w 1-2 Falaig
dielihsadndiead anduivenadonead
U103 7 ml A1 2% FBS Uit 37°C, 5% CO,
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wu 4-5 Ju Tidannnisiin CPE Aa8ndes
qanssa Wisufunnfidsseadlaglaidlaga
ntudiul¥aded cPe luwaduszana 80-
90% Iﬂams@mﬂ%%aéwmm%ﬁq wagyinnng
freeze-thaw 2-3 ﬂ%ﬂ ﬁ -70°C mﬂﬁ?wﬁuﬁw
Aoawad iluduiinnuga 500 x ¢ wiu 10 Wil
figaumgdl 4°C uafudndafiflhsalu aryo tube
137 -70°C werhunveneiusuiulurindes
waduun 175 cm” dwsulddnuisely

6. wUTualasameis Plaque assay
Tnelfuwadiniziass Vero $7uau 2 x 10°
cells/ml agluwnan 6 UGEY J7um5 3 mlwell
ﬂuﬁqmmﬁ 37°C, 5% CO, U 1 T4 139979
11468 maintenance medium 713 FBS 2%
fiszsunuidons 107 & 10 audeu Feesd
USu1ms wiae 900 pl Tuusiay tube LAY
maintenance medium U315 900 lulasans
Feazle mixture (U3u195570 1,800 ul o 1
ATAd0979) thnn tubes TUw 37°C, 5% CO,
e 1 Halus diensuszezian 1 mixtures
vosurazANIesldaslugad Vero Tuiwan
6 gy Usuinsnauag 0.2 ml/well ldadu
Forsaratation 2-3 gy ntuthinam 6 vau
Uil 37°C, 5% CO, w1 lag vhns rocking
N 15 W17 aundnazasuiian 1 42l 9t
BueMSIABIeasTia 1.2% methylcellulose
Usu1as 3 ml/well (N5u9383 1.2% methy
cellulose ¥lélaeds methylcellulose 12 n3u
Taluvinvuin 1,000 ml war1inld autoclave
NTARY MEM 1331919 1,000 ml wauligniu
nelagaumgil 2-8°C fe magnetic stirrer el
YA AN 10% FBS 1% L-glutamine wag 1%
pen-strep nanldnm) diwanluuud 37°C,
5% CO, U 6 YU lonsuiivun ¥inng fix
\wade 10% formaldehyde Usims 3 ml/well
uw 15-30 Wil Erseendnethilan wavdenwad
A28 0.5% crystal violet Tu PBS (-) pH 7.2-7.4
Usums 0.5 ml/well Uy 15-30 U1 mﬂﬁ?u

Sddauiueentimndaetiuua dulinanutis
waaTRInfildgnldmhansasindi@udy
wileulwadauny daimadfignvinaneselda
awtuugaremedunidond plague 9ni
Hudwau plaque uu light box tlumuam
Usinailidalugy loglo PFU/mL gsfl acceptance
criteria #1a# (1) mnndorusazsesuiildly
NNIVAFBUABIATOUAGUNITAA plaques T
3¥M319 10-200 plaques siavayl (2) 91U
plaques TunsazAAuTaeda %CV iy
40% (3) wauaruaNAedliiin plaques’” waz
(4) A1 min-max vaUsIadla5a SARS-CoV-2
lot. No. 05/05/2020 agluyas 4.46-7.32 log
PFU/mL

fMunamUsnnahsannaiaieves
$1uu plaque TiiinTuveusdazauFoans’
PFU/ml =

(average number of plaques per well) x (dilution factor)

Volume of inoculum per well

7. ATINABUANNYNABIVDIT Lagvin
MINAROUAINILTIBY ALY AINHIAINY Wae
A zvedis Y feil

N15FNYIAIIUTIEIY8ITS (precision)
TagvinsAnelu 2 Ws1dlnesAe repeatability
(within-day variation %38 intra-assay variation)
way reproducibility n15An®" repeatability
MlaptinAsizdt 1 AW vinsagaumUsanm
11%41ne38 plaque assay $1uau 6 Ads T
daszranuluiufeiiu lagldseAunuionns
7101210 (Audean9ay 900 ul) wauy
maintenance medium U373 900 pl S1waziden
Bmmaseusuissylilurdensmuiinu
Th¥alae5 Plaque assay wag 2) reproducibility
in1svegeulaginiiAseyt 2 AU AUEY 6 YA
msvageuiudasedefumauiu meanade
15919 (Geometric Mean, G.M.) Andsauy
1M5§7U (Standard Deviation, SD) kagn %CV
Tne %CV fosilAn <25%
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NITNAFOUAIIULIYDIE (accuracy)
Wesnliflansinasguannanidm Seihnisine
mnuuiulneFonsduauunafilifinde SARS-
Cov-2'¢ (negative serum control) i 1:100,
1:200, 1:400 waz 1:800 (900 ul Tuumazau
139919) MUANU WaINIRNENAY SARS-CoV-2
UF11915 900 pl (Wola%¥a SARS-CoV-2 fisvsiu
AMLTD79 1077 USuns 900 pl) aslunsay
ANV negative serum control 1]
mixtures YeLAarALLE0919 WauRath
negative serum control Wag positive serum
control‘17'll 1:100, 1:200, 1:400 Wag 1:800
Usu1ms 900 pl TulmagA1uLd0919 Nauiu
omsiasaead Usinas 900 ul Taevinsvedeu
3 51 11138 Plaque assay §3P0LT0919984
12%a7 10> wauiu maintenance medium I
mixture (virus control) vil¥An plaques e
agflumae 10-200 plaques/nas Faanansaifule
faennUan 1iese1n3E plaque assay viu
bioassay @4 variation g Fafunsfimuntg
n34in plaques fina feindmnumnzaudiag
anlddunusidgwsunmseunasmusinala
1n873%5 plaque assay A1 min-max YoIUTUNE
Ta¥alumsfiwodialiemsiiu 0.5 PFU/mL

MISNAFOUATINAIUYITS (robustness)
MSANYIANNAINUVBIIDS TuMslanIsnaau
Fdedeluanneiifinswasuulasiidslaly
Antu Tnenismusunala3aniuds plaque
assay‘ﬁ incubation period Y84 mixture Way
absorption period T¥geiIan 1 Flas ¥inns
NAFU 3 MINAFRU wazdinsiUdsu incubation
period U89 mixture WLy absorption period
W 1.10 $9lue Tnevinisvegeu 3 msvedeu
YransadeuLTnssRnaLeds Andeauy
1A5§1U (SD) uazonavduUseAvimuuUsUIy
(%CV) Ine %CV faaiiAn <25%"

MIANYIAIINTUNIEYONT5 (specificity)
NMSANYIANIUNZYDIID/ANUAIUNTOVDIID

Tunsuenemuuanewesasidesnsin Tngth
positive serum control a8z negative serum
control mmaauﬁ’m%a SARS-CoV-2 %"w’%mm
12%afiléann negative serum control waufu
SARS-CoV-2 Apediinnni positive serum Wiy
SARS-CoV-2 Uaranunsnglaaind1uiu plaques
fianasy positive serum control NaufyU SARS-
CoV-2 Lﬁjal,ﬂsmﬁ'u negative serum control
NeffU SARS-CoV-2 wazitalasa SARS-CoV-2
Haufu maintenance medium dudu positive
virus control (41An plague Laﬁ"aag”lmm 10-200
plaque/viau"’) nansnadeufosuandlfiuin
USunallh¥aiildann positive serum control
NEUAU SARS-CoV-2 ay negative serum control
NEU SARS-CoV-2 dlauumnsinsee ity
N9edia J9olaanIsaANUT Y
N1357UTUTaYA

sygvhmAluMIAnwLaEIIUT DY
12 \fiou (Wquieu 2563 - fguieu 2564) 1ng
HVAFEUTINNNTATINEOUAIINYNABIYDY plaque
assay aumsimesiidualy toun anuiies
ALY ATUASNIU LAZAINTUNIZUDIID
nsAATIEvidaya

1. FNMAMITIES ALY AN
AIVIU LATANTNINZVOITD Ingldadidanssain
1A GM SD %CV 95%Cl way T-test

2. noseensuls (acceptance criteria)
laun

- Usunasladaeglutag mean=3SD
(4.46-7.32 logPFU/ml)

- auisuesds (precision) %CV
fo9liAn <25%

- AL UVBIIT (accuracy) A1
min-max sasUsinallidalumnsfine s ldiu
0.5 PFU/ml

- A1NUAINUTDNID (robustness)
%CV fodiiAT <25%

- AU NWILVDIID (specificity)
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\WisuifeuUSunalafadilaann positive serum
control kag negative serum control finauiiu
SARS-CoV-2 Apsdianuuananeae1editedfgy
NEDH

NANTSANEN
1. Msiin plaque wazn1sAuIaUsalaSE
SARS-CoV-2 1a#3% plaque assay

n3in plaques luwadinzides Vero
vdBadela¥a SARS-CoV-2 U 6 Yu mends
fix A8 10% formaldehyde uagdouiuaanae
0.5% crystal violet Vinlsilugadngaeanain
waveghadiulddnan Jsaunsosunalasoe
adan lisaazyianeiad lnednuiu plaques
Hulumuenundosvesh$arianas nieuss
Lanaad Vero AauAy filiiAn plaque A

doedegui 1 (hfagnidonsiaudanuidudy
107 fis 10° (Sesdwunmanndrefieunvanile
mudInv)) lneiwadaiuauung (cell control)
LA plaques antuilumuamusuna
h¥anunieaaregnaios 2 vau mnaAads
2939113 plaque Uaend1 10 3983031 200
plaques aglihiunduana 1h¥ad 107, 107
wag 10” vhanewadaulslanunsaifu plague Ia
Tnganunsaduld 10, 10° wag 10° mudndu
agnslsfinu esminAnadevessiun plaque
7 10° Wounin 10 plaques 3slaithunduan
Fahsmau plaque voshsafissiuanuionns
10° waz 10° o Tnedauadewinfu 41.5
(37, 46) waz 11.5 (12, 11) FediuTuna SARS-
CoV-2 iU 6.54 log, PFU/ml famanadt 1

35U 1 n15ifin plaque N5eAUANIIIDIA 9 Uag cell control

A1519% 1 N15iia plaques wazn1sAwaUsunalIsa SARS-CoV-2

Dilution Well 1 Well 2 G.M. SD cv PFU/mL Log PFU/ml

*101 Talanunsnifu Talanunsnifu - - - - -
plaque & plaque ¢

*102 Tldlanansardu lalanansariu - - - - -
plaque 1§t plaque 1@

*10 >200 >200 - - - - -

10 37 46 415 4.5 10.8 2075000.00 -

107 12 11 115 0.5 4.3 5750000.00 -

*10°¢ 7 2 4.5 3.5 78.6 - -

- - - - - GM 3454164.15 6.54

wlpeanlaiidulumu acceptance criteria 3elsithduqu plaque uAuIMIUTINlITE
291579 ethduau plague v8s 107 wag 10° Awnasinal§alaviadu 6.54 log,pfu/ml.

2. NSANYIANNTNEIVBIIS (Precision)
NANSNAEOU repeatability wuila
ANLRALLSYIANR (Geometric Mean: G.M.) 1WAy

16

5.76 log,,PFU/ml ﬁhLﬁmwummgm (SD)
WA 0.05 AN %CV AU 0.94% AIR1S199 2
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NANIINAADY reproducibility Wua1 A1 G.M.
Wiy 5.76 log, PFU/ml Adeaiuuannsgiu
(Standard Deviation, SD) 111U 0.18 A1 %CV
Wiy 3.12% laedangagaminiu 6.08 log,,
PFU/ml LLawiwi"']qmﬁ’]ﬁU 5.47 log,,PFU/ml
Fan31991 3 ndoyadnediu wandiiiuing
AMUWUTUIIUVBINANITVAFRUL DY T5UAIN
\figansed

M99 2 HANIINAEDU repeatability

ANTNAdaU 31uulasa SARS-CoV-2

1 567

2 574

3 583

4 574

5 577

6 582
GM.S 5.76
sp” 0.05

G.M.+25D/95%CI" 5.65-5.87

%CV’ 0.94

' = a . b &
“Anadelsviadn (Geometric mean: G.M.) “Andeauuninsg i (SD)
“spnudeiusEsiu 95% (95% confidence interval/95%Cl) wag
da s o a £

AnUesidufduUszansanuwUsUTIU (%CV)

3. NSNAFIUANNLAIUYBEIS (accuracy)
HANISTNAADUANLLLUTISZRUAIY

19999AN 9 VOITTUAUUNA (negative serum)

FunnauiubhSaiissiuanuiens 10°°

a ' aal
M990 4 ANULNUYDIIT (accuracy)

M99 3 WAN1TVAERU reproducibility

UnAs1ed nasmedeu  31uauliSa SARS-CoV-2

—_

5.58
5.47
; 5.67
AUN 1 577
6
6.08
5.76
5.89
5.86

59

O 0 N o L RAWN

AUN 2

SN
- O

5.98

—
N

6.01

G.M.
SD
G.M.+£25D/95%Cl

5.76
0.18
5.40-6.12

%CV 3.12

Tivsunadasaliunnsneiu uazlamlnaiAesiu
Vinallaadl 10 wawifu maintenance medium
geldidulasaniuau (virus control) Feuanay
Ta3afiléidgsaaiinfiu 5.65 log,, PFU/mL uaz
AANgALINAY 5.43 log,, PFU/mI GeAnaan
uanedlaliiu 0.5 log,, WonaNiT5u negative
wag positive lilfinasanisianeiwad tude
n3alinu plaque willoufiunauuasgadaAIuAy
Fa915197 4 wandliiuin s Tauuly

ZAUAINNLIBING d1uaula¥a SARS-COV-2 (log,, PFU/mU) luusazaniaz (n=3)
Y995 swsasLTas FFunaau FZunaau FFunauan
+'12%8 (SARS-Cov-2)  + 12%d (SARS-Cov-2)  +amnsiasaiwad +omsiRB IR
= virus control
1 2 3 1 2 3 1 2 3 1 2 3
1:100 552 548 547 543 553 549 N.D. N.D. N.D. N.D. N.D. N.D.
1:200 553 551 5.6 559 560 5.60 N.D. N.D. N.D. N.D. N.D. N.D.
1:400 545 558 543 550 565 548 N.D. N.D. N.D. N.D. N.D. N.D.
1:800 548 547 549 549 557 554 N.D. N.D. N.D. N.D. N.D. N.D.
N.D. = Liusng plaque
MIEToMITUaze) U7 28 atufl 3: Aueieu - Suaiau 2564 17



4. NMISNAFBUANNAINUYDEIS (Robustness)
HANVAAOU Robustness Wuin wiedl
M3USuEsY incubation period W&y adsorption
time T plaque assay i 1 3l 18w 1.10
e IgAeasisunde (Geometric Mean,
G.M.) Winffu 5.74 log,,PFU/ml Andesiuu
1IM3§1U (Standard Deviation, SD) Wiy 0.19
A1 %CV iU 3.38% Farn %CV Toandn 25%
dlefin1susuideu incubation period wax
adsorption time Tu plaque assay 1LY
1 309 10w 1.10 alue ldfinansenusona
MSVRERU K397l 5 wansliiiuiisdinay
aamulunislinansvegeudiundede
5. NSANYIAUINNIZUDIIS (Specificity)
NANISNAFBUAIUIUNIY I1NATT
IpTzideyanisatinlagly T-test wud1 Ysuna
125 SARS-CoV-2 911 negative serum WaNiy
SARS-CoV-2 13Ul uiiu positive serum
NENAU SARS-CoV-2 WU71 HANNULANAINDEN

o o aaa

fdedAgymsedanszauauToiu 95% 1ny

A1519% 5 HANISNAFBUAINUAINUVDIID

(robustness)
Condition msnesau  Usunaulasa SARS-Cov-2
(log PFU/mU)

1 hr for incubation 1 5.75

period&adsorption 2 5.47

3 5.59

1.10 hrs for incubation 1 5.74

period&adsorption 2 59

3 6.00

G.M. 5.74

SD 0.19

G.M.£25D/95%Cl 5.35-6.13
%CV 3.38

Sig (2-tailed) = 0.038 FeUFunala¥aiilaan
negative serum Waxfiu SARS-CoV-2 fiannan
Ty positive WawfU SARS-CoV-2 Fanansausd
g3 ilenay positive serum ffu SARS-CoV-2
Mlsanunsnanusualisa SARS-CoV-2 adla
Fam31991 6 andoyainsiunandliiiiugnis
HpuTnng

