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Editorial

Global COVID-19 situation since 31 December 2019 to 21
June 2023, according to the WHO report, was found that the total
number of infections worldwide was 768 million cases, with approximately
6.9 million deaths. This trend seems decline continuously. Over 13,461
million vaccine doses have been administered in most of the population,
including Thailand. WHO has declared an end to the global public
health emergency of COVID-19, however it is emphasized that good
measures to cope with the disease is still necessary because the
disease does not get to extinction. This is in line with the public
health announcement of Thailand on downgrading the disease to
“a communicable disease under surveillance” and an annual vaccination
of one dose per year to prevent severe illness and death is highly
recommended. The vaccination could begin before rainy season,
starting from April 2023 onward. Recently, the number of new deaths
worldwide in the seven-day period was 1,161 cases, while in Thailand,
this was 36 cases; the average of 5 death cases per day, from an average
of 236 infection cases per day. Therefore, the COVID-19 vaccination is
still extremely important.

In this issue of the Food and Drug Administration journal, there
were interesting new articles to learn from, for example, a research
article on the comparison of SAR-COV-2 viral load determination by
counting the number of plaques and testing for infection in cultured
cells by 50%, an article on the occurrence of adverse events from the
COVID-19 vaccine at Sribunruang Hospital, Nong Bua Lamphu Province,
and an academic article on the preliminary proposal for guidelines for
the approval of high-risk medical product registration in Thailand.

Lastly, we, editors, would like to encourage everyone to stay
healthy, wear medical masks in public or close areas, keep proper
physical distancing, wash hands frequently, and take other measures,
including the annual COVID-19 vaccination.

Thanakrish Prasertsarn
Thai Food and Drug Administration Journal Editor
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Abstract

Background: The increasing COVID-19 pandemic has prompted more vaccinations. These
vaccines were being developed and produced urgently. There was still limited information,
as well as a lack of information on its use in clinical practise, especially in Thailand, including
available adverse event information that was only available from the manufacturer.
The researchers therefore foresee the benefit of the adverse event data found in each

vaccine for surveillance and protection.

Objective: To research the frequency and attribute of adverse event following COVID-19

immunization.
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Methods: This research was a cross-sectional descriptive study from 1 June to 1 December
2021, using adverse event data recorded from the Patient Monitoring Services Information
System database (HOSxP) of Sriboonruang Hospital, Nong Bua Lamphu Province, Thailand.

It was analyzed by breaking down the data into frequency and percentage.

Results: A total of 82,349 doses were recruited, and 646 cases were reported following
immunisation. The prevalence was 784.47 cases per 100,000 doses. AstraZeneca® was
the most frequent; the prevalence of AstraZeneca® was 843.39 cases per 100,000 doses.
A total of 37 serious adverse events were identified: 19 (51.3%) cases related with
Coronavac®, 16 (43.2%) cases from Aztrazeneca®, and 2 (5.4%) cases from Comirnaty™.
Two deaths-acute liver failure associated with the AstraZeneca® vaccine, and acute
leukemia (severe thrombocytopenia) from Coronavac®, were considered probable. In
addition, most common serious adverse events were stroke: 12 cases, from Coronavac®
8 (66.7%), and 4 cases from Aztrazeneca® (33.33%). The first dose found more severe
adverse events than other doses. A total of 609 non-serious adverse events were
identified, of which 1,251 symptoms were reported. The top 10 most common adverse
events were classified as dizziness, accounting for 11.26% of the total number of events.
It was followed by headache (9.90), nausea (9.27), myalgia (7.75), colic (7.59), chest
tightness (6.47), numbness (4.48), fever (4.71), injection site pain (3.91), and rash (3.43),

respectively.

Conclusion: Prevalence of adverse events occurring after the COVID-19 vaccination
compared to the amount of vaccine injected was low. The majority of adverse events
were non-serious. However, serious adverse events, although rare, were life-threatening
and caused disability Therefore, it is necessary to follow up and be vigilant in order to

prevent incident that may occur.

Keywords: COVID-19, vaccination, adverse events following immunisation
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F: Melioidosis Possible (1) 1 1 - - - 1
F: ISRR Probable (3) 3 2 = 1 - 3
F: Rash/Urticaria Probable (2) 2 1 1 - - 2
F: Malaise/fatigue Possible (1) 1 - 1 - - 1
l: Acute leukemia (Severe Probable (1) 1 1 - - 1 -
Thrombocytopenia)
F: Malaise/fatigue Possible (1) 1 - 1 - - 1
F: Fever & Chill Possible (1) 1 - 1 - - 1
F: Stroke Probable (2) 2 - 2 - 2 -
F: Acute Myocardial infarction Probable (1) 1 - 1 - - 1
_u; F: Cellulitis Probable (1) 1 - 1 - - 1
2 F LGB Probable (1) 1 . 1 - - 1
F: Severe Nausea/Vomiting Possible (1) 1 1 - - - 1
F: Severe headache Possible (1) 1 1 - - 1
F: Severe Thrombocytopenia Probable (1) 1 - 1 - 1 -
F: AOSD Probable (1) 1 - 1 - 1 -
Il: Acute liver failure Probable (1) 1 - 1 - - 1
& F: Stroke Probable (1) 1 - 1 - - 1
39U 37 19 16 2 11 26

SV= Coronavac® vaccine, AZ= AstraZeneca® , IRFI=lImmunization related focal neurological syndrome, AOSD=Adult-onset
Still's disease, PZ=Comirnaty™ vaccine, ISRR= Immunization Stress Related Response, ITP= immune thrombocytopenia,
LGIB= lower Gastrointestinal bleeding
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Abstract
Background: The Corona Virus Disease 2019 (COVID-19), which causes from the Severe

Acute Respiratory Syndrome Corona Virus (SAR-CoV-2), is an emerging disease that several
organizations have tried to develop vaccines against the viruses and therapeutic medicines,
including specific anti-viral drugs. Therefore, viral cultivation and quantification are necessary
for the laboratory testing. Most of common methods to quantify the viral titer are the

Plaque and CCIDs, assays.