P =~ o aa . .
M9 6 NANITANWIAINUINNIZVBIND (speaﬁoty)

U3uaila¥a SARS-COV-2 (log,, PFU/mU) Tuudazaniag

T2AUAUTDAN omnsiRsYad F2AUANMUTDANG FuAuund 32AUA2IUTDAN Fuftandnde
V89993 + SARS-Cov-2 vasdTuALUNG (negative serum) vesdugUaeRalie SARS-CoV-2
GENURE] = virus control + SARS-CoV-2 SARS-CoV-2 (positive serum)

+ SARS-CoV-2
- 5.52 1:100 543 1:200 3.69
- 553 1:200 559 1:400 4.09
- 5.45 1:400 5.50 1:800 4.58
- 5.48 1:800 5.49 1:1600 5.16
Geomean 5.49 - 5.50 - 4.35
=
anUIena

nsAnwadewinnsneaeuluies
TflsfuszaunnuUaensy 3 (Biosafety Level 3)
iesannlada SARS-Cov-2 Wuiderelsalviuay
Aansandoldie ilAanssyusluilan
ylsAfedesanildyndosiunmsuidonde

38n11 Personal Protective Equipment (PPE)
LazLAIee Powered Air Purifying respirator
(PAPR) masnasgiun1saslaignaes Tnedes
UfiRfmetaassniatunsldviesufiRnsfivay
o v & = o v &

ianuiuluay e liliwensyaigeenain
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Vol uRnis wazhujuRauliaunsaiieny
TuosnuiuaUuIAY 3-6 Halus szaz
danamaan ng1an1evinliseneeeunde
ogdlsinunsnaassiidunsaneludesdu
diegindelasa SARS-Cov-2 annsoinidaly
wadinzdsazin plaque Tuwadinnzdes
Vero vl iwadimnzides Vero fidnvae
sUsunasduasfuvdsudntios annsadedd
Tngliisin Wesmnfusadinzdosedes
(continuous cell line) aslulaudifaunfily
NnRY FumsAneizssiansldwadlinu
20 passages L‘WIE]M‘U@@JﬂWiLUSEJuLLUaGGUENL‘Uaa‘
Feonvdwmanenulivensad Vero seolasa
SARS-CoV-2 waranlonianisiinnisduileu
Mnidogaunis’! Tnsaneidosslanaaundi
annsananumsduitoulusadlinaeanan
Foifu Fefin1smunuAmnInIBUTAT Vero
UBNAINNITATNUA passage NTIFIULAY Tadl
nsnsaedeumnsUuideusilananauluwad

2021 ans@Enwdlelwas

Vero Aoutanlganu
Vero Anitialada SARS-Cov-2 hhiaasvhaneiead
uAnduresing (plague) luiud 6 Fsanunse
UL plaque taztduIAUIANIUTUN
1h%a SARS-Cov-2 I¢f Gamisimnamuzinallasa
SARS-CoV-2 1ae/i5 plaque assay the &wmnld
mdoaas 2 vy wadlldiauuidede
fopnd 3 viqu Fedu lumsmuiinallasansld
og19tfor 3 vausaAUToIe Lilelvideya
flautdedonadfiunty uenaniuay
\loa91ndslaifl International reference standard
finsuennmsgiu Fuhnmsdnulunniines
accuracy Tnensiseandsuvesnuitldfnge
SARS-CoV-2 fiszfuannuiioanssne 9% unu
n1514 international reference standard
pe14l5Anu TusurAnmIndl International
reference standard msiims@nwlumsdines
accuracy Wi Lilelvideyanisdnuniiaaiy

Uidedenndtu ludwosmsimunsiuu
olaque wanzantiu luunamsanwiimsimug
Anadevesduan plague 137 40-120 plagues/
vgu" wiegslsfimanilesain plaque assay \Wu
bloassay szmzummLLUsUi’gmmmamswmaaum
ety miﬂﬂmmmqmmmmLaawaammu
plaques wmmzamag‘m 10-200 plaques

Falgannmsnaaeumusinallifa SARS-Cov-2
$1uu 34 ¢ 1ag mean+3SD (Fiade +3 Whves
dudeauunesgm) Ao 4.46-7.32 logPFU/ml
waziilesnnis plaque assay Hu bioassay
AsmruRALadsreIsIuIL plaque RYGH
ety axshldanrantsmegoufilddulumy

acceptance criteria

dguna
INVBUYARANITATIADUAIAUYNADY
Y8939 plaque assay tun1smusunadlasa SARS-
CoV-2 Tuwadmnzides Vero Wuinis inuLiies
ALY BATIAIUAINUVDIID taeTiAn %CV
fiNNI1 25% LLaxﬁﬂ%mwmia%’aagiuﬁiaa mean+3SD
YNINNUIDTINANUT N IARANITNAFBU
a1 oA A Y v U = A Y1 ax
MunFedold aetu J9i9laan?s plaque assay
a a ° Y 2 aa
fanumngaunsi Wl duisnnsgiulunis
A52991USuNlSA SARS-CoV-2 waganunse
Jndelisansnailulelunisnsiraniseau
neutralizing antibody responses lupufnie
1A30-19 SansnsasIaseaugiauiuludn/
AuNbASUTATU COVID-19 dunuululseine
UNCIATU COVID-19 91nAN9UTENANILILNUD
X
Yuneeuludsemealne
aa
NRNTIUUTENA
YoUANENNUIIT NG man s TuaY
NIUANEIFNEANTNITWNNEG AARIUDWATIEN
1254 SARS-CoV-2 aneiiug hCoV-19/Thailand/
47/2020 Alglunisanwlunsll
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Abstract

Background: Diphtheria and Tetanus are able to prevent as a combined vaccine that containing
Diphtheria Toxoid (DT) and Tetanus Toxoid (TT) that are adsorbed on aluminum gel to boost
the immune response. Therefore, the adsorption level of toxoids must be controlled according
to the product specifications in order to ensure vaccine quality. The determination of degree
adsorption of DT and TT in the combined vaccine was conducted by a Sandwich Enzyme-
linked Immunosorbent Assay (ELISA) technique which was performed to be used as an
analytical method.

Objectives: To be used as the determination of degree adsorption of Diphtheria Toxoid and
Tetanus Toxoid in combined vaccine.

Methods: Validation method study of analyzing the adsorption level of DT and TT in combined
vaccines by using Sandwich ELISA technique in parameters of accuracy, precision, robustness,
specificity, linearity, Limits of Quantification (LOQ), and range.

Results: The results showed that the accuracy, precision, and robustness met the acceptance
criteria. The specificity result of the method was compliance with the standard. The linearity
yielded the correlation coefficient (r) greater than 0.99. The LOQ ranged from 1.72 to 880
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mLf/mL for DT and 0.07 to 550 mLf/mL for TT. The range of DT concentrations was between
3.44 and 110 mLf/mL, while the range of TT concentrations was between 1.08 and 34.50
mLf/mL.

Conclusions: This assay was appropriate to be adopted as a nation standard method. The
average adsorption degree of DT and TT from four lots of vaccines manufactured in 2019-2020
were more than 90%, and in accordance with product specifications.

Keywords: degree adsorption, diphtheria toxoid, tetanus toxoid, sandwich ELISA

UNANED
arwdfty: Tsanefunazuiangdnannsadesiuiieadusuiiifienvessdifensiiu (Diphtheria
Toxoid: DT) wagftenwesdidourangén (Tetanus Toxoid: TT) iussAUsznavazgnaaduuy
ogfidlouen duimhiladunsnseduniduiu Sefestimsmunusziunsgedulildmadeivun

URTFIUVRIIATY LINBN1TAIUANAA N

[

Tnguszasa: eldduiBnnaleseiszrunsgaduresiientesdidensfiu uasienvaudiie
viangdn Tuindusiu

B33 Anwirrugnieswediiasizisziunisaadurafionyesnitenefiu wasviontoasnie

o o v a . a s ' a
uanednluindusiuniginalin Sandwich ELISA Tun1513003 AIMULLL ATUTIEY AUV
Arudiwz anududunse Indrinmaauazgean wasiide

HANISANYY: AIATINLAIY ATIENLAZANTILYREID shunsinIaaey Sanudumg uay
aududunsaves DT waz TT fiandudseavsanduiud () 11nndn 0.99 wu DT fdadriadae
wazgagn (Limits of Quantification: LOQ) Wiy 1.72 uag 880 mLf (Limit of Flocculation)/mL
YasAfidoogseing 3.44-110 mLf/mL vaszfien LOQ ¥9amsn$3a TT Wiy 0.07 uag 550 mif/mL
PIANNAEDETEWIN 1.08-34.50 mLF/mL

agU: Bnsesiessissdunsgadutesfiensesdidonsiiu wasuiamednlutadusam fe
sandwich ELISA flimnagnieamsnzaniithunldifuisumsguvessana Wethunddunismse
AATITEAUNTYATUTDY DT uag TT Medreintusiuaeiu vianzdnlul w.e. 2562 uag 2563
FIWIWIY 4 JuNHER nudndiszaunisgaduves DT war TT wnnindesas 90 ulumuderivun
UMTFIUVBINERS T

o o w [y o @ 3 d’f al @ s d,‘, o .
AFIAEY: IEAUNTINAYU VIBNTBYALYDABAU VIBNTBYALYBUINNZYN Sandwich ELISA
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unin

Tsarefiu (diphtheria) Wulsafiinain
Andouuniise Corynebacterium diphtheria
TngnismglaletazesseniAanguievsor
fidunmgroade faedormsindolumadiu
weladuy Tldmnduguusaziionisivee
Aamsnhmeventedifeyfiuaniadeluuing
finmgeiduuuding (pseudo membrane)
finovesdaragatummmelauasstlfiAneins
lovdesios dalsauianzdn (tetanus) Tinan
Wowuaiiie Clostridium tetani Wgsrenneg
eunuNaidudatude dauludnusniin
suinannsdnaneazieiildazoinuwazansan
laifinfduifudeasfivieado laefudeazaig
sty tetanus toxin Sudinisvhauvesad
dudsvamdndane viliAnsumnveand i
Tnefonsunssinsuds s1unldle dreuds’
FelsARndennaeiuLasuaySnannsatioaty
A InTU

Yrdumafuwarurangdniduindy
\FemeUszneusieiionvessanitenafivuas
flonwosdanilonianzdn fevgiidemaady
answasugy’ (adjuvant) Wuiadusiutetu
Tsarefiv-uanedn (dT, DT) wassiuindusu
Toun Tadusmdesiulsameu-uiangdn-lonsu
(DTP) Tnfusanmefv-uiangdn-lonsu-audniaud
(DTP-HB) wazindusiumeiu-unanzdn-lensu-
h¥adusnaud wandodlufiqa Sungioud
¥ind (DTP-HB-Hib) Tne DTP (Jufaduildlu
wHuuaTEsuiiquiulsavesUseinalneg
Faustd e, 2520 wazthiady dT Whaldisle
Uw.a 2525 [iitoasaaduniduiulgugd uas
Wiensnsedugiifufumd s Iaduanuds’
Tnesnduiashlulddoddsunstunsdousntu
WAHIUNTTUIUNITIUTOITUAITNANNBUNNT
uhgluriomain

Yadusuiisl diphtheria uag tetanus
1N1IAIVANANAINAIUAINLTY AUUaaAAY

warAuauTANIaaluasiand JaTuudayiu
fodlasunsnTIRdeUAmNII UsednSainyniu
N1IWAR NIATIVIATIZNTEAUNTAATUDS
fenweesitonsiiu (Diphtheria Toxoid: DT) waw
fanwoudilounangdn (Tetanus Toxoid: TT)
Tutpgusiudewaia Sandwich ELISA 1Hu38
Aldmuauaunm anuaianeves AU
diphtheria Wag tetanus [WussAuszneu

% [ 3
MUIveasn

1. \flemsr9aeumnugnieuesitnga
Anneisgdunisgaduresiiontesdidenafiu
uawitengesiifeunanssluindurumomaia
Sandwich ELISA

2. vielfiduitunsgilumnsvaey
AMAN Useandaw UsgneunstungiDouen
waznaun1sI M Induusaz Iy

52 08U3TN1538
/N5

N1TIATINTEAUNIAAGY (degree
of adsorption) 98¢ DT way TT ludadu 1Ju
NTIATIENTEAUNIIAATUTDILBUAUIUANS
w@3ugvd (adjuvant) Tnedwnduaidesas
nsgeduvekeuAluluindusEnIuouRlaY
fan (total antigen) kazuaufiauiilignandy
ﬁaamsm‘%mqw‘é (non-adsorbed antigen) lag
ATAATIZAUSUNU total antigen HNfIDE1s
$adusn desorb 1leliueudiaugnuenoonan
adjuvant A18/@15 desorption solution @u
N153LA18AUTUL non-adsorbed antigen
aglaifinsiAu desorption solution aslusiaeng
$adu lelvinsuieudiaudiligngadusie
adjuvant zvasvidesgludiegneinduluyiinu
wndesiiiedla

ydsnturhmsiengiUinaueufio
¢1e38 Sandwich ELISA Gsendeufizennisdu
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DY NTUNIZVOILDURALIUFDLIUAUDR In8LAY
coating antibody (mouse monoclonal antibody
to diphtheria toxin or Mouse monoclonal
antibody to tetanus toxin) fisnAewaRL
\ndeuegiifuvay udiiusetisiaduiifesns
nagevadlumaniiadonl’y dwinduiia
detection antibody (rabbit polyclonal antibody
to diphtheria toxin or rabbit polyclonal
antibody to tetanus toxin) wagldn15ns39
AnenuUfA3e98 secondary antibody (goat
polyclonal secondary antibody to Rabbit IsG
(H+L) HRP conjugated) ¥nfI9819lLoURALIY
fidosn1snaaeu ey substrate solution,
Tetramethylbenzidine (TMB) U& TMB aggneoy
sreoules] HRP ziinansainidy waziia stop
solution (1N HCU) titevignufiisen daazvinlyt
ansihtudendudivies dunannedeu
lUnFnnsgandunasdinaugnnadudl 450 nm
(ODysp ,,y) P8TUTUNTY Tecan, Magellan U3
\A384 ELISA reader
A13LANLATEITUINTFIU

a1s.adl: AR grade, Sodium chloride
(NaCl), Potassium chloride (KCL), Sodium
hydrogen phosphate (Na,HPO,+2H,0), Potas-
sium hydrogen phosphate (KH,PO,), Sodium
carbonate (Na,CO,), Sodium hydrogen
carbonate (NaHCO,), Tri-sodium citrate
(Na,C¢HsO,) Tween 20, Hydrochloric acid (HCU)
37%, Bovine Serum Albumin (BSA) (Cat. No.
A3059, Sigma Aldrich), Mouse monoclonal
antibody to Diphtheria toxin (Cat. No. Ab51882,
Abcam), Rabbit polyclonal antibody to
Diphtheria toxin (Cat. No. Ab53828, Abcam),
Goat polyclonal secondary antibody to Rabbit
IgG (H+L) HRP conjugated (Cat. No. Ab6721,
Abcam), SureBlue Reserve ™ (Cat. No. 5120-
0080, TMB Microwell Peroxidase Substrate
1-component, KPL), WHO International

Standard 2" International Standard for
Diphtheria Toxoid (Code: 02/176, NIBSC)
e WHO International standard for Tetanus
Toxoid (NIBSC Code: 04/150, NIBSC)
NSLAILNEATS

#1501A35 U

#1901m9574 WHO International
Standard 2" International Standard for
Diphtheria Toxoid (Code: 02/176, NIBSC)
Mn15130919M L0 6 AuLNTURY diluent
buffer auAALTUTUT 3.4, 6.88, 13.75,
27.50, 55.00 uag 110.00 mLf/mL Wislddmsu
Junsanssgulunsewnnaueusiau
DT lushegnaiadu luvngiiansumsgiu WHO
International standard for Tetanus Toxoid
(NIBSC Code: 04/150, NIBSC) %1n15.39919
1% 6 pududusae diluent buffer daus
ananduduil 1.08, 2.16, 4.31, 8.63, 17.25 wa
34.50 mLf/mL wlglddmiudunsvuasg
TunsAmuiumUsunaneudau TT Tudleens
TAdu

Coating buffer (pH 9.6)

%1 Na,CO, dhwiin 1.59 . uay NaHCO,
Ywiin 2.93 ¢ azanedae high-purity water
UsN1m5 800 mL Usu pH 1%daA1 9.6 Ay IN
NaOH %38 20% HCl ua234t@u high-purity
water TAsuUsums 1,000 mL

Phosphate buffer saline (10X PBS)
pH 7.4

&3 NaCl vwiin 80 g., KCl i 2 g,
Na,HPO,+2H,0 twtin 14.4 ., KH,PO, tuin
2.4 g. a¥anuaaY High-Purity water Usunmg
800 mL U5u pH T9la 7.4 ¢e 1IN NaOH %39
20% HCl a3y High-Purity water Tasu
U395 1000 mL

Washing buffer (Phosphate buffer
saline with the detergent tween 20: (PBST))

Ney 10X PBS U3u1ms 200 mL A
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Tween 20 Usu1as 1 mL Tuwaaudalidanu
Nty High-Purity water T#asuUsunng
2000 mL

Blocking buffer (3% w/v of BSA
in PBST)

1 BSA thnhh 3 ¢, udnhlasanedne
PBST U3u1m35 90 mL Tu volumetric flask au
BSA avangvun 91ntud PBST Tasutiinms
100 mL

Diluent buffer (0.3% v/v of BSA
in PBST)

W&l Blocking buffer (3% w/v of BSA
in PBST) USu1915 100 mL AU PBST USuns
900 mL Tuaauilianiu

Rabbit-anti-mouse IgG HRP conjugate

139914 Rabbit-anti-mouse I1gG HRP
conjugate g PBST Tugnsidau 1: 20000

1N HCL

W&y HCL 37% USu1ms 20.73 mL Ay
High-Purity water U3unau 229.27 mL Turiaum
T
NITAILUADEIIATU

Tetanus toxoid, reduced diphtheria
toxoid and recombinant acellular pertussis
vaccine (Tdap) Junsw@ntl 6005A ¥innsides
feegneindiu Insulsmedseaniu 2 diu fie
d1u total antigen tag non-adsorbed antigen
dmsuAI0e1987uU total antigen wnsaulaain
N134@3 desorption solution (20% (w/v) tri-
sodium citrate in 2XPBST) asludegnaingy
Tudnsrau 1:1 wadlyidiu winvsluguuasuey
ﬁqmm:ﬁ 37°C (Hurian 16-20 F3lus WAy
nandetumiest 6,000 seusiewnii flgaumgdl 4°C
Juan 2 widl uanizdaula (supernatant)
Tuvaizfinise3eusiegsdn non-adsorbed
antigen Witdieg1eindu vuluguuniuay
fgaumgiidunan 16-20 $alus Tnglaidoady

desorption solution dloasunandsdumied
6,000 SaURDUN ﬁqmmﬁ g4oC 1uan 2w
uareanla (supernatant) Wievnanlddmsu
nSNAEOU
w3asflonagau
Microplate reader iq'u infinite F200
Pro HanH 9109 Tecan UsenAainionsaun,
Microplate wash: ImmunoWash'™ 1575
HAnIvs BIO-RAD Useineanigoiini dau
AIUANRUNYI 37°C WANSMTIYEY Memmert
Usempaniusansisusyeasul
NNAGDU
N15139919AMUTNTUA2IDE19IATU
Wialdlunisiasizi
FNTUNTNAFDUTEAUNTAATUVDS
WOUALAU DT YINNTIATIEAUSUULOURLAU
Tudu total antigen vN15139919ANUTNTUY
fegn991u3U 4 dilutions A 1/50, 1/100, 1/200
WAz 1/400 39:39979uUU two-fold serial dilution
¢e diluent buffer luvaifinsinziuiun
weuflauludiu non-adsorbed antigen g
NM5139ANUTLTURBEN9I WY 4 dilutions
fio 1/2, 1/4, 1/8 uay 1/16 393091940 two-
fold serial dilution f2® diluent buffer 115U
NINADUMTLAUNIAAFUYBILBUALAY TT
MnsieszrUsuateusaulugiu Total
antigen YN1S193ANTLTUAIDYTIUIU
4 dilutions A® 1/200, 1/400, 1/800 kag 1/1,600
F13997194UU two-fold serial dilution #a
diluent buffer Tuwazfin1s3as1ziusunn
wauRlaulugIu non-adsorbed antigen Lw3el
NS0 9ANUTLTUABE199 U 4 dilutions
fio 1/2, 1/4, 1/8 wag 1/16 %aﬂg’jﬁ’amwﬁmﬁu
NMSNARBUTLAUNSAATUVBIUBUALRU DT
%"'uﬂaumsmfsﬁLﬂiwxﬁszﬁumi@ﬂsﬁ'ﬂ
¥949 DT waz TT Tudndusiudae3s Sandwich
ELISA
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\nFeumaVYIRAeUSBLDUATDATIS Y
dmTUNIAdeUTYAUNSAATUTRILBURALIW DT
MNTARBUWATVIAGDUSAIE mouse mAb to
Diphtheria toxin (Cat No. Ab51882, Abcam)
Foansenduduil 1/700 fisvauas 100 pL
adlu 96 wells plate (Nunc MaxiSorp™ flat-
bottom, Thermo Fisher Scientific Inc.) LLag
FMTUNITNARBUTEAUNTAATUVRILBURALIU
TT YNSLARDUWANYIAZBUAIY mouse mAb
to Tetanus toxin (Cat no. Ab26247, Abcam)
Beasanandudud 1/5,000 WWsmauar 100 pL
adlu 96 wells plate LdIT9UALWANAIBUNY
plate sealer wdniuwavmaaeuiiuliadidy
gamgll 2-8°C Wt 16-18 Falaa leAsunan
dinavmageusenangiiu udid1eiie washing
buffer igaay 300 uL $1uu 3 Asa Ineldiados
Microplate washer WaaLiu blocking buffer
nauag 150 plL nniulamandaeusiy plate
sealer uazunluguumueiigamall 37°C (Ju
11 1 Hala wdvihnnsdadie washing buffer
%5&%1ﬂ5’ULauaﬁiuﬂmi§1u WHO International
Standard 2" International Standard for
Diphtheria Toxoid (Code: 02/176, NIBSC)
finsideansaududy 3.44, 6.88, 13.75,
27.50, 55.00 Wag 110.00 mLf/mL Whuadluiwan
NAFUUTUIAT 100 L Aaviay

AMTUNMTNAFDUVDILBUAIY TT Hiy
d131113571U WHO International standard for
Tetanus Toxoid (NIBSC Code: 04/150, NIBSC)
NS0 NAUINTY 1.08, 2.16, 4.31, 8.63,
17.25 waz 34.50 mLf/mL Wuadluwanyageu
U3uns 100 plL sieviau dauLiudieg1aindy
fFeranmundudufivnzaussesunedrsiu
U31195 100 pL wievial wagiisl blank (diluent
buffer) Ysu1ms 100 pL ntuamandae
plate sealer ualuunluguugaumgi 37°C
wu 1 9l Weasunahmandssng washing

buffer vemNTEMSUINAENAROUTO ORI
DT AN Rabbit polyclonal antibody to
Diphtheria toxin (Cat. No. Ab53828, Abcam)
\FoaneAududud 1/7,000 wauaz 100 pL
TuvaiziinaanaaeuTeouRay TT iy Rabbit
polyclonal antibody to Tetanus Toxin (Cat.
No. Ab53829, Abcam) 130919AULT N
1/3,000 nquar 100 pL wazunluduugumgd
37°C W@unan 1 9alus Weasunandramande
washing buffer LavTaNMAgOURURaY DT
way TT 1y Goat-polyclonal secondary antibody
to rabbit 1gG (H+L) HRP conjugated (Cat no.
Ab6721, Abcam) fMESEAUNISIIDI AUV
1/70,000 wguag 100 L wazudluguugamgil
37°C {Hunan 1 $alus Weesunandamande
washing buffer uagLfisl TMB substrate sy
100 pL uiazuaIneonnieiy 10 3undt Yudl
gamniiosuazdasiunas iuan 3.50-4.00
W9 Ud3ad Stop solution (IN HC) wiguae
100 L 1lengauFAzen siniseudinisge
nAuLaTuTiiiaueIARULEY 450 nm #ae
1384 ELISA microplate reader

N1SANUIUATTZAUNNSAATUYRS DT
uaz TT Tuia%u (degree of adsorption)

TUsunsy Tecan, MagellamTM @03
\A304 ELISA reader 931161 OD v83f10874
WiguuA1 OD 9898158195511 LagAIUINAT
Juvsmameufiauitiald wariundmsizi
seiumsgaduraaeuRauiensidamadel
degree of adsorption (%) = [(total antigen
content-non adsorbed antigen)/total antigen
content] x 100

1n® total antigen content Ao Usunad
weuRiuimnildnndegnsindulududign
desorbed ¢ desorption solution tag non-
adsorbed antigen content A® UsinaulauALaY
fldansegneTaduiiliniunis desorbed
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N13ATIEIUANYNABIVITS (method
validation)’

nsnagauaUudunse (linearity)

¥1NN151399198151195578 WHO Inter-
national Standard 2™ for Diphtheria Toxoid
(Code: 02/176, NIBSC) IagAnuaa il iddy
16 ﬁ;@ﬂi}’mﬁ’hﬁi’m (nominal concentration)
Tawn 0.05, 0.11, 0.21, 0.43, 0.86, 1.72, 3.44,
6.88, 13.75, 27.50, 55.00, 110.00, 220.00,
440.00, 880.00 Wag 1,760.00 mLf/mL lagil
N15L38919WUU Two-fold serial dilution wag
wasa 6 yaneaeuiiiudaszsioiu SsufoR
WULALINUEITUINTFIN WHO International
standard for Tetanus Toxoid (NIBSC Code:
04/150, NIBSC) lngiviuaadaidudy 16 39
AU (nominal concentration) lawn
0.03, 0.07, 0.13, 0.27, 0.54, 1.08, 2.16, 4.31,
8.63, 17.25, 34.50, 69.00, 138.00, 276.00,
552.00 Wag 1,104.00 mLf/mL Laruannageu
#1835 Sandwich ELISA uagsunail ODgs, .
Wislszduanuduiudseninsanududu
wouAluiuAINIaanauLas lagldaiuausy
AnduUszavsanduius (coodness of fit with
a coefficient of correlation (1) ABwdlANINAI
0.95 LaEAMNEFUNUSLTUAUNTITEUINAIAIY
LU ULDUALAUITIAUAIANUTUTULOURLIU
750le TneldAduussansuansnisdndule
(coefficient of determination () faadiAn
111N31 0.95

Inanalun1sInTsusunal (Limit of
Quantitation: LOQ)

NnMsnedeuANLudunss @nsa
grumsresTadfalunsIadeUsuna (Lower
limit of quantification: LLOQ)) WagfAgevas
Yaarnlun13intausuu (Upper limit of
quantification: ULOQ) Tn8iansaunannAsitu
yosuouALaUigaLazigian ArduUsEans
ANULUTUTIU (%CV) Uosnimsoliniu 20%

wazAAUARAAAeUELTNS (%relative error:
96RE) Y8IAMUINTULOURIUNINTIIBY TN
+20% 1ag %RE Arwulaann %RE = 100 x
(BC-NC)/NC, BC Ao Anudaduiidnunild uaz
NC Al AULTLTUT

Wae (range)

INNSNAFBUAMNMT UL UATILAY
Yadnnlun1siadelsunu aunsaldeniidy
frafinyaulaefiansanainanududures
LoufilauiiiiA1egsEning LLOQ uay ULOQ
T9UIUAIANUTNTUYDIEN TN ST IURE 9B
6 A1 laeeA %CV LAy 15% wagA %RE Ua9
ANULHTULBUARUNINTFIUNOYTENING £15%

N1INAFBUAIUINNIE (specificity)

JunsmegeumuUSinauauiiaudimg
Tushegusasyin evaaauausInIzves
F83um51ef Inemedeuiuiaoge feil

- fRYINIATU Tdap 1R9NAMULTLTY
#i 1/200, 1/400, 1/800 $281151309790 UL
Two-fold serial dilution afnidu 125, 62.5,
WAz 31.25 mLf/mL

- @19179357U WHO International
Standard 2" International Standard for
Diphtheria Toxoid (Code: 02/176, NIBSC)
\Fo919Anududud 12,5, 25, 50 wag 100
mLf/mL

- @13019357U WHO International
standard for Tetanus Toxoid (Code: 04/150,
NIBSC) 13ea1aaudududi 12.5, 25, 50 uaz
100 mLf/mL

- In-house PT standard (Bio-net Asia)
Feansmmuidud 12,5, 25, 50 way 100 ng/mL

- In-house FHA standard (Bio-net Asia)
Feanemnududiui 12,5, 25, 50 uay 100 ng/mL

- DT standard (NIBSC Code: 02/176)
Foannudd 12,5, 25, 50 wag 100 mLf/mL

- TT standard (NIBSC Code: 04/150)
Foannuiud 12,5, 25, 50 wag 100 mLf/mL
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WAgANEULET (OD) WinzAIINRDIN
1UsERUANNAUNUSIZIN the specific signal
to noise (S/N) ratio AUANNTNTUVDILOURLIY
1nsgu IneegeindulukiarAuiaan
azuaneAn S/N ratio FauUsiumsatul3ua
wouRlauiiiinty uazlinaswu response lu
Diluent buffer
ANA#BUAMNLAIY (accuracy)

Wunisnaaeuanuudugilunism
USunauaudiau DT 1ngyinn15ideaneansgaiy
@1311M5§71U WHO International Standard 2™
International Standard for Diphtheria Toxoid
(Code: 02/176, NIBSC) aae diluent buffer
Titindu 200, 500 waz 1,000 mLf/mL k&34
spiked asinasguiiwdenly adumedietadu
Lﬁdﬁlﬁmmﬂwﬁuﬁwqmwhﬁ’u 10, 25 wag 50
mLf/mL AUE10U dUTUNITNAFRUAILLLIUEN
Tunsmusunaoudiau TT Ingyinnisianang
AMUTUTUANTUINTFIW WHO International
standard for Tetanus Toxoid (Code: 04/150,
NIBSC) ¢ine diluent buffer Twindiu 40, 100
waz 300 mLf/mL k&34 spiked @15uImsgIY
fwseul? adusegeiatudiolildrududu
Megawinnu 2, 5 wag 15 mLf/mL F9vhnng
Anwrlushogneiadurislugiu Total antigen
waz Non-adsorbed antigen lag Total antigen
dusunisvadeu DT vN15130979AMNMTNTY
Y8IAI0ENIATUYINAY 1:400 wazdnsunis
NAdou TT YN0 19AMUTNTUIATUYINAY
1: 800 luaguzdi Non-adsorbed antigen ﬂzﬂ
A1sNagau DT wag TT l9Ae819infunuu
Undilute TulaagaMududuinn1snaaeu
§1U 3 81 Nt nan1sAsEinAu
AledsauazuaInISAUNEU (% Recovery)
Fespsagmelutag 70-130%
AsNAdaUANULTiES (precision)

eyt (repeata-
bility) ¥1MN153AT1E%mUSUeL DT wag TT

antigens Tuda0e197ATudIU total antigen
8z non-adsorbed antigen 91U 6 1 dlo
ANt lagdAlased 1 Al vinsvageu
Suiten ntuheviinaueuiauiils s
%CV Feazdeaiatosnitviowiiu 15%
AMTIATIERBAN9TY (intermediate
precision) ¥MN1ILATIEAMIUIIIM DT wag TT
Tushoee¥aguiidludau total antigen wag non-
adsorbed antigen 371U 6 1 Aenuudy
Tneffiasest 1 au shnsnaaeustetu anty
YrarUsuaneuiauiilaufuanni %Cy
Farzdeaeosnindewiiu 15%
NISNARBUAMIUNUVDIID (robustness)
MATIATIEAMUSNN DT wag TT
antigens lushogneTadusislugau total antigen
waz non-adsorbed antigen &winsvadey
$1uu 6 91 sie 1 msdudulaegnageu 3 au
wazyinsnageuALaz Ty nTURASIEE
USunauouRauiils thundiuane %CV @
wAsllAtounIMIONINAY 15%

NANTSANEN
nsasavdeuaultliveeds
nan1snaaaUAML AT LansAn
ODysp - TFUIA UM US I LB LAY
DT uay TT luusiazgamundudu wazaade
A1 SD %CV Lag %RE lagnsiianudunus
5¥NI19AT ODysp 1y HAEUTUIULDUALIUYDY
DT way TT hansA1 goodness of fit with a
coefficient of correlation (1) Wwasa1nnT I
usiaztE@ulayiniu 1.000 LagANUEURLETEINg
USinaunouiiauiinands (nominal antigen
concentration) kazU3uaueuRauTRwsziAls
(back calculation) @wnsutousiau DT faAn
coefficient of determination () winfiu 0.9967
Faguil 1 luvazfwoudiou TT fidh /~ wiidy
0.9986 ﬁ&gﬂﬁ 2 FadonAd0InLLNUT LA