Objective: To compare the quantity of the SAR-CoV-2 and the consumption resources test

between the plaque and CCID50 assays (original strain).

Methods: This study was an experimental research from March to June 2020 by comparing
the quantification of the SAR-CoV-2 between both methods using the same virus set at 80

tests in the same period.
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Results: The results showed that the geometric means of viral titers determined by the
plaque and CCID50 assays were 5.97 log PFU/ml and 6.00 log CCID50/ml, respectively.
The percentages of the coefficient of variance of the methods were 4.09 and 3.29,
respectively. The statistical analysis by the Paired-t test showed no statistically significant
difference between these two methods at a 95% confidence interval. In addition, the ratio
of viral titers of the mean over the geometric mean ranged between 0.87 and 1.13. However,
the CCID50 assay was faster by requiring only 4 days of testing and more cost-effective

by using fewer materials, equipment, and medium.

Conclusions: The determination of SARS-CoV-2 virus counting by the plague counting
method and the 50% cell culture infection test showed no difference in results, but
testing for 50% infection in cell cultures was faster and more cost-effective. It revealed
that both methods can be used to quantify the SARS-CoV-2 titer, which can be applied
to detect immune responses in COVID-19 patients as well as in COVID-19 vaccine testing

further in animals and humans.
Keywords: SARS-CoV-2, COVID-19, plaque assay, CCID50 assay
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37 °C wuuld 5% CO, Wlalwadiinaduudy
monolayer 41AN315088% 90 VBINUTNYIA
dgl o U 1
IWIZLaYY ¥11n1T passage Tudnsnaiu 1:10

UL R LR ULV AILAY tNZLaEa
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waalua 3 Ty awldwadidu monolayer
wioulinaaou uagyiims passage nggunsIa
msUudeudiolilnsnanaudussos 18-22
wazdinnsideadlaiiiu 20 passages WUaIN
mssaldadusniilasumadun

2. sl dalumadingEes Vero
Turanananuung 25 cm? figauvindl 37 °C
wuuld 5% CO, uru 20-24 Falus 9 ndiu
MensiAoLaaTanaznlaga SARS-Cov-2
aslulgas Vero aufl 37 °C wiu 1-2 alu9

NTUFL MEM 7 ml 781 2% FBS auitgaumgil

37°C wuuld 5% CO, w1 4-5 Tu FaLne

' v
a a v a

Cytopathic Effect (CPE) Fietundinsinide
Iidluwadaisndesgansseliiuiuuin
fldpaead Vero Taslsifilafa ilewin CPE
Tuwaduszana 80-90% wivhiialaenisgai

v o

WARTUAIAEATI WALYININIS freeze-thaw 2

ASINgaUUQI -70 °C way 37 °C nUuLAY

Jagaaaiatukenwadnulisanseau

A5 (relative centrifuge force) 500 x g

'
a

w10 Wil figamndl 4 °C dhdndlafillsa
e iuluraEisadunn 175 cm?
feAsnsetu SavivalanidlaSa i
gamdl 70 °C ledmiuldlunisingn

3. nageumUsinallisa lnelinsen
3 AuYiNsRdeUTunoUTivilauiy Tneds
Plague Assay ey CCID50 Assay ﬁLﬂuﬁaﬁa
mafiu (independent test) Nageuldag 10-20

A33 571358 40 A9

3.1 naaeunUsunulasa
#1633 plaque assay TnelRumadinzLaes
Vero $1uau 2 x 105 wad/ml Tuormsides
Wwad MEM 7131 10% FBS U339 3 mU/vay
adluiman 6 vigu Unum 1 Fu figaumg 37 °C
i1 5% CO, 9 niAnANlISa SARS-CoV-2
fisziumNuIeas 104,102,10%,10%, 10°
way 10° pudsiu luemisiaoaad MEM
151 29% FBS U3anms 200 mU/vqal vieenaties
2 grlunsazaruionns diluvud 37 °c
Wunan 1 9l gaienlifadiuiuesnain

18 LaztAnesiasaand 1% L-glutamine,

2% FBS 1Lag1.2 % carboxy methyl cellulose

'
aa

aslUu3mng 3 mUmgu dnluwi 37 °C 7
5% CO2 U 6-7 U #59TUUIIUIU plaque
Tuwsazvau Wethundwamusinalhia
Tusy PFU/ml Ingdnuau plaque fianduie
RoatlAsEnIne 10-150 plaque /vigue>?
3.2 nadaunUsunalaga
Ae35 CCID, Assay tnetinla5a SARS-CoV-2
nFovdsensiasaTad MEM 715l 2% FBS
fisziuamIesIs 107, 1015, 102,..,10°
WWwsiarANLIDNALlUIAY 96 Yy USies
50 pi/vay AINNERNEY 8 Yigu ANty
DINTABUTAAUILINT 50 pUviaw uasLead
WnElEe Vero 1w 2 x10° wad/ml Ysinas
100 pl/viau Tnsiviauauauiidianize1ms
Bowad thluluf 37 °C, 5% CO, uu 4 Su

n3Iatiuda CPE MinTuluudasviay uay
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WA Uualisalusu CCIDs/ml
Tnegaesiuaudoansveshyadinaasy
ADAUAAINITLARN CPE 0-100% 99Uz EN
Tunmsanamusunalisa