21561591M150aze1 UM 28 aUUN 3: NU818Y - 5UNAN 2564 29



2,000

1,600
y = 0.9562x + 0.4073

1,200 R? = 0.9967

800

NC (mLf/mL)

400
BC (mLf/mL)

0 400 800 1,200 1,600 2,000
JU#l 1 puduiussening nominal antigen
concentration [NC] AuA1 back calculated
concentration [BC] dwsun1snidiunal DT
antigen Tug19AULTY 0.05-1,760 mLf/mL
fifien # winiu 0.9967

Nan13ANEITANALUNTIATaUS N
dnsuloulaun DT WUl A1 LLOQ WAy 1.72
mLf/mL Ing %CV Windu 8.67 Way %RE Wiy
18.70 Tuvauzdien ULOQ wirfiu 880 mLf/mL
198 %CV WinAu 7.99 way %RE WA -14.21
Faaeandewuinasismun dudnsiialunis
LTI U MTULDUALRY TT wu A1 LLOQ
WU 0.07 mLf/mL 1ae %CV Ay 11.18
WAz %RE Wiy 14.29 Tuvaiiien ULOQ Wit
552 mLf/mL lag %CV Wiy 15.41 uway %RE
Wiy 17.79

nnsnegevanldudunsay
YaaAnlun1sindeUsuna annsalaenigs
frafimunzaulaefinnsanainanududuves
LeURLaY DT Aifidegsening LLOQ uag ULOQ
LAAIANUTNTUYRIETUINIFIU 6 A1 Ao 3.44,
6.88, 13.75, 27.50, 55.00 thaz 110.00 mLf/mL
Inedl %CV Wiy 10.96, 8.50, 10.49, 3.23, 2.81
way 1.43 Auaeu wagda %RE Wnfu -7.61,
-0.49, 0.97, -1.87, -0.97 wag 3.76 a1ud1su
drumsnageunnududunsuazndrinluns
SofaUSina ansadenfideraeiiunzaulag
farsanananududuresouiiou TT Aiflan
9g521318 LLOQ uag ULOQ ladanududu
YDIATUINTFIU 6 A1 A 1.08, 2.16, 4.31, 8.63,

600

500
y = 0.8369x + 1.4595
400 R? = 0.9986

300

NC (mLf/mL)

200

100
BC (mLf/mL)

0 100 200 300 400 500 600 700
JU#l 2 Anuduiusszning nominal antigen
concentration [NC] AuA1 back calculated
concentration [BC] d&usun1suiusuiad TT
antigen TuggautNUY 0.03-1,104 mLf/mL
fifien # winfu 0.9986

17.25 wag 34.50 mLf/mL Tawdl %CV Wiy
10.68, 9.23, 11.72, 8.09, 2.76 wag 5.06 MUaIAU
uazdlA %RE WAy -8.49, 6.71, 9.16, -7.67,
-0.74 uag -1.60 MUEIRU

HaM VAU specificity 98935 Sandwich
ELISA d3u DT wu31A1 S/N ratio w93 DT
standard Way Tdap vaccine ﬁﬁ’lLﬁ'mq\‘isﬁu
wsiumsafusesummudiduve oty
flaguil 3 luvaizdinanismadeues non-target
antigen 1auA in-house PT standard, in-house
FHA standard ¥ in-house TT standard
WU S/N ratio Uosnan 1.00 Wulfgaiu
WANIINAADUUDY desorption solution Way
dilution buffer fi5iAn S/N ratio Yesniuie
Wiy 1.00 Feagulédn Fveaeuiifiarudmne
dmfunismiusunu DT

HaMIVAEOU specificity 18935 Sandwich
ELISA d1%5U TT wu21@1 S/N ratio 989 TT
standard way Tdap vaccine ﬁﬁ’]LﬁﬂJQﬁsﬁu
wsiumsafusssumududurasfodsfiiiuiy
Flasuit 4 Tuvaugiinanisnaaeuyes non-target
antigen oA in-house PT standard wag in-
house DT standard wui1A1 S/N ratio Haenin
NIBWINAU 1.00 LWULAEINUNBNISNAABUVDY

desorption solution Wag dilution buffer i
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A1 S/N ratio Woeni1130:11Au 1.00 wWidIU3U in-house FHA standard wu313an S/N ratio
enudindugegailan S/N ratio Wiiu 3.43 e hilnaderannilieifisuiuanuiduduganves
TT standard @sdifn S/N ratio Wiy 17.22 Jsasulein Fveaeuiifinnudwzdmsunsmusua TT

12
Diphtheria toxoid standard
lle—Tdap sample

TT standard

o

o == = In-house PT standard

S/N ratio

= e == |N-house FHA standard

= wmiem = Dilution buffer

UL T L LT

= e)gm == Desorption solution

0 25 50 75 100 125

Antigen concentration (ng/ml or mLf/ml)

JUN 3 Auduiugsendng S/N ratio fuusunm
waUAIU DT Tufegawiazusennime Sandwich
ELISA

NAN1TANYIAULNUTDIIDNAADU
Tunsmusunaueudau DT lusiegvindusiy
(Tdap) Imen1s spiked DT standard 471u2u
3 AnultNduaslumlegeinduludliu Total
antigen wag Non-adsorbed antigen wui1lvian
%Recovery agluyat 83-105% Faaonndoy
naiivue Fannseil 1 luvasiinanisdne

ﬂqiq\iﬁ 1 Nﬁﬂ'ﬁm@ﬂ@Uﬂ'mllLLQJUGLUWWVHU%N']W
DT antigen Tusegnaindunie3s Sandwich
ELISA

S/N ratio

em—f—Tetanus toxoid standard

20
el Tdap sample

15
DT standard

= «@= = In-house PT standard

—
o

o e @ IN-house FHA standard

@ wwtes « Dilution buffer

T - ) = Desorption solution
.:x---'-------'
0
0 25 50 75 100 125

Antigen concentration (ug/ml or mLf/ml)

;nlﬁ 4 ANUANNUSIENING S/N ratio nuUSun
wauRaY TT TusegausarUsesnnae Sandwich
ELISA

AMULLLTRIaAgaUlUNIIUTU LD URALIY
TT Tudeensindu Taenas spiked TT standard
U 3 AUt uasludeg1einduludliu
Total antigen lag Non-adsorbed antigen
nuIliien %Recovery agflutae 101-129%
FaaonndosmnaLnaT mvuauiy §an1519d 2

ﬁqiq\iﬁ 2 Waﬂ'ﬁ“l/mﬁaUﬂ'mllLLQJUSL‘Hﬂ'ﬁM'TU%M']m
TT antigen TusiegeinGuaa878 Sandwich
ELISA

Sample name Spiked  Back calculation % Recovery

Sample name Spiked  Back calculation % Recovery

sample  of DT (mLf/mL) sample  of TT (mLf/mL)

Average (n=3) Average (n=3)
Spiked antigen in 10 mLf/mL 10.37 104% Spiked antigen in - 2 mLf/mL 2.49 121%
diluent buffer 25 mLf/mL 19.30 7% diluent buffer 5 mLf/mL 4a.79 94%
50 mLf/mL 40.64 81% 15 mLf/mL 13.57 90%
Total antigen of  Unspiked 26.13 N/A Total antigen of  Unspiked 0.38 N/A
Tdap (1:400) 10 mLf/mL 34.80 83% Tdap (1:400) 2 mLf/mL 3.60 129%
25 mLf/mL 42.74 88% 5 mLf/mL 5.89 115%
50 mLf/mL 68.90 105% 15 mLf/mL 14.05 101%
Non-adsorbed Unspiked 2.22 N/A Non-adsorbed Unspiked 0.25 N/A
antigen of Tdap 10 mLf/mL 11.89 92% antigen of Tdap 2 mLf/mL 2.94 108%
(Undilute) 25 mLf/mL 18.95 88% (Undilute) 5 mLf/mL 5.24 104%
50 mLf/mL 36.90 85% 15 mLf/mL 16.44 119%
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HANISANYIAIILTIBY FafnwIna
mMseeglutuiieatiu (repeatability) Ine
nageumUsuauLeudlau DT Tusied1eindu
wulugiu total antigen S %CV WU 3.61%
LLazmamﬁmeﬁsgﬂ@hﬁu (intermediate
precision) IngvagounIUIuIMLOURLIU DT
Tuseg19indu @19ty wagianiu 91U 3
nsvagau wuhuau Total antigen Toald %CV
Wiy 14.92% luaazfinanisnaaeuludiu
Non-adsorbed antigen fiAtpsuinliause
fwandld (< min) waileruins degree of
adsorption ¥8LaUALAW DT content Tuindu
siaiiiewhiy 100% Tuvasioiuiimsendy
msfnaufiedunsiessiUiinaueuiiou
TT Tngenfiunsivuieanunsiesgisuna DT
Tuseg197A%u Wuiman1sfine repeatability
Tudqu total antigen A1 %CV WNAU 14.26%
UarHanI3AnY intermediate precision Tudu
total antigen T9lg %CV whitu 12.61% Tuweusdi
nan1snageulugIu non-adsorbed antigen
fitosunnldanunsamuald (< Min) dau
defuin degree of adsorption YaaURLIU
TT content luSafurdafiiAwiiu 100%

NANSANYIANVILYEEIG (robustness)
MNFIATIEHIIIU 3 AU Aelinsnnaeu1eiy
waza19an wunUsunaoudiay DT Tugiu
total antigen lagg3iAs1e9i 3 au fAvinfiu
4.47,3.97 wag 4.27 Lf/mL Lﬁaﬁwmmﬁ’l %CV
WU 5.99% Fedenndasiuinaeividiualy
(51971 5) TuvausfivSunamweuRau DT Tud
non-adsorbed antigen fiA1tasunliainise
fwandld (< min) wazileruin degree of
adsorption U84 DT antigen TuSpduaiiniian
WU 100% luvaugiaiudinisamiiiunisdnw
ANNASVILYBIID MM SWTILAT B IS INaUULEURALY
TT Ingaiiunisiauieniunsinsigiusune

DT Tuseg193n%u wualudiu total antigen
lnerins1ent 3 Au Awiniu 1.78, 1.68 wag
2.13 Lf/mL lafunnan %CV wihiu 12.68%
Feaonadostuinaeiiinvuals TneUsuiu
wou@lay TT Tudau non-adsorbed antigen
fietorannldanuisarunlld (< min) wazidle
AU degree of adsorption U84 TT antigen
TuSnduvieiliidnviniu 100%

=\
anUsEHa
v A ¢
Tadusmnilesnlsznauves DT waz
TT Wuiadufinanain diphtheria toxin wag
tetanus toxin AINEIRU BN lAuNAgNSae
answaiinanendu toxoid wazii toxoid NUEND
wénly adsorbed fheasiasugws (adjuvant) viin
aluminium salt Felddmivasiuasugiiauiu
< 9 = 1Y)
wislglunisesiulsarefutazuianzdn
MINTIIABUANUYNADIVBITS (method
validation) ¥043531A5 181 5EAUNTAATUVDS
MongesmTonefiu waziongosmaouinngdn
Tudatuseeds Sandwich ELISA Nansvngeu
wundulumuinasidvualunnnisfives
Fauanslifiuin angivhnsane dnau
gnABIgaN ansnnunldaluANAMAIN
JATUSIN tetanus toxoid, reduced diphtheria
toxoid, recombinant acellular pertussis vaccine
(Tdap) tialglunsniaussdiununnipdusiy
Tuuszmalng Inganunsausedivnaninlona
USunauwaudau DT, TT tuniag Li/mL wagsesu
@ < ¢ & a . a
N13gATUTBIaNTREALtaAaAy (DT antigen)
< ¢ & Y . 5 &
wazhkazyangaenauInnzdn (TT antigen)” Al
adjuvant Tuniae degree of adsorption (%)
o o - e e
wazanITauImannsnITIaTzRilyusule
Tun1smsEaunsgadureILeURARUYTNDUTN
adsorbed MmeasiaiNgnssia aluminium salt
Tuindudu 9 wieldlunisaunuauninle
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ELISA gnansadunliluiBnnsgulumsiasz
U3ua OT uag TT ludndu iieldlunismunu
aanmiadululszmalneneuiaydming
idlevumaaeusziunisgaduresfionsesd
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Abstract

Background: Steamed pork sausage or “Moo Yor” consumption is a popular traditional food
gift and famous in northeast Thailand which mainly produced in Ubon Ratchatani provinces
and nearby. Notification of the Ministry of Public Health (No. 418) B.E. 2563 Issued on prescribing
the principle, conditions, methods and proportion of food additives (No.2) prohibited the use
of benzoic acid, but it was able to use sorbic acid lower or equal 1,500 mg/kg in steamed
pork sausage. However, according to laboratory surveillance data, it was found that both types
of preservatives were still used.

Objectives: To study a situation of the use of benzoic acid and sorbic acid in steamed pork
roll products and to study on exposure risk assessment of benzoic acid and sorbic acid from
steamed pork sausage.

Methods: Steamed pork sausages 114 samples were collected from production sites and
distribution in markets in Ubon Ratchatani, Sisaket, Mukdahan, Yasothon, and Amnat Charoen
provinces in Thailand between December 2019 and June 2020. Benzoic acid and sorbic acid
in the samples by using the high performance liquid chromatography method. Then, the risk
assessment of benzoic acid and sorbic acid from steamed pork sausage consumption of Thai
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people in each age groups were calculated by using probabilistic estimation method and
classified consumers: per capital (all population) group and eater only group.

Results: The 114 samples were detected benzoic acid and sorbic acid at 84 and 10 samples
that were the lowest and highest level in range of 108-1,253 and 9-4,168 mg/kg, respectively.
Besides, it found one sample which had both benzoic acid and sorbic acid at 442 and 108
me/kg. Risk assessment results of benzoic acid exposure discovered that it was a low risk
among the entire population at average 0.77-3.20 percent of ADI and high level 97.5 percentile
at 25.62-85.61 percent of ADI. Moreover, in the eater only group who consumed steamed pork
sausage found that they got a row risk as well at 16.74-49.25 percent of ADI. On the other
hand, the risk assessment results as 97.5 percentile found that the consumers got a high risk
in all age groups by 157.46-579.90 percent of ADI.

Conclusions: There was use benzoic acid which consumers in all age group had the high
risk to expose the acid in steamed pork sausage in 10™ Public Health Region. As a result,
to consumer safety, government agencies should strictly control a food addictive using to
follow regulations and laws, also communicate and educate people to decision on buying
selection steamed pork sausage in the future.

Keywords: risk assessment, exposure, benzoic acid, sorbic acid, steamed pork sausage
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50 mL angldvininusnnms aunm 100 mL s
extracting solution Usganew 80 mL carrez |
solution @ carrez Il solution ®g9ay 2 mL
USuusunslinsdnnae extracting solution
el faiald 15 wnit nsosdaenszay
N89S 4 LarnIEANwnsasnn Nylon 66
AgnguruIn 0.45 pm Yasazadeilely
nagauUTuunIauUlednlaznIngasinmY
wAle HPLC
wannsuszifiuauEes (risk)

ihAnslasuduiansaiuulednuay
nsagaiinannsuslaavyeaileuiiguium
Acceptable Daily Intake (ADI) wagiNansaun
mNLAEI9INTosazued ADI vodusaynaLeng
Tunsdififinniu 100% ADI wandinfinnandes
wneliiindunsedeguanguslaala
n13suTIndeya

msUsziiuanadsenislésududa
nsauuleBnuaznsngeiin Useneumedoya
nsuslaanyeeandeyanisusianemisves
Uszwnalne (food consumption data of
Thailand) lngdiinsnmsgrudumuas ssuunmnm

AUINUINTFIUAUANNYATHAL DI TUIIYRA
nsznsannuashazannsal' " Tnsthdeya
nsuslaanysenAndsvosUTunumyee
fslnauazAL e dulnd 97.5 vesnguiame
fiulna (eater only) uagnduuseInsmavun
(per capital) lungueny 0-2.9, 3-5.9, 6-12.9,
13-17.9, 18-34.9 uay 65 Viuly JeyaFanouads
warUTinaugegavasnsauulednuaznsngeiin
fnsanulunyoe wazvhnisuszifiunmides
Wiguiguriuen ADI
nsAAsIEvidaya
ihdayauSunaeansauulednuay
nsnmeiOnlunygeiingrany uazdeyanisuilna
nygaNToyan1susinaemnsvesUsemelng
wmuIunslasududalagis Probabilistic
estimation \olUsHansUszIiuTisziuAw
thandusia o Tu 7 ngueny Tasfinsandnade
ihwiindveaustazngueny 1u ke wsngueng
msnuaziniBwnzwee 0-2.9 U Winfeneawseu
3-5.9 U ihindeou 6-12.9 U Ja3u 13-17.9 ¥
Klvayene 18-34.9 U lvigjony 35-64.9 uay
fgeeny 65 Tuly dnbwiinedeusagnguony
voanguUsETnThmauaznguanzuilan
Tngfansaniinisuslnamyeeiadouasisziy
97.5 Wesdulndvowi 2 nquiiioUssidumslisu
dudansaiuulednuazningesinaNnIngIany
TunyeefivsunaadouayUiinagsan lnonms
n3suNsidervganvingievusimsuay
WnuRsWtanUsEAvIRLazesAnseudelan
(The Joint FAO/WHO Expect Committee of
Food Additive: JECFA) lafnunaanulaensie
iuen ADI fisneneanansosuansduldsetu
Taelineliianansenusieavninguilaeg
nsauuleBnsiuranderuuleen 0-5 me/ke
bw/day waznsagesdnsmandevesiun 0-25
mg/kg bw/day oyauIunanisuslnanyee
Tu 7 929nquengiinand wazuuadu 2 ngu
HUSLAA Ag
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naul 1 neuszansInan (per capita)
finsuslnamyeelasiadevesusiaznauegwiniy
0.41, 2.01,4.04, 5.11, 4.67, 2.57 way 1.63 ¢/
person/day firiUesiiulvad 97.5 (per capita)
winiu 5.71, 17.14, 34.28, 51.43, 34.28, 25.72
ey 17.14 g¢/person/day

nauil 2 fuouuslaa (eater only)
Tneideiinfu 14.34, 41.44, 58.40, 66.90,
66.86, 54.16 Way 45.53 g/person/day @115U
AnUesiiulvad 97.5 904 0-2.9 U Wiy 30 o/
person/day Wag 120 g/person/day émiunau
9199 9 Tumsdununsidiuduiannaunis
o nslasuduranianisuslan (exposure) =
food consumption x concentration/bw x 1,000
Tnefl  exposure = Usinanislasuduianse
wulednuaznsareitnainnisuilaanyes
e Tadniusaausaiu (me/ke bw/day)

food consumption = UTHNUN1SUILAA
viee niusenusiaTu (¢/person/day) lasuduria
nsavuulednuavnsngesinty 1 Ju

concentration = Usinauwaensauiladn
waznsngasUnluvyee mieiladniusenlaniy
(mg/ke)

bw = tuiiniade Flaniy) wsm
NENDTY U 7 929018

ADI = USanaufisnaniganansniuans
TuwsayfunaenaigdulaelineliAnnansenu
ARAVNIN

eater only visngia nguRUIlaARINE
fuslnanyye

per capita 11639 nuUTEIINTIHILA
fslnanyye

nseBuUNdnuAIzYeIANLLEDS (risk
characterization) WAmslasuduiansauuledn
waznsageiUnanmisuslaanyeelIeuiieuiu
A1 ADI wagfiansanamuidsanniosazves ADI
yesusiazngueny lunsdlififiaiiu 100% ADI
uansindarundes agneliiAndunedegunn

Ausloald Inelden ADI vosnsavuulednivindu 5
wagnInwestnwinAu 25

aades (risk) = mslasududania
N13U3LnA (exposure) x 100/ ADI

NANIIANEN
1. @garunisalnisiieduvasnsauuladnuay
N3AYaTUN
Mnmsduiiviegmvysefindnias
Iuheludminguayentl Avasiny Ynang
glassuayeIuRLaTY 91U 73, 11, 10, 10 Lag
10 $hethe s 114 feghs AT iAT1Ed
mUSuanIauuledniaznsngeslin NalATIzi
AlFUszliumunasinassuYeIUsENANTEN T
550U (Ul 418) wa. 2563 1304 fyue
wdninaet Houly 380151 wagdnsdiunes
Tnquievuerms (atiudl 2) lildimuauiina
geaavesingiudevinnsauulednlunin o
dodniulssudssanmyee diunsagesdnli
Talaladifiu 1,500 mg/kg HANITNTINIATIZINY
nsauuledn 91uau 84 et Anduieuaz 96
fiUSanausnan-geanegszning 9-4,168 me/ke
fiusinaunsauuleBniade 1,320 mg/ke Tnemy
nsidevuvesnsauulednluvyeeindnuay
Imheandminguasesill ynavng elass
Az LAaZEIUAASY FoBaz 67, 100, 80, 73
wag 90 muaeu Jeansliiuindadinasldnee
wulednluvyes diunsagesinnunisievu
TunyseinanuazSmmneanndminguasivsni
wavAIaziny aoum 9 fegs Anidudesay 12
war 9 mudy fUsuaueds 55 me/ke Jernu
NATININNINIFIU Fosaz 100 Usunanisldnse
gosUnlunysensianuagluyia 108-1,253 me/kg
uaznTIvliNUNIALesUn 91Ul 104 Feea
Andusesaz 91 wumsldnsauulednsaudiu
nsnwasin Usunu 442 wag 108 me/kg muasiu
i 1 freege Anludesay 1 lunysendna
wazdmganiminguasusnil fnsei 1
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A19197 1 YSunaunsauulednuaznsagesinlunyes

EEL aUasIYs il UNANNT olass f3aziny IUNTEY
TINUAIDYN 73 10 10 11 10
M LNG 19 0 0 0 0
WUESTINUNY 54 10 10 11 10
AIBENTANUNIAUA 59 10 8 9 9
nsawuledn (A2a819) a9 10 8 8 9
en-gadn (mg/kg) 435-3,654 1,354-4,168 9-4,165 476-4,153 669-3,934
ALade (me/kg) 914 1,084 1,430 1,518 1,338
nsavasin (Flaeq) 9 0 0 1 0
Fnga-gedn (mg/ke) 108-971 - - 1,253 -
Aade (me/ke) 63.77 - - - -
nsawulednsaunu 1 0 0 0 0
nsnvasin (R10819)
wuledn (mg/kg) 442 - - - -
%9590 (mg/ke) 108 - - - -

2. msUszdiunnulasafeuasnisiasududs
nsauulednuaznsnvasin
PnuansUssdiunnudsmemsiésu
dudansauulednuazningestn lneilssuiiey
fluAsegarYad ADI wudl Tunnnguengves
mjuﬂizmﬂiﬁgmmﬁmmLﬁaqﬁwﬁszﬁmaﬁa
YoInsaluUledn 1,320 me/kg Wagnsngeosin
55 mg/kg aefluriederag 0.77-3.20 way 0.0064-
0.0265 ¥84A1 ADI MUEIAU dmTungueny
fuilnafirnuidesinfiszfuedsvesnsnuiledn
waznsnvesUneylurieovay 16.74-49.25 uay

0.1865-2.0893 @3¢ ADI Aaeiu NsUsziiiu
nslasududavesnsawulednuasnsngeiin
sz 97.5 Wesidulnd uazifunyeeiinng
Feovunsauuledngs fanudssgslunislasu
nsatuulednifintuduiesas 157.46-579.90
v93A1 ADI Tuvnnaueny dunsngesiniay
\Feermnngueny annansUszIliumLAeS
sziiulsinguslnafinnuidssionslasududa
nsaruulednganinsarestinainnsuslnavyee
Fansat 2 way 3 defufensdunsesduilne
granmsliviauazUiinavesingiudenui
nosneivuall

A157497 2 Ysinanistasududansauulednainnisuslaavyeeiisuiuen ADI 5 mg/kg bw/day
(USunauade = 1,320 mg/kg USunaugean = 4,168 mg/kg)

G ndueny  uwiinga  Usinanisudlaavyee  USinanisiududa anudss
@) (kg) (g/person/day) (mg/kg bw/day) (5ovazvas ADI)
WAy AU 975 sfulade SUU 97.5  sudumBe s 97.5
‘Ui%ﬁ]’]ﬂiﬁ%%m@ 0-2.9 10.55 0.41 571 0.05 2.26 1.03 45.12
3-5.9 17.25 2.01 17.14 0.15 4.14 3.08 82.83
6-12.9 33.38 4.04 34.28 0.16 4.28 3.20 85.61
13-17.9 53.42 511 51.43 0.13 4.01 2.53 80.25
18-34.9 63.12 a4.67 34.28 0.10 2.26 1.95 45.27
35-64.9 63.53 2.57 25.72 0.05 1.69 1.07 33.75
65 YUl 55.77 163 17.14 0.04 1.28 0.77 25.62
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15199 2 (99)

G nqueny  dwiinga  Usinamsuilnavgee  USinamisiududa anudes
@) (kg) (g/person/day) (mg/kg bw/day) (5owazvas ADI)
Wl AU 975 stduwAl S3AU9T.5  szdulede ey 97.5
neguilaa 0-2.9 10.55 14.34 30.00 1.39 11.85 27.86 237.04
3-59 17.25 41.44 120 2.46 28.99 49.25 579.90
6-12.9 33.38 58.40 120 1.79 14.98 35.87 299.68
13-17.9 53.42 66.90 120 1.28 9.36 25.67 187.26
18-30.9 6312 66.86 120 1.09 7.92 21.71 158.48
35-64.9 63.53 54.16 120 0.87 7.87 17.48 157.46
65 ﬂ“ﬁulﬂ 55.77 4553 120 0.84 8.97 16.74 179.37

P1519% 3 USinaunislasududansawesinannnisuslaanygeiisuiuan ADI 25 mg/kg bw/day
(USunauade = 54.7 mg/kg UTuaEagn = 971 mg/kg)

G ndueny  dwiinda  Usinamsuslnavgee  USinanisiududa anudes
@) (kg) (g/person/day) (mg/kg bw/day) (Sowazuag ADI)
Wl AU 975 stduwA SAU9T.5  szduede ey 97.5

ﬂﬁwﬁﬂiﬁ%ﬁmm 0-2.9 10.55 0.41 571 0.0021 0.5255 0.0085 2.1021
3-59 17.25 2.01 17.14 0.0064 0.9648 0.0255 3.8592

6-12.9 33.38 4.04 34.28 0.0066 0.9972 0.0265 3.9887

13-17.9 53.42 5.11 51.43 0.0052 0.9348 0.0209 3.7393

18-34.9 63.12 4.67 34.28 0.0040 0.5273 0.0162 2.1094

35-64.9 63.53 2.57 25.72 0.0022 0.3931 0.0088 1.5724

65 ‘fJ‘“Zth 55.77 1.63 17.14 0.0016 0.2984 0.0064 1.1937
LQWWZE;I/U%IQF] 0-2.9 10.55 14.34 30.00 0.0743 2.7611 0.2973 11.0445
3-59 17.25 41.44 120 0.1314 6.7548 0.5255 27.0191
6-12.9 33.38 58.40 120 0.0957 3.4907 0.3827 13.9629

13-17.9 53.42 66.90 120 0.0685 2.1812 0.2740 8.7248

18-34.9 63.12 66.86 120 0.0579 1.8460 0.2317 7.3840

35-64.9 63.53 54.16 120 0.0466 1.8341 0.1865 7.3364

65 TJ?JUI‘U 55.77 4553 120 0.0446 2.0893 0.1786 8.3572

a
anUsena

MNMIFnwanunsainsldingiude
yiansauulednuagnsngesinlumyge wuin
lidulumufingrneimunmulssmansens
a550uAY (UUT 418) A, 2563 1309 fvun
vanina Houly 3801514 wazdnsrdiuves
fnquiovuens @iuil 2) Fslaidmuauiinu
gegavensauulednluvyee wagdsznie

NIENTNATITUGY RUUN 389) W.A. 2561 1384

21561591M150aze1 UM 28 aUUN 3: NU818Y - 5UNAN 2564

[ =

TaLdaUue1uns (@Uuil 5)

9

gaiin1sldTngiudevtinnsauulednlunyee
AvAziNY YNAMT 8lass

20 g liuan

ludwminguasvsiil
wareuwaLasey lnenunsidevuldnsauuledn
Sovay 74 uansngestniesdiuiy 10 fgis
FeriumnsgIunan i fesag 100
Fsmmuniifaonadosiunenuresesen way
Az U 2559 finunisldnsauulednuaznsn
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250N U IMITNANEUTEAN LU UINSNATLAS

a . (3 nﬂy v 6 v %’
wamﬂﬂmLuaamLLazammLLUigU YUUDU Lhae

=

wsesin' Mediondulng udn uasduni
goauwin'® enailownanguszneuanunsa
yioTagiudedts 2 wdadldde salduns
finnalaidlanisldvfiawar Usnaiimvangay
voaingiudslunyseuazaugmlildluamis
TaunsUssan egnslsimuenmswatesia 1y
e grvusy/iie Tnsen Wuensillaitinun
Usinamsldnsauuledn udaziuseansnm
adlumstudanmaiaiviaventogdunisiy
awnsfiflanmdunsn warlivenvaudnsuly
nanuleBnlundnsusidedniuusgineay
fiusvavs e SeadldUSinamnnuazetai
Sunsreseguamiuslaald ° uaznadsziiu
Audssveanisld Suduiaisefuindoves
USinaunsauulednuaznsngesoniingianuy
Tuvyee wazUTuumslasududanssiugs
Usziluannmisiasuduiansaruuledniaznin
gei0nfisziu 97.5 Wosidulnd wuingueny
Afianudsefifiandesas ADI 1nndn 80 e
nauey 6-12.9, 3-5.9 uay 13-17.9 U vaengu
Usznsravmndudilaliuslnanyeeidulsydn
Faflmmidssifosniinguiuilaaamzuyee
vownnauogisziunsldsuduiansaiuuledn
fiseiv 97.5 Wosiulnd Fafieanuidesdoray
157.46-579.90 w84 ADI iflaiUSeunisunisussdiu
anandendufosas ADI TruveInIATesOnuat
nsmunledniudisesu 97.5 Weosidulnd wui
Mnmsuilaavyeslunguanizuiinaianiy
Hosganineomnsuszian nuides Ténsendanu’’
hwdnmu’® nTesunadin®® win1sUslnAvyee
yaanguanzusinalseliunisiasududanse
wilgdnuaznsngesindisesdu 97.5 Weddulnd
yeann naueny damidsstiosniinisuilan
psUsunmiduhadesiadulnguasdubn
Tunsel Worst case fin1suslnausunaLay

Audgegn’” faddinisusziiuaudes

Tupdsilvefinuvasasvdmiunguuszeins
fran Sadundusznsiivouuay iveuulon
yypeTisyAuNsUszium e snsauledn
waznsawoidndisziuiade waznquiuilag
lnnzsesuedsvesnsauulednuaznsnvesin
uaz 97.5 Wosidulnavesnsnweiin danuides
liiAudosaz 100 ves ADI udlenaiinrundes
fuszifintu Juegifuiinunisideuuvesnse
wulgdnuaznsagesinlunyes wazuSuiu
91sAUUTENY Fanyeerueivsidesld
Tureifer nmedu vieudssmuuuutszney
ownsifleanyserdaiied Iailiilennad
fuslnmaeilenuidosioquamls audssan
maldsudutansauulsBnasdamuidaiiunniy
vnfuusenusauiuemsuiadudiinigld
nsmuulednifuingfuds deiudnanasli
AudAuaeszindanUUaensisveiuilag
doanslymiisnuisuiiaveunsuiisannuides
fnuiitelimruaunsldnsaruulednlumyee
9810110 wazndnaulivyeeliaainuans
dvszneuiiefumsiiisy Sseadasnste
vaauilaarely saudanismuau Adugua
Tinsléviinaingfudemuiingraneriinue

d3una
mMsUssdiuruidssvesnislasuduia
nsauulednuaznsarestinainnsuslaanyee
firnandesguionguiamzguslnaiiszdu 97.5
Woesulnd fir1 ADI Sevay 157.46-579.90
aTanuUsinaunsaluulednlunyee seuay 75
agluyie 201-4,168 mg/kg Fepuusznie
nIEnsRaIsITMavliivuaUIiIuEEaves
naauuledn widvuansawesOntylaluiiu
1,500 mg/kg Tuvgee msrawuimuad Iy
10 shegns Anludesaz 100 Treglugas 108-
1,253 me/kg eogluinamifingvaneriualy
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nsl#ngfudedlioygyalildluvyee fe
nsavuuledn wavdeanuindnisldnsngesdn
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1. dnuasIsuguImIn 8y, uay
yhonuvesigiietes msysanmsdaeus
TanusluBessléingieuuemsluyee
iierUszneumsuazguslanlsidlafisanseny
AOFUNIN LAZAMUANTTLANIRAINVDIVYED

2. wheuvesdgiifeatos aasfun
Tinsuansaainvosmyee lagszyluiFeues
Sngiude uazTunineny ielwiuslnansuis
neanBunioudontenyoangsmine

3. jUszneUNSHaslANIRTENNLGY
Suitnveulumadenlingiudelildnuansg
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Nations, World Health Organization. Evaluations
of The Joint FAO/WHO Expert Committee on
Food Additives (JECFA) [Internet]. Geneva,
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Abstract

Background: Food export to the European Union (EU) is a major source income for Thailand.
However, some of these products were not through import to the EU countries due to food
safety hazards detection that caused a negative impact on economy and reputation of Thailand.