4. MUHaNIVIAARU lngtinan 6 vigu
waginan 96 g wvihnsinwadlviRatuvay
MENSAL 10% formaldehyde Usunms 3 ml
waz 100 pl/uay w1y 30 w1l 9NN
formaldehyde a9n tagtiu 0.5% crystal
violet Tu PBS pH 7.2-7.4 aslUusuns 1 ml
wag 100 pl/vay ki 30 undt neldyg
anATua1siAll Fednendeandrenlan
wad niTAndlignlafavinansasfndang
wilouadauau duwadiignyhaeselisa

@ I3 [l | a a1 .
azuludesinlifindiages crystal violet

5. WisuisumuAuUAamSnenns
Tunsnaaeulagis Plaque Assay Way 1o
CCIDs, Assay 31nUsuunslgTanaunsal
wadeiRes ensiisated a1suedl Junou

6

wagszuzlIaluNITIASIE

nsAATIEVideya

1. Muadsunalsalaeds Plaque
Assay 9NARAEUBITILIY plaque finTu
TuwiazrauueusiazAudean Aulsu
Isadhwmhe PFU/ml anndiaBes i plaque

AMI¥AUNT5LI99 (dilution factor) 136

v

YFUm3U99 virus inoculum (300 pl) AfUAE

Y

4 a

1000 lagauau plaque M WIMADIEIAY

52113149 10 1 100 PFU /vg fisil

$1unu plaque (PFU/ ml) = [Z(Aiadesiuau plaque usazn1sideans x dilution factor x 1000/300)]

2. murniUsunalsaleeds CCID.,
Ingdudruiunauiiia CPE lunnetay

11931953 3ee 8 auvingluusay

UIUTTAUANULIBAN

ANuIeane awadhisadu CCIDy, 9ngns

'
(9

NRAuUas1aIn Spearman & Karber24 gsil

l0gCCIDsy/50 pl = -log éauné‘ummmmL?}@ﬁ]mﬁﬁfj@ﬁiﬁﬁ + [(Z51um CPE Waviua/8) — 0.5] x 0.5]

FnasnUsinalh$annueuaenmaiy wasuSuidumhe CCDsy/ml

3. mAANNduTTuSvesrUSIlaSa
SARS-CoV-2 18111470 plaque assay Way
CCID50 assay IA8UNANISNAABUNIIATIEN
ToyadeUSinauSeuiieuiu TdatRdamssann

(descriptive statistics) Lol Angsan Aenan

Anadsiavadn (mean) AnadaLsvadn
(Geometric Mean: GM) ﬂ'ﬁtﬁﬁagm (median)
m¥oarduUszans AU (percent of
Coefficient of Variance: %CV) #19n51d7U

NANISNAADUIENINTD WAy paired t-test?
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3. mAAnEuTusTIi Ul Ta
SARS-CoV-2 58131435 plaque assay waz
CCID50 assay lAgNaN1TNAABULTILATIZY
ToyaeUsinauSeuiisuiu 1dadfgomesann
(descriptive statistics) loiun Agaan ﬂ'wiﬂijﬁ
Anaduiandn (mean) Aadsisviadin
(Geometric Mean: GM) An3isegu (median)
AferarduUsEavsemuuUsUTIU (percent of
Coefficient of Variance: %CV) #1993187U

NANITYIAGDUIENINNID uag paired t-test?

NAN1SANSEN
1. MsnagdaumUsunalaa SARS-Cov-2
1ne35 Plaque Assay
13 plague Tuwadmzdss Vero
w&annsAngelida SARS-CoV-2 umu 6 Su
N1YVRINTTAAE IARANUNUAIE 10%
formaldehyde uagdouiwaane 0.5% crystal
violet 911U plague aAIMILAIRUNITINBAN
c-"w’mmm’tugﬂﬁ 1
h¥agnideriusanududu 107 f
10° (Sesamunmangeiiesnanie MuaAv)

Tngwadaiuauuni (cell control: CO) laitfin

plaque

sUN 1 nan1snaaeuysuin plaque vo3lasa SARS-CoV-2 Tutwadinizidss Vero lagds

Plague Assay

2. nMsnadaunivsualage SARS-CoV-2
10835 CCIDs, Assay

A3iia CPE luwadinziaes Vero
wdamsandalida SARS-Cov-2 w4 Sy

MYNRINT fix GaunIY 10% formaldehyde

wazdpuadme 0.5% crystal violet vilviiiu
I3 U o ell

\wadvgeaanaNNandnLIL Auandlugun 2

Tifagnideansaudanuidudy 10" fs

10° (Se9aPuNMANGI8iouuile MLasU)

Tnawagaruauund (CC) liiviia plaque
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gﬂ‘ﬁ 2 wan1snaaeuUsunalasa SARS-CoV-2 1ne CCIDs, assay bulgaainzlass Vero