Objectives: To study the statistics of Thai food safety notifications and analyze the causes of
Thai food product notifications in the EU from 2010 to 2019.

Methods: The data for this study was collected the Thai food product notification data by
using the EU’s Rapid Alert System for Food and Feed (RASFF) database. Then, it classified
the food categories, food safety hazards, and notifying countries as descriptive statistics.

Results: It is found that the Thai food product notifications of the EU caused from chemical,
biological and physical hazards, absence of certificates, and transportation quality issues.
A major food that noticed includes: (1) fruit and vegetable contaminated pesticides; sulfite;
and genetic modification, (2) poultry contaminated Salmonella, (3) seafood contaminated
histamine and cadmium, and (4) feed that contaminated mercury; arsenic; and Salmonella.
Moreover, a case of frozen food, most of them were controlled unsuitable temperature during
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transport which the products were declined whether destroyed at ports. The EU” Countries
where very strict on food import inspection were Finland, Denmark, Norway, and Germany.

Conclusions: Although the number of Thai food notifications in the EU tended to decline,
it still had food safety hazards continually: pesticides, Salmonella, and heavy metals.

Keywords: export, European Union, food safety
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Abstract

Background: Nakhon Ratchasima Provincial Public Health Office established the One Stop
Service Center in 2006. It has improved that stressed on facilities as fast delivery and on times
to clients get the highest satisfaction.

Objectives: The study aimed to distribute a success proportion on service of the One Stop
Service Center in Nakhon Ratchasima Provincial Public Health Office, Thailand, between 2018
and 2019 fiscal year. Besides, it purposed to evaluate satisfaction levels and investigate affect
factors on the satisfaction in 2020 fiscal year.

Methods: The samples were collected by questionnaire from a voluntary client and a purposive
sampling at 231 entrepreneurs as a volunteer from 20 February to 30 April 2020.

Results: The results found that the services of the One Stop Service Center had a success
proportion in a permission consideration at 99.35 and 99.67% in 2018 and 2019 fiscal year
which the difference was statistically significant at p=0.003. The time success proportion that
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entrepreneurs received licenses was 86.15 and 87.91%; the difference was not statistically
significant at p=0.497. Moreover, this study demonstrated that entrepreneurs 73.52% had
overall satisfaction at satisfied level which 4.18 average score. Category that reached the highest
score in satisfied level was staffs’ services by 4.38 average score, followed by procedures and
facilities and environment at 82.68 and 79.30% or 4.13 and 3.97 average score respectively.
Finally, it discovered that facilities and environment were factor that affected on the
entrepreneurs’ satisfaction as statistically significance.ing

Conclusions: The clients had satisfaction on the services at satisfied, also facilities and
environment effected on satisfaction levels, especially, modernization of technology that
provided services. As a result, the One Stop Service Center in Provincial Public Health Offices
should improve facilities and environment for services to increase clients’ satisfaction at most
efficiently.

Keywords: success, satisfaction, entrepreneur, One Stop Service Center, Provincial Public
Health Office
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ymiadeiinaronufisnelavestiusznouns
fansuu3ng Jeudszanal wa. 2563

52 gUITNISIAY
3511579
WunisAnw el

U3EUNsUasNgun29e19

15 fusznaumsvieriilésuneumne
NnFPuReTNIUUINMIgUIUIAIHER U8
gunmidaLada aae.unssvdn senineiud
20 NUAMUS - 30 Wwey 2563 31U 547 518
1975 AnEeNF0E19MUY purposive sampling
fFufidTmnsAnunaznsendeyansuiy
fvnangusogaivangan 231 fegn finu
\Jesiufesar 95 mnumaLAFouTeYay 56
\3eaiio

1. wuuduiinguduInIsHanSsiguan
Waasavesnguauduasesusinanazindsy
@530 daniaunsivdnn deyadidaiiu
¥ engfsznaums Swauadsiiniuuing
szeznaminAnsoauiulueyan e e
M3 MwvmdsaauUsENUNS Ussavedns
UszLamizesiisnduresynn uazvhteiiuniu
YBTUUINT

2. wuvasunumufienelafisise
nslausnisvesdiinauansisugudmia
uAsTIYEIN UszEnAanguUsUINTHER iU
guamlaaiienguauduasesiuslan o,
I#msraaevanunsudadomandiBoany
5 YU kagNAAUAUNAUAI9E1 30 918 LA
duszavsueanivesaseuuiaiimedesiy
0.976 UaglIUNTNINTUITLFTINITEINAUE
WAILIYINITAUAVAIN a9, UATIIVAN T3
KHE2020-007/2563 wuudeuniusznaudag
duil 1 Yoyavily @il 2 mnuiianelase
M3WIUENITTIUIU 23 18 4 viuIn fe NSWIUSNNS
voudwihd 6 4o nszuruns/dumenlunis
TU3nns 8 4o uavdssuieanuazaInuay
ANNLINRBY 8 U0 uarnINTINNITIRUTNIS
1 40 uazdnd 3 anuAniiufeafunsiify
U313 Wumauvanaidn
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Teudni

1. M3fflun1sdnse o gudndnsios
gunwdnaia vaneds fusznounsiinduises
yooyqm vioudluasunlanfeiusdngdousi
quan ol Audndndasiavnimdaase lasu
sfimsaaaAumiifUssnaunsldtumnaely

2. masiunisdnsanuinaiszey
nandifmun vieds guszneunssuiuns
JuisesveaygInaniuUsznauns auldsy
Tuoygn auUsziamuazszoziliiufnue
oA uems liviiu 60 Tw e ldiiiu 45 u
nuingdunse i 60 u snuedesdrons
laiiAu 60 Hu nueFesilounmelaiAu 60 Tu was
srugamumena lidu 67 Yu Taemsdnwi
szthiausianzuiiiinngzanugegn S
3 JUAULIN
n135uTIudaya

Wiusausdeyanaudusalunis
AndunuguduInsuandusiguamiiaass
serinelauussanal w.e. 2561-2562 10unis
ANYITINTIUU UaETIUTIToYaUUUABUAY
FUszneumsisnAnsievesutinis a gausuidiy
AufianelavesguduinisilnGse aaq.uns
v faeisadingla daus 20 nuARLS - 30
WYIEU 2563
nsAATIEvidaya

1. I¥ad@mtanssaun (descriptive
statistic) léuA S1unued drfesay Aads
drudoauuansg (SD) Asiseg i Afide
senI19mI9lng (IQR) @i Mann-Whitney U
Test, Fisher’s exact Wag Stepwise multiple
regression analysis

2. Jnsgidoyadnadvauiiemele
MUULIAAYDY Likert’s Scale wuy 1-5 InszAU
sondusunsaia 5 $u Fuazivin 9 Au Ineg
Auwanafidelunisudsan 5 seauasuuu’

2e
=De

ANAAY 4.21 — 5.00 WU1889
Anuianelasnian
ANRAY 3.41 — 4.20 VL8NS

AURawelawnn

Aade 2.61 - 3.40 Meds
Anufanalauiunans

Aade 1.81 - 260 Meds
Anuianelatey

Aade 1.00 - 1.80 nueds
anufisnelationiign
NANISAN®

1. dadauanudnsalunisivinisvasaud
Usnsuansasigunmilogsa

NANISANYINUIT USZann1sianunsu
UIN5URUTENDUNTS 8 AUSUSINENSD
guamdaiasalugae 2 U @eudszana we
2561-2562) \unsidaniuuinisiiguduinig
wAdoray 67.95 wazn1siuusnistaeiSTnsdn
wds¥oray 32.05 Ussnnvasmsdnuniuusns
a9gn & Audinig luA matanidievesieany
lueugn fevay 31.71 s99aeu7AD N5
Wioremuuzin Sosay 24.51 nsdiuie
veoyanludAgysng o Seuaz 20.85 133y
luauniegay 18.27 n1sududnluaugin
Soway 2.93 uarmsuiadesdessou fovay 1.73
AUARU tazludiuresUssnnnsuesuuinis
Tne5Insny 1 un1svemuugdl warn1shas
Sosdoudeu Sevaz 99.52 uaz 0.48 AudFU

SleBeuiieusaundwesmsliuims
S¥IINTIUUTZUIU WA, 2561 LAy 2562 WU
fisudusznounsfidianduuiniaiuty
agefitfddynneadffl p=0.009 druAdnu
dnsalunshiuinisungusenounis wuan
LﬁuﬁﬁuaéwqﬁﬁaﬁﬁﬁmmmaaLﬁuﬁuﬁ' p=0.003
Fap5197 1
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A519Ti 1 AuuUINsHazANdSveINIT SN Jaudszanas we. 2561-2562
Uszeam - Smiuni (%'aﬂazi 1he p-value*
U 2561 U 2562
astdunsuuinng 5,649 6,106 5,878 0.009
1. 3nFuuinisiiguduing 3,778 (66.88) 4,210 (68.95) 3,994 (67.95)

- A3UBBYYIN 851 (22.53) 814 (19.33) 833 (20.85)

- N3VALULIN 1,025 (27.13) 932 (22.14) 979 (24.51)

- msSeadou 59 (1.56) 79 (1.88) 69 (1.73)

- soangluayyn 1,246 (32.98) 1,288 (30.59) 1,267 (31.71)

- mssuluayan 492 (13.02) 968 (23.00) 730 (18.27)

- msudadntuaygn 105 (2.78) 129 (3.06) 117 (2.93)

2. SUUamslaeisinsdwi 1,871 (33.12) 1,896 (31.05) 1,884 (32.05)

- A3VIAULN 1,858 (99.31) 1,892 (99.79) 1,875 (99.52)

- MsSeuiuu 13 (0.69) 4(0.21) 9 (0.48)
anudnsalunsiiuians 5,612 (99.35) 6,089 (99.67) 5851(99.51) 0.003
1. anFuuinsfiquduinig 3,741 (99.81) 4,193 (99.60) 3967(99.71) 0.002
2. SuuinslaeislnsdAni 1,871 (100.00) 1,896 (100.00) 1884(100.00) 1.00

*Fisher’s Exact Test

\delingidndiuanuduiauenauuszinnnsvesyalu 3 ddunsn wuin seiu
audFanueafistuaniesar 92.61 Wufesay 97.06 siumm@SIURLTUIINSoYaY
98.63 1uoray 100.00 warsrduANALSILAN B TATL U TUIINFeray 97.20 1Ty
Sovay 97.74 Fuiaualaifitfoddyn1eedn p<0.05 fm1edl 2

M15199% 2 dadumudnsanisliuinisdiuunaulszavailunisveeyyin 3 Suduusn

Uszinnvasdusznauns (Fnsa/veeynn, (%d159)) U 2561 U 2562 p-value*
91913 213/230 (92.61) 132/136 (97.06) 0.103
81 72/73 (98.63) 62/62 (100.00) 1.000
AUV 208/214 (97.20) 216/221 (97.74) 0.768

*Fisher’s Exact Test

syoziaildlunisuanuasdndiu
AUALSIVBINITVRBUYYIN B AUTUINIS
wanfasiguamdnaialuleulszana w.e. 2561
(520 579) Ay 2562 (430 578) WU SrezlIal
fldiilemsvosugnwiiusgil 36 Su Weusn
AUUTZLANIU 2 duAULsn wualud 2561
Aueldsrezinanade 41 Su el
40 Ju warlul 2562 uenldszoznaads

40 Su MueMwas 40 Su Wewssuiieu
srozafildlunissniunisdidavenis
YRBUYINUAINTILLATUENANUUTELNNIY
SEWINeU 2561 Uag 2562 wun Mifimnuuaneneiu
aeafidudfyneadif p<0.05 Tneuseuan
ufinanissiunsdiSamussznandicmun
gean 1fun amuens famstei 3
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A19197 3 szezanfildlunisiulueunn 3 Suduusn

Uszmaniiunis S Fuiildlud 2561 SruauTuildlul 2562 p-value!
median max min  &153ANUNA1 median max min  &5ANNHEN
(IQR) (n, $oway) (IQR) (n, 328a2)
T28LAITUUINNGTI 36 (27) 517 1 448 (86.15) 36 (30) 412 1 378 (87.91) 0.497
1. 1U9MNT 40 (28) 231 1 185(80.43) 40 (27) 412 1 111 (81.62)  0.470
2. e 41(32) 517 1 55(72.37) 40 (29) 177 9 46 (74.19)  0.767
3. UADUNYIUA 32 (26) 223 1 201 (93.93) 31(29) 126 2 207 (93.67) 0.960
M4aiR Mann-Whitney U Test iSauifleunanads
2. MsUszliuszauauNaelanazUaldenina a15199 4 (99)
famUNInalavesdusznaunns S : .
o :‘.l D e | R anumxwﬁnm FI1UIU EBEGH
2.1 dayanalu ngudiegnediuay P T
| (= a o —
231 918 mu‘ngLUumeaﬁ 39882 61.9 WA - Usgaufinw 5 2.16
e Sovay 38.1 @1eiade 37 U ineundinsosu - HOBAn 26 1126
a  w o o a o - auUInan 5 2.16
MSUINNT Seeae 73.16 dMsAnwseauUSeyng - ey 5 eest
Savay 66.67 deunudluaniuusenaunisidu - gandiaed a1 17.74
v a v & Yo ﬁ‘]LLWijﬂ;‘uaﬂ’lu‘UiZﬂaUﬂﬂi
L1VDINANTT 988 42.86 T9I9UWUUNTUNDU Y -

o e o - y Y - LRIUDININIT 99 42.86
91UNAIDYAY 33.77 NAUUNINTTIDYAY 9.09 - fFuneugun 78 3377
Uszlnnve909anssJusunuuIaInIaeny T RPTUNINTS 21 9.09

a o v 10 - sy 19 8.23
(U3Yn/nan.vau) sosag 48.05 99a3u1laln - dwihiianssaan " 6.06
UARASITUAT $88AY 29.44 MUIBIUTIYNTT Usznvasding
P Y 1 { v a 11 - S /AR,

Sesay 17.32 nauiieg 1 ai1unAnsoduiin NTUUIE/ 1IN/ maL) 1L 480
q - YUAAATITUAN 68 29.44

[ v v ]

WunUIznoun1T9111s 7088y 48.05 wag EIUSITNS 40 17.32

Husenaunsiuen Seway 25.97 idenidiin - Samiagay 5 261

o = VoA v o =1 - §flamia 3 1.30
VDIVUINTITNUIN LNYIVDINUNITUBDIU Umgzym - ansel ) 087

o w 4 < o
wazludAny Sovaz 38.53 sesasuiiuvem - yails 1 0.43
UsneuazAwuzil Seuay 30.74 BUAITDUTD A 1 043

v y I Uszianvaizasnanguvaayyn
WUUNDIN 308A 27.71 ANRNTNY 4 o 1 4808

I L -8 60 2597

A5199 4 Jeyariluvenaudieg (n=231318)  anumea 20 1039
i - -8u 22 952
ANYULNANY median IQR - pdasdans 1 476

21y V) . 37 15 - imQaaﬂqwéﬁa%MLLazﬂizaﬂw 2 0.87

Fruuassisnsuusnstuseu 1 U 2 - ipdpailounmd 1 0.43
Fuuasaiinsuusnsluisesiunfinse 2 Fdafiuntuvauusnig

szezanflasuluaugn (Ju) 10 29 - Sulveuge/luddy 89 38.53

. Yewas - amuuzd/musnw 71 30.74

WA - Burve/wuunlasy 64 27.71

- e 88 38.10 -9U 9 12 5.19

- N 143 61.90 - grszAnUTu/assusey 6 2.60

UsziRnisimeuninsesuusng 169 73.16 - B95paspasuu 2 0.87
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2.2 szAuANitawelavessznauns
WUl luamsiumen1sunlgusnag azuuu
\ade 4.18 ogflusziunruiswslaun Weuen
Aanufanelaidusieny nuindumsliusang
voudmihiifinzuuuadsgeaail 4.38 Azuuy
sesaan Wugunszuaunsiuneulumslsizms
4.13 AZWUY WAZAIUAISILILALAZAINLAL
ANNINGDY 3.97 AZIUY ANEIAU