3. ANANUFUNUSYRIAUSUNAULASE SARS-

CoV-2 52%#31495 Plaque Assay taz CCIDs,

Assay

nsnnaeulaeds plaque assay Way

CCIDsp assay 91uWIDaY 40 ASY MNUNAATIZA

10 10%* 107 10%* 0% 102 10% 10%* 10* 10 10* COC

3 au lriredeisuiadn (GM) Wiy 5.97 log
PFU/ml ta 6.00 log CCIDy/ml Inglsim %CV

994 plaque assay Wag CCIDs, assay MU

4.09 kaE 3.29 ANUANU FILARNI LIRS

A19199 1 1Ssuiiisunan1mageuUsinalaSasenings Plaque Assay Way CCIDsy Assay

[y

'
=

n1

log PFU/ml log CCID5y/ml

577 5.48 5.99 6.18
5.92 6.22 593 6.18
5.92 6.14 6.18 5.99
5.70 6.05 5.55 593
5.77 6.03 5.55 6.18
5.94 6.42 5.61 5.92
6.04 6.28 5.86 6.07
5.69 6.21 6.11 6.07
597 6.43 5.99 5.86
5.87 6.23 6.24 5.92
5.70 6.03 5.99 6.09
5.67 6.01 6.43 6.19
5.82 6.08 6.18 5.84
5.68 6.35 6.05 6.12
593 6.24 5.99 6.03

GM 5.98 6.00

S.D. 0.24 0.20

%CV 4.09 3.29

yaeng log log PFU %1869 aann1anuvad plaque performing unit

log CCIDsy %378/89 avnnI1anuved 50% cell culture infectious dose
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nsATIERdeyaeUsunanUsey
Wiguiu wudls plaque assay dANg9@n
LLasﬁwqmﬁ' 23.00 x 10° ag 4.05 x10°
PFU/ml Aadeiavndn winfu 10.26 x 10°
PFU/mL A1 GM iU 8.92 x 10° PFU/ml
wazANEEFIU AU 9.35 x 10° PFU/ml

dulagds CCID, Assay HA9aAkarAEn

'
a

1 26.92 x 10° wag 3.56 x10° CCIDs,/ml
AaAgEAdin WAy 11.39 x 10° CCIDs/ml
A1 GM AU 10.16 x 10° CCIDs/ml way
AEEFIU WU 10.22 x 10° CCIDs,/ml
dehmseisnsidiuanuduiusvesdn
PFU/ml siafn CCID,/ml 283aiadeiavndin
Wiy 0.90 wazA1 GM 1Ay 0.88 Tuvinues

LAYIAUAITRSIAIUAINUEUNUS VD IA N

= = = a ¢y
AN 2 L‘IJ'EEJULWEJUWaﬂ’ﬁ’JLﬂiW%W‘U@lIUa

CCIDsy/ml siofin PFU/ml vasaniadeiavadi
WnAu 1.11 wag A1 GM winnvu 1.14 uag
dlawieuiisulinnallaidumasnnadi
(logarithm) &ns1duANEIRUSIBIAT log
PFU/mL 610 A1 log CCID.,/ml wasriade
LlavAe LagA1 GM WU 0.99 diusnsnaiu
ANNENNUGVBIAT log CCID,/ml faA log

PFU/ml U89ALa8gsauntin kagAn GM i

%
o

1.01 YINANTNAFDUVDING 2 AUIINAFOU

o w

Liunnsinsfuegefitodfamnieadfviain
Foriudl 95% (p > 0.05) Fauandlumsedt 2
wazidloprmanszanesvesdeyaveis 2 38
wumhs 2 Fnmsnsraevesteyalivansaiy

(p-value > 0.05) fauandlugui 3

Wsdnes PFU (P)/ml log PFU/ ml CCIDs, (C)/ml log CCID5/ml
1. Adgn 3.01 X 10° 5.48 3.56 X 10° 5.55
2. fingagm 27.21X 10° 6.22 26.92 X 10° 6.43
3. Anadeiarada (mean) 11.24 X 10° 5.86 11.16 X 10° 6.01
4. Anadesviada (GM) 9.67 X 10° 5.86 10.18 X 10° 6.00
5. Aaloagu 9.72 X 10 5.89 10.22 X 10° 5.99
6. SasduAadsavAdn P/C =101 P/C = 1.00 C/P =1.00 C/P =102
7. SasduAaduisvada P/C = 0.95 P/C =0.98 C/P =1.00 /P =1.02

8. Paired-t-test (p=0.05)

PFU-CCIDs = 0.95

log PFU - log CCIDgy = 0.72

na1eung log log PFU maeis aennanuves plaque performing unit
log CCIDsy 37889 aonnIanuveay 50% cell culture infectious dose
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" virfpagr = OS] T

Aox10*
-‘ [ |
i roxio* .
£
=
=
1.0x10* [ A
L] L]
L
Flague CCID,,

Assay

n1snszAnedeualuniie PFU way CClDs

.07
P value = 0.7154
H L u
E 60 ]
§ 5.5 "am
ill L L]
Flague CCID,,

Assay

nInsEedeyalumiig log PFU uay log CCIDsg

5UM 3 n1Ins¥ngvestoyadnnan1saaeulagds plaque assay wag CCIDsg assay

3. ANUAUUFDINTNGINTIUNTNAFIUAILIS

Plaque Assay wag CCID50 Assay

W91N38919 2 wUSeuguIunou

[

anuarAuFuUFadunIsIATIEd Wi

v
Y

74 2 AN itwadmigiigsarevnsaeLTaa

FUARYINY LANULANF1IRTIUSUUATUSURT

A5k T35 NsneeUNEANANi U lAsSTEIan
YBINITNAADUBALNITOUNABANANIAY T35

< a < 1Y)
CCID50 assay JUNISNAZDUNTINGG USEUnen
AlANewaz AN UENUTAYINNNSYIAED U
lananes19819n3135 plaque assay AILLERI

Tumnsnad 3

A19197 3 LWSeuiigutuneau Jan LarAnuauUaeIseningis Plaque Assay wag CCIDsy Assay

W15nes Plaque assay CCIDs, assay
wansziasad 6-11qu 96-11q3.
YSaunanwag 2 X 10° wag/ml 2 X 10° wag/ml
Ysunsigassiaviay 3.0 ml 0.1 ml
a’]WﬁL?’{ﬂ\iL“Uﬁﬁ MEM + 10% FBS MEM + 2% FBS
AsadwARNaUNAGBU 24 Hilus 0
Ynalada 0.1 ml/mas 0.05 ml/ngs

FIUUYIVBINTNAGTDU

AULT091968 1 1Wan 2 -3 AR

2 138 3 viga/ANadeans

8-10 ga/ATRAN

7 - 11 A0

FIWIUWaNGD 1 fr819 3 wam 1 wan
szaganuulilisadead 1 Falag 0
Semisolid medium 1% carboxy methyl cellulose 0

Tu MEM + 2% FBS
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A19197 3 LSeUiutuneu Tan warauduUaesseningdd Plaque Assay uag CCIDsg Assay (40)

W15nes Plaque assay

CCIDs, assay

15Uy 37 °C, 5% CO,
S2UZLIAININAEDU 6-7 U
Junaunsiand

U31195 3.0 mlmau 30 ui

& crystal violet

Y3105 1.0 mUmgu 30 1wl

N159UNA

S2YLLIANTTBTUKA 5 wdl/inan

Fix L@aa 618 10% formaldehyde

TuduIu plaque/well/dilution

37 °C, 5% CO,

4-5 3y

Fix wad A28 10% formaldehyde
U311915 0.1 mlmgu 30 Wit

& crystal violet

U31705 0.1 mlmgu 30 Wil
Tusuau well fiiin CPE avan

1 wri/iman

anUsI8Na

msAnuiiansliliuimes plaque
assay Way CCID,, assay UANNANLAND
1N15N9818VDINANIINAABUAT TIANNAT
a ¢ v & A g a
WATIVTeyae 80 nan1snaaeuludase
seriu (independent test) 9NKIATIEN 3 AU
1A %CV 3.48 uag 3.61 MUAINU lagsin
I\ Ao vl = P
ANNANTUALIN 5% WLanadanULNY9VB
NSNAABUTIUALLALINU LAY TENINIAUYDS
74 2 38 nwansAnwvUSunalsa nuin
plaque assay 1N19NTZLAIVOINANTNAGDU
TnatAesniu CCIDy, assay Watikualuung
NEAWFHIUINNTT TI9E0NBAAgALAL

] 4' Y ) 1
FUEATINNIA1 mean AlNALABIY WA GM
(K 1 I3 v

warALigEgIuYed CCIDy, assay aendniéintes
Fadlwunldudna CCIDy, g9n31 PFU 91nKa
NSIUSBULABUAT GM U094 plaque assay 7o

CCIDy, assay sz 0.88 wavisiluniwsu

Y2IN15USYULNBUYIAT mean wagA1 GM

wansinnalndidestuinn Woulawmiae
Wuasnniadiu lnednsianudunusen log
PFU/mL ¢19 log CCIDs, /ml thiazA log CCIDg,/ml
fa log PFU/ml Tndifies 1.00 leviinis
WisuilsunanismagouniaeIslneans
paired-t-test wuindAlduansneiu (p>0.05)
gansananilédn 1 PFU/mlwhiu 1 CCIDy, /ml
U29Uu35 plaque assay 1HuisumsgIumas
Tulaena119n31 CCIDs, assay 15N
Wisulouiis 2 33tlunismdsunalaga
naneyin waziionsiduanuduiusaeiuly
TulSausazaiin Inguresigarunuin CCIDs,
assay Wﬁhﬁqaﬂ’jw WU Smither S.J LazAy
wuluAIIMIUINIE Filovirus A127n CCID,
assay g4n11 plaque assay Usganad 10 i
%38 Forcic D. lagAg Wuiensdiuusunu
1254 Mumps s¥1I19 CCIDs, taw plague assay
8g3enin 0.66 f1a 10° Fomnfimrsanmudnuas

Nan15.An CPE Tu CCID,, assay tutdunis
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Faugannn vndllasa 1 sunaiewin CPE
agudu 1 positive well @31 plaque assay
Wun15tiu plaque vodhidausazounia
= ) % a a P o W
JudumsiudsUsunalaense wagidladnin
N5LARDUNLALAISLAN semi-solid medium
a 1 o w d' A o =3
gnaillifagnindnnisindiounvinlviloniaiiiu
a X o = & va 1
plaque tndulasin Jaduldlanan CCID,,
LEINI
Y
P ay v = K v 0 X
Toyanlaanmsfnuiliudeuswin
nmsmUsunalasa SARS-Cov-2 lneis plaque
wagds CCID,, assay a1unsaualglaluios
UuRn1s Neilfideladinsesiesduseney
AUANANYEIIARIT Wiaudayadmsy
nssnauladenldisimunzauLaazio
UfjUAn"s nsveaeulay plaque assay fiadld
wad 91vNslasLadUIINaINN YinTadey
Ierensideanstesnit enasedldaniifosm
JLAUNSIADINTMLNLAUTIATEUARUNITIAA
plague 10-100 PFU/well welinisiudiuiu
plague Maiug1TU? THIuILNaNLINAI
Tuntlanineasu wazldailunimaasu
U1UNI1 CCIDy, assay A9tU CCIDs, assay
pramIzaulunIdNADINITNANISNAdDU
NLT9AU TUSUIUFDE9TIUIULIN DAY