Sloduuneruuumesuuazssiuiionels
aumnalifusnng wussdl

we 1 funstiuinisvesdimeii
frudianelasgisziuanniian azuuulade
gefian Ao AudedndqainlunisufiRuiig
|8y 4.48 $9389N Ao Anuauwglung
UjjiRem uaznslideyaduuziitaauasumu
gndeadilaseuaznseUszifiu 1ade 4.40 uaz
4.37 iU AzuULTIEFuifian fe A
wlaldnseiodosunazndauliudns wde 4.3

NUIA 2 ATUNTTUIUNITUAZTURDU

lunslviusnis fiauiianelasglusyauuin
AzuuuLadsgefign Ao nslwuinns mssena
Tnquszashdanugndesuazasuiou lade 4.27
so9a9u1 szeznaInsiuinsdulunugiie
UsgrsunuiildFuuds uagarmazainluns
gomuugihInwandmiig e 4.16 uas
4.15 puddiy AzuuuTefudifianfe A
azanlun13teRu 1wy Traneteanislides
1#i3uan Lady 4.06

WIA 3 FMUAISILIIANLATAINLAL
annuindey auitanelaluseAunin Az
\avgefianie anufiilanudasnfoazein
Boufesuavuaainfiome a 4.12 s09a0n
AUALAINVDIYBINNNITUITIUTNT Lay
ANULTTgINBYRILUUNBTIENATATBA 9
AAgrtosiun1suINg Wde 4.06 uag 4.04
MudFU AzuuuTEf U TianAe auviuar
vounaluladftunldliuinig 1ade 3.82
Fapn3197t 5

A5199 5 AZLUUANUTINelaTeAUkaLSEAUAUNINE TR

Azuun  s1waufiienela*
RUIANTIAUINS - v szAuANUNINe e
X/SD (So8a2)

1. funsTiuimsveadmii 4.38/0.790 (87.66) anudianelanniign
1.1 MIuimegiazyainam 4.36/0.842 201 (87.01) anufanelanniign
1.2 A770gn M A381015870 4.36/0.948 195 (84.05) arwiianelanniign
1.3 anuelald nszfefedu warniauliusng 4.34/0.903 202 (86.70) awiianelanniign
1.4 mslifeya/fuuzihdniau asudiu gnies iiiladeuaznsaUsuiiiv 4.37/0.801 205 (87.61) aufisnelaunniign
1.5 a3 Anudruglunisufifen 4.40/0.831 207 (88.09) mnudfianelaanniian
1.6 mwidngaaialunisufofudhil iy liBenfuvemeuunmmdeduuy  4.48/0859 209 (88.56) aufisnelauniign

2. funszuauns/Aunelumslduinms 4.13/0.890 (82.68) puianelaunn
2.1 arwazmntumsveruuzi/dinvand i 4.15/0.968 182 (76.79) Aufanelaann
2.2 dutuneu Saeu wilede ligwndudou 4.10/1.016 184 (77.31) Anufisnelanin
2.3 arwiasan sndslumsvetuenans 4.12/1.048 177 (74.06) pwsnelann
2.4 m3saninsmuazuioliusnmaduluaudfunou-nd 4.08/1.027 172 (71.67) anufianelaunn
2.5 ANUEEAIN MItAnLBLiISuUINIS 4.13/1.020 178 (73.86) aufianelaunn
2.6 nsiuinsnsnuingUssasd anugndesuasasuiou 4.27/0.927 191 (78.93) aufanelainniign
2.7 szpzamidlsiuimsiulumugiieussmmwmuilisunds 4.16/0.979 181 (74.49) Awfsnelann
2.8 ANuEzmINluNMITIsERY W Svanedeane lidesdd@uan 4.06/1.015 169 ( 69.26) auflanelaann

3. FUAIBILIBATNAYAINLAYANNIINE DS 3.97/0.906 (79.30) aufianelaann
3.1 AUAZAINVBITOININITLINAIUINS 4.06/0.996 171 (69.80) puanelan
3.2 apnukigsnevestesnslunisliuinis 3.88/1.044 157 (63.82) pwuisnelann
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15199 5 (99)

Azuun  s1waufiieanela*
RUIANTIAUINS - v szAuAUNINe e
X/SD (S08a2)
3.3 arunfisawevesfitisesuuinis 3.92/1.070 158 (63.97) auflanelaann
3.4 auflanorsuuUnesL tenansaiiora q MAuidestuuinis 4.04/0.997 172 (69.35) Anufianalainn
3.5 aruiuasivresneluladfanldliusns 3.82/1.071 151 (60.64) pwisnelan
3.6 aviisswevesthe/dydnual/Ussmidsng o Vi‘lﬁﬁaa&aaﬁ'mﬁw‘%mﬁ 3.89/1.035 156 (62..40) aufianealaunn
3.7 aouiiiinrasnds aveniSeuien uaviasaiadivane 4.12/0.984 178 (70.92) Aufianelainn
3.8 &g A mdgaINBL 9 1u Qﬂu’%miﬁfﬂﬁm ivensn 4.00/1.040 162 (64.29) Anufianalainn
4. mwmsaenslusms aruiewelalunmswsenisuleusngs 4.18/0.900 186 (73.52) puiisnelann

*neie S1uukazievasfimeladuuenufitelavesiilszneunisivsediuarufisnalalusedu 4 way 5 dednnuguszneunis

= a P £
AUszfiuauieanelanianun

2.3 AudunusvaIRLUsAUTEAY
AIUNIND LD

dlaveaeududsene q Tngldaunis
maaawmm%mé’u (Multiple Linear Regression)
fiszdutuddamneada 0.05 lnefisaulsdasy
lyfiauduniusfutes (Multicollinearity)
NANISANYINUIN A1 VIF (A2uUsusau:
Variance Inflation Factor) ¥83uuin 1 61U
mslusnsvend g vuam 2 funszuaunis
wazsuneulumsliusnis uazmuan 3 druds
SNUILANUALAINLATANINLINADY HAT 2.048,
6.574 Lag 1.000 MUA1AU wazA Tolerance
VBIUNIN 1, 2 way 3 3An 0.488, 0.152 uag
1.00 wanslAiiud1 Auduiussewineuls
Sasziefuesiialan multicollinearity fe

W 2 {iesa1nen Tolerance Wiy 0.152
Faslendnlng 0 uenanty wuih muiewele
Tuusagmnaliauduiusludsuiniuanuiianela
sonmsanvesnsliusnig Tnededudseans
anduiusnmaawiiu 0.853 uaganunsaviiug
ANELNISVOINITIAT AT BAY 72.5

uagdanuN seAuANNianelafen N
Y0IN5IAUSNIsHANNENRUSAUANNINe Y
w1 way 3 oglidudAgnisaia (p<0.001)
uriAdssavsanduiuswnauostadosedy
Anuanelanuianelalulnasnuinnasesu
AU laRaAINTILVRINSIAUSAT WU
Tuipail 1 fiAnduussavsanduiusnygaos
ANUIINE LI 3 AeszAuAuRanelane
ANSIVRINTIAUINTeEidud Ay nsanA
(p<0.001) Fa915197 6

M990 6 dlsgansanduiusnyauvesladenemnasdeseiuanuiiswelanmsuvesnsliuinig

Unstandardized Standardized
fankUsvinung Coefficients Coefficients t p-value?
B Std.Error Beta
1 (Constant)” 0.956 0.153 6.228  <0.001
Wnad 3 fMuASIuEAAzEIINLAZANTNWIAGEY  0.814 0.038 0.818 21.556  <0.001
2 (Constant)” 0.209 0.176 1.184 0.238
wndt 1 frunisTiunnsveadimeiig 0.392 0.056 0.344 6.950  <0.001
Wnaf 3 fudeiuienuEEmINLAZENTNLINAeY 0569 0.049 0.573 11.576  <0.001

v o o

4

ey eadfnisedu 0.05, "luwmadl 1 Sidn F = 464.663 A1 p-value <0.001, “Tainail 2 Sie F = 304.463 f1 p-value <0.001
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gunmdnade nanSeudiousswihaleudssanu
WA, 2561 Uay 2562 wazn15ussiliuseauainy
fanelauaztladoninaronnufianolavesy
Usznaunslutauyssana w.e. 2563 lnanuin
daudl 1 msUszifiunadadauaudiionis
afiuauaudusnmndaiudiguamidaesa

1. UsziannisidnunsuusIn1sues
U32Nouni1s o AuduIn1sndndueiguain
Waadalulauuszuna w.a. 2561-2562 1y
nsisnsuUIMsTiquuinng Seway 67.95
waEN15v03UUINSIneI5INgAnN Savay 32.05
dewssuiieuunuadwemisliuins wui
fansuusmsiiinduegredifoddynisadn

2. ddruanudnsalunisliuinig
wuIniitueeh il dymeann Inedadu
anudsan1sliuinisuenauUszsaneu
3 FUAULINAD TUDINIT TULT UABIIUADY
WYV NUF08ATUBIAIINANTIVDN NI
Wity uilifiteddaymeadn

3. szozhaniildlunisdniuniaie
Uszilludndrumnudnsaveanisveoyyinlud
quUsTIN WA 2561 LAy 2562 wudn lafimany
LANANAUNERR TngUszLamauiisiiunig
Fuswnunusisyoznafifrungsiian loun
NUANUNGIUD TUBINT UASTUE AIUEAY
daufl 2 msUsaiiusziuanuianalouas
Jaduiiinasionnufieelavasifusznaunis

1. Azhuukagseauauianelaly
Mg wueglusiuanuiianelaunn Seuas
73.52 \ileduunmresunuin sumslivinig
vouimthiienufiawela selusefuesfiansla
innflandoas 87.66 Ineyndoegluseiunin
flanelaunndign drudunseuiuns/duneu
Tunsliu3nis uagsnudssmneauagmnuay

anwwanday Slanufianelessuuniisesas
82.68 way 79.30 FedanndasunanIsAneIves
ATy USMT wazamy (2552)° fifnwIA
flemelaglivinisludmindesimifin am
fanelanmyin Sovas 80.11 Inefianeladmithil
Jususunils sesaunfedunsunisliuinis
Zauay 80.2 uay 76.6 AMUAIRU STEDnAZDS
Aunan1sAnwINITIAUINsiudaindeunves
o30u31] a3audlos Tinudn fusznounsliay
fanelasuimhiglismageandususunis
sesaanldn AsvUILMSIaYTuRRUNSTLTLIY
wazAsenEANEzaIN Souas 84.60, 81.20 wax
79.00° wonanil dawudn fusznaunisiiaany
Aniuliusudsanisaniiunis Aensusuuss
ANNAZAINTIATIVBIUSNS Soway 11.69 Szuy
VANMIIDABISUUINT FoBaz 7.79 WazngAnssu
msliusnisvesdming Sevaz 3.03°

2. anuitanelavesusznaunisusiay
Usgtanluyae 2 ¥ wudn eudanuneiuia
finzuuuadogegn wiliumnsefueenedidoddy
msadn Insazuuuindseglurig 3.26 - 4.69
Ferenpdesiunsinuvesdsuiy UIs wazens
(2552) finuiravwuuaioanufisnelavesiu
AOUNEIVIAGER

3. ANMUAUNUSILNINIALUUUIIBAU
LagsEAUANURNINElY WU ATLUUAUATTIA
U3Msveadnthi sunsyuauns/suneulums
U35 FuBIsIneAETaInLayAwInday
warAzuUUANNNIWelIluAWT I Hauduius
funnve agrellledAgynisada

4. INNTIATIENOADDUNYAMULUY
Fumou 1iloesursseiuALAwela wuindl
Fulsdassiiannsodumusiusssuauiianela
Iaeg1aiidedAyneEia Ao AzLUUAIUSIUIY
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andunuguduinisnandusiavnindaasa
TaglUSyuUEUTERINUIUUTEUN WA, 2561
way 2562 nundndiuanudnsalunsliusang
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Abstract

Background: Most Thai People are devoid a health awareness, therefore, expanding people's
capacity to have literacy and correctly consumption behaviour on drug and health products
is essential.

Objectives: To carried out the effects of a developing drug and health product literacy and
behavior program in Nonghin community by using a network of home, temple, school and
hospital.

Methods: This study was a participatory action research approach that studied from October
2019 to December 2020. The target sample was 180 people who lived in the Nonghin
community, Khokkor district, Mueang, Mahasarakham province. Literacy and behaviour of target
samples were collected by using questionnaires. Descriptive statistics, Paired-t-test, McNemar’s
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chi-squraed test, pearson product-moment correlation, and stepwise multiple regression were
used to analyze data.

Results: It reveals that the developing drug and health product literacy and behavior program
yield the literacy and behaviour of home, temple, school, and hospital network score
increased significantly (p<0.05). The sample group had drug and health product literacy at
the “approve” level. Noticeably, the drug literacy score (3.93) was significantly that higher
(p<0.05) than the other health product score (food 3.89, cosmetic 3.72). furthermore, the
sample group had a food consumption behaviour score at the “approve” level (4.03, p<0.05).
Results of correlation between health products (food and cosmetic) literacy and behaviour
found a significant positive relationship with small correlation (r=0.30, 0.15, p<0.05) after
the sample group attended the developed program. Results of stepwise multiple regression
analyses of the pre-score shows that overall factors (sex, age, education, and occupation)
were associated with drugs literacy and the food consumption behaviour statistically significant
by r=0.11; F(4,175)=5.57; and p<0.05, and r=0.06; F(4,175)=2.67; and p<0.05 respectively.

Conclusions: Integrating the network in community that consists of home, temple, school,
and hospital for development program might promote sustainability of improving drug and
health product literacy. This program could also strengthen community to protect themselves
from fraud health products, and lead to decreased inappropriate the use of drug and health
products.