Hanlganenmnin Nedvnnyinmsveaesunulisa

SARS-CoV-2 aneugauNaIATIE A NNNUS

1%
=1

917749 2 A5o19dlAwananaluannIsAnynl

[

\HaslunuanwulanNIvYoIuARYa WS

3

fginarilissoznanmaasyiinsiuinees
Th¥auavawn plaque fiwansnaiy
ﬂaqﬁuﬂﬂiwmaaUL%aiai”a SARS-CoV-2
fAsTvannuane SmelulaBnmsinseilsun
Welifaisumy axmnuarsnidaiu wu
n1Inaaeu plaque assay tngldlisaiion
(pseudo virion) A5%11 microtitration fEN1T
gaul fluorescent MTIATILNAIY Quantitative
Real time PCR, Sandwich ELISA, mass
spectrometry %30 flow cytometer Hudu
fiannsavhnsnageuluiesiisfuseau 2
g6 yeivadgldnwumsanwnseudiou
HANSNAADUTENINIoANS 9 8e819lsAny
Wimlanldsrsdudunnsgudinaduis
plaque assay I@EJI’J%L%@L%U@@UJ N1IANYA
AIUFUTLS SE 31933 wazdenld3sAd
AuALUEBIiINI Nz saandldsne

Tuesufuanisle

dyuna

Nan1sneaauUsSualISasEnINegs

[

Plaque assay Way CCID, assay HUoya

Y

TUTuienafediu wasaanNnNIsIASIER

al U %

Toyganuinvisaeddsluiiniuuaneiaiy

(%
o |

9a9a1UsuaulI5E dnVadlanuwdugndian
Tnalrseiunuanalaean %CV INNNANISAN®YD
anunsaunisneaaslultlunismusunaliga

SARS-CoV-2 uagnsnsiamgiauiuselyelisa

9
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SARS-CoV-2 TugUae srudafionageu
Uszdmsnmvesingulunistesiulsa COVID-19
solUld sailn1snaaeulaeg CCID,, assay
flauaudemdneansiesninnee1nis
WNELAYIYAE SIUILINAT LATTEUZLIAN

=% & aad ° v a wa
manadeu Jaduisimshuldluiosjifng

RIGIRIRIE
PABATEEXIAMTIFUIARIIAET)
2562 quilsilagiiu lafa SARS-Cov-2 1Wasu
wUasaneugeeg1959a153 AIsEnIsAne
Wisusunmsmuinalbaiiaosisifiui
Tunsiaganeiug saudefnwinudunus
YBINTNAADUTEAUTANTULALIT plaque
reduction neutralization test Wag micro

neutralization test sialUiiatduisn1aden

wagaunsnansuyuAlgTnela

AnRNSINUTENA
YeUANAN TN NSNS aLEY
nsaAneImansnsuwnd Alranueyaszs
Ta¥a SARS-CoV-2 aneiug hCoV-19/Thailand/
47/2020 wagan1tuindu Aatuayunuide

Plalun1sAnwnsl
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Abstract

Background: Adalimumab, fully human recombinant immunoglobulin G1, is a highly
specific monoclonal antibody that binds to Tumor necrosis factor-alpha (TNF-Q) and
prevents its interaction with receptors. Currently, all versions of adalimumab both
originator and biosimilar, are widely used to treat rheumatoid arthritis and other
inflammatory diseases. During its commercial manufacturing, adalimumab is produced
by biotechnological techniques that may change the charge variants on biomolecules.
These modifications may impact on biolosgical activity, immunogenicity, and stability.
Consequently, the quality control of these drugs is significant in order to ensure that
patients receive quality drugs according to the international standard. Characterization
of protein charge variants using ion-exchange chromatography, including ionic strength

condition or pH gradient mode, is useful for qualitative and quantitative analysis.
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Objectives: This study aimed to validate a method for the determination of charge
variants in adalimumab by ion-exchange chromatography according to the International
Conference on Harmonization (ICH) guidelines and to be used as a standard protocol
in laboratory quality control of marketed adalimumab prior to release for supply in

the country.

Method: Validation for the determination of charge isoforms in adalimumab was performed
by a pH-gradient cation-exchange chromatosgraphy with testing parameters including
specificity, precision, accuracy, linearity, limit of quantitation, limit of detection, and

robustness.

Results: The results indicated that the method was specific for adalimumab determination
with linearity over the concentration range of 1.00 to 10.00 mg/ml. The percentage of
relative standard deviations of repeatability and intermediate precision were less than 5%.
The percentage of recovery in the accuracy range was 90% to 110%, while the limits of
quantitation and detection were 2.50 and 0.70 mg/ml, respectively. The method

demonstrates robustness when changing the shelf life of the mobile phase.