Keywords: literacy, behaviour, drug and health products, network of home; temple; school;
and hospital, developing program
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HaNISANEY
1. arwseudizesnslisuaznansiasiguamn
VB4LATOUNY VLS.
TUsunsunnsmuidnenmidiioasng
AUTBUIIATOYE UIS.5. Wiknnaudining
7 nqu taun Ussrivu agwazdniseu gUae
TsmiFesa fgeony finmuru/unu way eau.
wszfny guUsenaunsudy Suems Sum
e 180 Au Anwaziluresiiegig
ngutmangwuin wnnineds Gesay 69.44)

Adhsaimudnendumeands Jongsening

51-60 U aunsAnwsvavdseau Seuay 78.89
wazUsenauelninunsng Sevay 71.67
HANIANYIALIUUAINTBUINBULAY
wdmslilusunsy 15 4o finsoungumain
AVINTOUIAUD NS (T8 1-5) 81 (T8 6-10) Uag
wiosdens (e 11-15) wud fiamzaaseus
Tutszifusnueuaziadesdiens 2 4o ({o 7
1UfTurAosuisniau waste 15 1edosdions
aansadasInAumameld) A uugnou
gndesnaukazraanshilusunsulaiunnsaniu
autiudAyn19@dnT p>0.05 Faansnadi 1

A151991 1 Wisuigudnugneeutermniuinanuseuinuems 81 uaziasesdieenaulay

naINIRMUIANENNVBINGUAIBENS (N=180)

o

fiou VG
FWIUABY  I1UIUABU  IIUIUABY  I1UIUADY
A101UANTOUS Qnéiag lignday/ Qnfiag ligndies/  p-value?
(5owaz) Tlainsu (3awaz) lainsu
(3awaz) (3owaz)
21M13
1. Yemuuuaanv 11U 1A (2870 GDA) fmneanui 90 (50.0) 90 (50.0) 139 (77.2) 41(22.8) 0.0001
yuiususngunsauiiuansaani viuasuisiu 7 ey
2. ﬁzyﬁﬂmﬁﬁuﬁaLﬂ%‘ammaa’iyﬁﬂwmﬁmmm'i “waden 115 63.9) 65(36.1) 156 (86.7) 24.(13.3) 0.0001
aun W’ (Healthier Choice) fiagnulunansnusienvnsiisl
VBnasansewns i thana lusfu uazinde (uiew) Ly
Ysunasdicun
3. aannwinu 1 1AL (@a1n GDA) fe aamﬁuam%’amﬁaﬁmﬁu 127 (70.6) 53(29.4) 157 (87.2) 23(12.8) 0.0004
Amdenu thana lusiu wegladon (nde)
4. Msfuewnsiidisand vu Su du nAdluiliae 121 (67.2) 59 (32.8) 159 (88.3) 21 (11.7) 0.0001
audedlumsiialsaliifasoioss (NCDs) wu s
Tsnanuiuladings lsaiilauazvasniiion
5. nandasiownsiisidydnual “ymadengunm” uansin  63(35.0)  117(650)  90(500) 90 (50.0) 0.0045
Wundnsusienmsiianunsaiuanwilsile
&
6. amﬂmﬁadLLamLamﬁ"LUéwﬁmmsﬁwxLi‘aue‘fﬁum Wy 87(48.3) 93 (51.7) 145 (80.6) 35 (19.4) 0.0001
wunzideuend G 70/48 Taglideafinseuniomuny ee.
7. Tz Ao ewidniay 94(52.2)  86(47.8)  92(51.1)  88(489)  0.8974
8. msldeniTiuzetnmsundonseliifivadndu ewld¥y  152(84.49)  28(156) 168 (93.3) 12(6.7) 00113

fuRTI8INNTUIEN SBhlAAnA 1z EeReele
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fiou WA
FIWAUABY  UIUADU  IUIUABY  9TUIUADY
A10UANUTOUY gnéas laignéiny/ gnéas ligndies/  p-value?
(3owaz) Tainsu ($owaz) Tainsu
(Bowaz) (3owaz)
9. 9190 egnnaey sraulng iy ovlle pansy e 124 (68.9) 56 (31.1)  148(822)  32(178)  0.0043
mﬁmma”waﬁwQan'ﬂ%ﬂmvlﬁmiﬁmiiﬂﬁnwU'hﬁa‘aumam
ENGIGIEGR]
10. eniifdunauvesansaiiosess viliiAnsuasesossme 137 (76.1) 43(23.9) 155 (86.1) 25 (13.9) 0.0247
laun anudulaings nseanngu Aefu Aonsyan nLKa
Tunseiwzoing Aaune wihnauduamsyduns wdaduwuen
Wudu
\ASesd1an9
11, aannwandariniosdiens desdhavilususaudsuuamn 144 (80.0) 36 (20.0) 160 (88.9) 20 (11.1) 0.0259
12. wnldiatesdendailundousn msmadeunisuineuld 148 (82.2) 32(17.8) 164 (91.1) 16 (8.9) 0.0226
fremsmedndasiiuluuTinadntes ity
13. \widedienitgnsiudd fh il envaenavans 131 (72.8) 49 (27.2) 155 (86.1) 25 (13.9) 0.0037
vl 1wy anslalasailuu nsasiludn wie nsmindule
ansUsen asaiiesens BateliAnsunmesefmiilussezen
14. Msldipesdreniiflansdunsie wazarsinaldonils 134 (74.4) 46 (25.6) 153 (85.0) 27 (15.0) 0.0145
ARDINSTNNLABY WU N19TEAIBLADY LAULAY 8N H1a129
warainfiuAeTZUUBY 9 183931978 19U STULUSEEM
fiu o wavdswasiemsnluassald (Wudu
15. iedosdiosaunsanandeassnaumane Wy el 48 (26.7)  132(73.3)  39(2L.7)  141(783) 03135

any 70 15ndu wasteiivanssanmmaneld

@McNemar’s chi-squared test

2. WeAnTsUNISUSLaALILasNARA I HUN N
YOUATDYIY UIT.S.
mwisLﬁquamimaqmﬁﬂmﬁ
NUUVADUDN 15 U0 ATOUAGUILIANGANTTY
fuevng (o 1-5) 81 (4o 6-10) uazleosdions

(§0 11-15) wan1sAnwmuindedt 13 uag 15

(N5189NT0LATDIED19NIUNERE19TIALST kaY

A5 naUlLRDNTONANAUILATDIF1919910

nslawan) naueg1slduugineugnaes
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nau ViGN

FMWIUABY  DIUIUABY  TUIUABY  INUIUABU
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($ovaz) lainsu ($ovaz) lainsu
($ovaz) (Sovaz)
21913
1. 'vima'mamnmwﬁﬂ'auLﬁaﬂ%ﬁvammiﬁﬁagﬂﬁam?aqﬁm 149 (82.8) 31(17.2) 167 (92.8) 13(7.2) 0.0051
Tunwuzussyiivaain
2. uSsuideupumemsrnemnlasnnstowdende  132(733)  65(36.1) 159 (883) 21 (117) 0.0003
nanfmaimg
3. yhudendenansasiomns ffamnuansdadnuallarunnis 135 (75.0) 45(25.0) 162 (90.0) 18 (10.0) 0.0002

“ymadenguam” reudinduladonde

4. vinuguaannway ST Wi (aann GDA) wiedenes 121 (67.2) 59(32.8) 149 (82.8) 31(17.2) 0.0011
Tumnzaufuaues wu ovnsfiiusinaniaad Tusfush

Wil

5. YiuAueWNITALANAR LazvuNw Wy Yandu ldnsen 51(283) 129 (71.7) 90 (50.0) 90 (50.0) 0.0001

WAL FULLAN HBEN0Y YULTU NA2WUIIT 189

g1

6. feudern viugiaunsdousiuen WU RegNo.2A 71/52. 129 (T17)  51(283)  149(828)  31(172)  0.0169
7. viug i mﬁfuﬁLafummﬁﬂwﬁi"umﬁgﬂﬁaw‘%ahi feude 121 (67.2) 59 (32.8) 151 (83.9) 29 (16.1) 0.0004
guNulusI (W m‘fﬂ #19NNavY)

a 1w <

8. iflefesfusUfinuy viuRuAedefuauasumumueds 124 (689) 56 (31.1)  152(84.4) 28 (15.6) 0.0005
9. vnudeaudlawaniii nduaunsadnuwlsaldasey 45(25.0) 135 (75.0) 78(43.3) 102 (56.7) 0.0003
Insrawazsnulamevadiula

10. ﬁwu%@mgnﬂaau lsifiaamafousmsugnuniu 40 (22.2) 140 (77.8) 76 (42.2) 104 (57.8) 0.0001

LA3D9E1919

11 vhudendendnfusiiedosdoniifioanmwlvedifu 131 (728) 49272 150(833)  30(167)  0.0163
whifu

12, viweudeyauuamnudniosiieiosdions U§dhna 145 (80.6)  35(19.4)  159(883) 21 (117) 0.0436
3 uadliommusesinse TmudifiouiissyTegnansenin

13, vudendendnfusiiniosdoniliuduiiunaldosns  32(17.8)  148(822)  48(267) 132(733) 00722
T wu wihanlatunely 3-5 fu

14, viungplindnfasiniodonsiud vinldudaflmnuiia 127 (70.6)  53(29.9)  128(711)  52(289) 1.0000
UNR 1y AnituLas Andann uauFousuuse

15. vuazdnduladondernsnsiedesdions annslenan 27 (1500 153 (85.0) 39 (21.7) 141 (78.3) 0.1262
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OMcNemar’s chi-squared test
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LASDIFNB NN DULAL AR LUTWATUN AL WU

Y 1

ngusegsiinzuuuamiifintunnmnnegng
fifuddvneada (p<0.05) Useifiuiiinaula
WU AzkuuANINenaInsidlusunIuves
nauiegnafindsaziuueglurig 3.41-4.20

avviouliiiiuauseuiegluszau “uin” lag

ynnANusBUSTUsasiiAzuuLRAgendY
MR WMSLATIATEIE101 AD 3.93 AxluU
dowSeudisunnuuaninsiadees
AzLUuNnAnTTUnouMasndslilUsunTIilaU$u
Wabunginsy wuh nauiehedipsiuudiudy
aglited Ay neadflunnvdig (p<0.05) lng
MINeWNIRLlUTEAU “U1n” Ao 4.03 AvUUY
uazflnzuuugsnienaziasesdionsioglusziiv

“Urunand” f9mnsIen 3

M15197 3 AZLUULRALAINTBUIUAENORNTTUAIUY LAY NN UIFUN NN ULAE NAINGUAIBE1

WrsuNsHaunlUswasy (n=180)

AZUUULRAY (mean + SD)

UUIN - ” p-value©
oy WA
CRRHERITH
21M15: 90 1-5 2.68 +0.12 3.89 +0.83 0.0001
(Uunang) (1n)
g7: 98 6-10 3.30 + 0.11 3.93 +0.85 0.0001
(Uunang) (1)
Lﬂéaﬂﬁﬂmﬁ: 9o 11-15 3.36 + 0.11 3.72 + 0.07 0.0015
(Uunang) (1)
WHANITY
21M15: 90 1-5 3.27 +0.11 4.03 + 0.84 0.0001
(Uunang) (11n)
#1: 99 6-10 2.55 + 0.09 3.36 + 0.09 0.0001
(tio®) (Wunang)
\n3eadione: Fo 11-15 2.56 + 0.09 291+ 0.09 0.0030
(ORR) (Wunang)

Paired-t-test

3. ANUANNUSTENINIANTDUSLAT NG ANT Y
wadldlusunsumurdnniwiitossianany
59USVNATEYIY UITT.
NINAAUANILFUNUSTENINIATIUY
ANUITUAZUUUNGANTIUAIUDINIT 81 UaY
1A3e3d1919 MU AzLULANLS TUAZILUL

WANTTUNAINTIIANUTALIMTUATLATES

donwwesnguiiegaliauduiusiuegdl
HodAyeeia lnodiseauanudunusidsuin
Uy small correlation (r=0.30, 0.15, p<0.05)
Bsansnsnosurgledn madidrsauntsdinendl
AzuuLALTaUsRdINslE S TU TSIty
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a1y Eda (r=0.06, p>0.05) a@unsaesunglan
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TUsunsuiindu a1aazlidimanansuuumisin
NOANTIY AEAZKULUNIIAUNGANTTUDNANUTY
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M13197 4 AuERUSIEINANUTaUI kAT N AnTsUvaldlUTUN SRR AN nLeas9A

J9UFVBAUATONY UIT.S. (N=180)

ASNAFIUAUFUNUS Pearson correlation coefficient, r Strength of Association p-valued
91119 0.30 Small correlation 0.0001
81 0.06 Small correlation 0.4292
w3nsdo 0.15 Small correlation 0.0406

dpearson’s Correlation statistic

4. Yesuildanadanzuuuninusouiuasnginssy
ATUGVNN
HANITIATIZTANFUTUEY0ITTE
Fua 818 MSAN WareTn Ndswasienzuuy
AUTOUTLATAZUUUNGANTTU NOULATNE
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LAz INTIdsHARDAZLULANTIU LA ALY
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oA twe 918 N13FnW wazen

y AoAY8IALUIANN tAWA AT
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MSHRUAUNAUAIBENS

b, ABA1AST (constant) YBIAUNTT
annay Multiple Regression

b, fernduusAvisnisannes (regression
coefficient) N UsBaTTUABLED LAlN Lve
918 NIANYY Uara IN

4.1 Jaduildenasionzuuuninusoud
ANUHBANUTFUNIN

HaNITILATIZINY multiple regression
wuin neuldsulusunsy amsiumndade (e

£

918 MIANY UAva1IN) damasieAziLUAINTaUS
Augegeitdfyneata (°=0.11, F(4,175)
=5.57, p<0.05) wazlidmasonzuunninusous
Fupnsuazieiesdens demnianesilusesy
Uadedoanuin ergdawasgaildudAynieada
FOATLUUAILTOUIAUYN (p<0.05) Largriy
nsfnwadINaeg Nty Ay 1saianoAz LY
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A13199 5 Jadeiidanadenzuuuanuseuiiuewasnindusiguamnoukasndinstrlusunsu

MsiaRANgANAUNGY (n=180)

Aauds B BETA

F-ratio test
(4,175)

R-squared p-value®

Before  After Before  After

Before  After

Before  After Before  After

91U

L 053  -0.04 0.16  -0.002 0.033 0978
21 0.08 0.02 0.11  0.038 0.162  0.632
nsfin 011  -0.08 0.06  -0.065 0.479  0.458
TN -0.08 0.06 -0.06  0.068 0.469  0.461
Constant 1.43 3.86

Jadasau 0.04 0.01 1.87 0.34 0.117  0.849
81

L 022  -0.26 007  -0.10 0311 0.168
01y 0.23 0.06 0.33 0.10 0.001  0.176
AsANEN 0.23 0.14 0.14 0.10 0.101 0.227
017N 016  -0.07 0.10 0.10 0.119  0.366
Constant 1.46 3.88

Jadasau 0.11 0.02 5.57 1.08 0.0003  0.369
\ASesd1a19

LI 015  -0.10 0.05  -0.04 0.494  0.948
21y 0.15 0.02 0.23 0.03 0.004  0.657
A5ANEN 0.28 0.04 0.17 0.03 0.050  0.687
01T 004  -0.01 -0.04 015 0.652  0.866
Constant 1.70 3.59

U9 0.07 0.01 3.58 0.08 0.987  0.987

“Multiple Regression Analysis

4.2 Yadefidenanonzuuunginssy
AIUNAAS AU

HANTILATIZIIY multiple regression
lungudiega 180 Au nuneulasulusunsy
e ansuyndads (we 1y n1snw

WALDITN) dNasDAZLUUNGANTIUNITUTIAA

p1inseeeilfuddynsana (°=0.06, F(4,175)
=2.67, p<0.05) Fomnimseilusesutadodes
wuladeiuenIndinasgniltud1Agnieaia
AOAZLUUANNUITTNGAAIUDINT (p<0.05)
windaannlesulusunsundmuindadomand

LaifinanaazuuungAnTsy AI13199 6
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MINAUANSAINAUNGUAIBEN (N=180)

Aauds B BETA

F-ratio test p-valuef

(4,175)

R-squared

Before  After Before  After

Before  After Before  After Before  After

91U

Ll 044  -0.05 013  -0.02 0.071  0.760
21 006  -0.07 009  -0.14 0.244  0.081
nsfin 0.12 0.06 0.06  -0.04 0.445  0.595
01T -0.29 0.06 -0.24  -0.09 0.008  0.282
Constant 2.52 4.57

Jadasau 0.06 0.03 2.67 1.67 0.033  0.159
81

L 0.09 0.37 0.03 0.13 0.658  0.077
01y 008  -0.03 012 -0.04 0.121 0575
ASANY -0.25 -0.53 -0.15 -0.03 0.070 0.688
017N 003 -0.02 003 -0.01 0.726  0.833
Constant 3.47 3.05

Jadasau 0.05 0.02 2.14 0.90 0.078  0.462
\ASesd1a19

LI 0.09 0.35 0.03 0.13 0.643  0.092
21y 005  -0.04 009  -0.07 0.261  0.383
A5ANEN -0.11 0.05 -0.07 0.03 0.404  0.689
01T 001  -001 001  -0.01 0.908  0.939
Constant 2.93 242

U9 0.01 0.02 0.55 0.97 0.697  0.427

fI\/lulﬁple Regression Analysis
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Abstract

Background: Improper use of antibiotics is a leading cause of antibiotic resistance in Thailand.

Objectives: This research aims to study antibiotics use behaviour and the relationship between
knowledge, attitude and antibiotics use behavior among undergraduate students, Mahasarakham
University.

Methods: Stratified random sampling was used to recruit participants. The participants were
120 undergraduate students, academic year 2020. Data were collecting by a questionnaire
that was divided into four parts: (1) demographic data (2) knowledge of antibiotics use (3)
attitude of antibiotics use and (4) antibiotics use behavior. All items had IOC values of 1.00.
According to the reliability the knowledge part was tested by the Kuder-Richardson method 0.70
and the attitude and behaviour part were used Cronbach’s Alpha (0.75 and 0.86 respectively).
Data were analyzed using descriptive statistics and Spearman rank-order correlation coefficient.

Results: The results revealed that the mean score for antibiotics use behaviour was at good
level and knowledge and attitude were significantly positively correlated to antibiotics use
behaviour and statistically significant with the level of p-value < 0.01 (r, =0.436, and 0.480
respectively)
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Conclusions: Universities should develop rational antibiotic use learning programs or training
courses for improving undergraduate students' knowledge and attitude of rational antibiotic
use. Thus, undergraduate students can use antibiotics appropriately and have good health
outcomes.

Keywords: knowledge, attitude, antibiotics use behaviour
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