Conclusions: The results of the study suggested that this method had specificity, precision,
accuracy, linearity, and robustness. Hence, it is suitable for a standard method in quality

control of adalimumab products for registration purposes in Thailand.
Keywords: monoclonal antibody, adalimumab, ion-exchange chromatography

UNANELD

ANEIARY: B1erAdYuIUYiA fully human recombinant immunoglobulin G1 8angwa

Y v
v aa v ko
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variants) fusnansuluusiazafiosnisudn naiudsuulaseradmaeniseengysnisdinm
sruugiifuiusazanuavemaniusild dufunisauaunmnwisiauddadiel e
19¥UgNnasnAsgIu MIIATIE charge variants sinldimatdalasnlnnsfluuuuanivdsulseq
Tnglindnnaiinanududuvonnde videwin pH ilonsnansmuuszaiuanssiu dddlu
m'ﬁmeﬁlé’ﬁy’qL%a@mmmam%w%mm

a i

INUITEIA: AABUAIINYNABIVBITITIATIEN charge variants YB4E1DEANRLLUU AIY

wailalasuiln nsfkuukaniUasuysey au ICH guidelines wethunldduisuinsgiu

lun1siaserienaeandywiy

38N NAFOUANINGNADIVEIIBIATIEN LU AINT NI ALTIEN ALY ATy

LEUATI N15ATITATNUSUIULAZTANITA MUNITATIINY AZANUAINUYDIID

Nan1sANY: U RAuT g danududunsludag 1.00 fi9 10.00 me/ml J %RSD
vaan s luudedduuagaieiu ldifu 5 darauiesegluyag 90-110% uazaiuise

A5IAIUTINUle 2.50 me/ml §Tad1AnveIn1IATIANY 0.70 mg/ml LazidianunInu

Wadsuwasszesinanlunisiiusnwialsazatgamaaud

aqu: Biflaudunz anuwiu prdiss anududursmasataitiessiesisiinnuemy
winzauhu i duisnnsgulunseuauaun mussearadyuuuiteUssneun1stuneiden

muglulseina

AdAny: Tululaausaneuiuen svadywiu tasuninniiluuuuaniuaeudsey

unin

pilululraueatoufvafstnesad-  necrosis factor-alpha (TNF-Q) vivlsldanunse
yuwuu (adalimumab) flassasiadu fully  dufu TNF-O receptor ﬁagiuuﬁ’maa“lé’l
human recombinant immunoglobulin G1 danalifannisnds TNF-Q Fadu cytokine
(1gG1) fleongrisiamizinzadumsduds tumor  FABITosfuAITNTZdUATSIIAY? Ferdu
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gnevadyiuudiunumdAglunisldshw

1Y Y o

TsaflAgadostugfiduiunaziunissniay
Aifluszansnmuazdonistafeswin wu
lsadadniau Junesn (rheumatoid arthritis)
TsadesniauiFesslaglamsuanue (uvenile
idiopathic arthritis) 1saagLindu (psoriasis)
lsanszandundedniauda (ankylosing
spondylitis) Tsaflieafumssniauiieswes
FZUUNBAUDINT 3olsalaTyiu (Crohn’s
disease) lsnanldlnajdniauiFoss (Ulcerative
colitis) T5AaUABALEU (uveitis) TsARINTI
fifinssniauvesdounie (hidradenitis
suppurativa) {Judu® lagen Humira® 19u

[

810¥ANALHUUAULUUYIDNTVINGAULUY
(originator product) ¥9IUTEN LEUUDH
aveusnesa Mlasunistunsdeudususn
INDIANITOIMITUALYIUVIANTTOLUTNN
(U.S. FDA) ifle f.¢. 2002°
dlesdunuumuednsdnyas fn1snan
eTringadeais (biosimilars) veseozand-
IEGY Nt |y Exemptia®,5 Amgevita®,
Cyltezo®, Hyrimoz®, Hadlima® Abrilada®,
Hulio® wag Yusimry® tJudu® nanlaeld
wiAlLlag i (recombinant DNA technology)
IuL%aéé’m’iLg&NQﬂﬁwuu (mammalian cell
expression system) fiflavudumng 1¥nssumn

N5l URNINGUGRU LRI IN9A

Usznaundnvesendulusiuauialng i

U

AMUTUTU Usenoumensaazdlu 1,330 61

=

wagdlthmiinliana 148 kDa' Sadosdinig
AruANNTIsHAnL T ueE 19 Fausian s
nsnordlluyiasing q asiadl iy ussuae
gosluuildluomsidearad (cell culture
media) Fedenanenisiasivlavead
Tunsuanansddnyiifinasianiseangnima
B’ nszurumsiliuzans (purification
process) LardANy AB N1IAIVANANTIY
Fmnzanlunisfiuinunansas (storage
condition) ynliEuNsaAIUANNTEUIL
nsuaslrTinnuaaewazwanzayld agvh
TlaluanaveddusiunasUszqueten (charge
variants or charge isoforms) fiuanaaiu
\domniAanszuiumswasuudamdaseaing
V3eluanavadlusAY U NSAANTEUINNNT
glycosylation, oxidation, deamination,
isomerization wag fragmentation (w1
91dINANTENURBAMANwEEARY (critical
quality attributes) ¥a3681 SRS
(stability) miaaﬂqm%‘mq%mm (biological
activity) LaZ01AINANTLNUFDAINANLITE

[

Tun1snsgdussuugiduiuvessianiule

(immunogenicity)!**?

Qe

[

AITUNNSATUAN charge variants 394

'
=

mmmﬂmwdﬁlmmﬁd@mmwmqmmmﬁu%

o

a o 3

DWMH@‘U@Q WARENENU LL@Luaﬂfmﬂ‘fjﬂ%‘Uu
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mmaﬁwLamaﬁuaq@mé’ﬂwmzﬂizaﬂmaqa
29981 lagssngnanalusilingiainsiei
AENYALY charge isoforms ¥89UsEq81 i
Yeuaniernuduenanwaliaranwalasaing

¥ aa

29981 (structural integrity) A18353LATIZY

a 4

Aunndrafuuinndn 1 3% lneisadenld
%uagi Jurtavodlululaauoatauiusn 1w
peptide mapping, isoelectric focusing,
ion-exchange chromatography, hydrophobic
interaction chromatography, oligosaccharide
mapping, monosaccharide content Lag
mass spectrometry Wusu Lﬁ@lﬁﬁﬂa’jwami
Anszidulumudefmunuazaenndosiu’
wadafileslflutlagiu fonsananeaeds
Uszaluandsiunagaleledidnyida (soelec
tric point: pl) laun BAATIzRBIanTnslNITea
wuutaUaans (Capillary Electrophoresis: CE)
wila Isoelectric Focusing (clEF) Lagi5tAsan
Innsluuunanilasuyszq (lon-exchange
Chromatography: IEC)'** Lansn pl 9803
lusUwuuves charge isoforms Usenaunag
acidic variants (acidic peaks) %’dﬂiﬂﬂgaaﬂm
AoUnthAWAN (Main peak) ey basic variants
(basic peaks) 9¥U5INYUA31N main peak'®
IpgeUseauedlusiuasiUsiumuAUTNTY
YounaoluaIazaeUlne3 (salt concentration)
lunsvrUszaeenainisdunislunedu

(%

Fotazdanudmizsensuenluanaves

v
=

TUsfufiunneneiu uonanilfinisldnaie
M3uenUszuedlusiumae pH (pH gradient)
Faduisnsufenldedunivans esan
ausaldlunisiasierivsegueslussiu
Igvannuanesia WHuisiiuszansnm uas
fiauanansalunisuwendid (high resolution)
Mlinsiuieesalsenou (charge isoforms)
Y0908 19 5 Lgit7-20 FaduaATe s
WU 1METmLIzauveIn153As1 2%
charge variants Tugnegaayuuu lnewaia

Tasnlnnsikuuuaniufeulsyy wagnsiadey

ANINNABIYRIITANY ICH Q2(R1) quidelines?

A a ¢ |

WONEIUAMUUUIZEN ANNUILTND Lag

Y

anunsathantluiesuianislunisaivny
HENSNINEIRULUY (originator) kagenTying
AANEARA (biosimilars) UB4819EARYKIU
Uszneunstuneidousiminglulssmelng

sall

[ -3

mgUIvasn

1. e WRIUILATATIVADUANUYNABIVDY
AT charge variants 98987198 AA-
yusiu Inewnedalas anlnnsiikuuwaniubey
Usgq

2. Wi 3suldaduiBumsgrulunismuny
ADATNEIDEANTLUUUTIEIAULUY WAL

8 o v = A & =

g1 IngAmend WieUsenaunsiuneileu

Fmglulsenelne
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52 aUIcN15I9Y
35015938

\WHumsfnuiBmnaes (experimental
research) S¥MINADUNNTIANDIEINAN 2564
Tnesdunsnuiauiimannefunzay
WAEATIVADUAINYNABIVDIITIUNTIATIEN
charge variants lugnazadyuau mewain
Tassnlnnsluuusaniasuszq
NENADEN9

Téoenseriidndoanussnguan
o erdusuuduenTaingsneda (reference
biological medicinal product) vasg182n1
AU Y11M 40 mg/0.80 ml 31w 1 FIeEs
Mg TIINYANEATIBEANGLLIU 91U
1 8o (Mvuaduedve A) vuin 40 me/
0.80 ml 97UIU 1 AI9EI LaZFAI8E1987T7
TMQAMEARIYIANTIEYYUIU YU 150 mg
MU 1 F98
anaziildlunisAnulasunlnnsfluuy
waniasuyszy (IEC)

waedeudl A fie 20 m phosphate
buffer, pH 7.30 uazwlawpdeudl B fia 20 mM
phosphate buffer, pH 8.70 nandildlunng
Aipswdsen1sangs 1 ase whiu 57 wiil
Tneld eradient elution Tunsuenans Buann
aLadoudl A 100% wazinaindoud B 0%
wazananuuduveuandeud A B 0%

wazliuANULT e Lardaun B i 100%

lusgezian 57 il 9nsanshaa 0.80 ml/min
gauungiiaadui 30 °C USuiun1sanans
Tunsiasest fie 50 g uagAIueNIAALT
T4lun1sasiataansit 280 nm
LECRAD

1. th %ia HPLC grade uavensiail AR
grade (Sigma-aldrich) Toln sodium dihydrogen
phosphate monohydrate Wag disodium
hydrogen phosphate anhydrous

2. 1A394 HPLC Shimadzu u Promi
nence @msuntivinarsuuulalonazisd
(Photo Diode Array: PDA) ALAS19NaA2E
TUsunsu LabSolutions moauuviia lon
Exchange ProPac™WCX-10 Analytical column
(Thermo fisher scientific) (4x250 mm YU
10 Mm) 130449 2 fumiia wag 5 dumis
\Sesinseileasy (pH meter) WaZLLHUNTDA
Tuasuvuin 0.20 Um
Sunausiiuns

[ ¥ a

1. LAS8UYITIINDD19DILALAIBE9

q

FMSUNMTIATIEN TINNINTNAGDU system

[ v

suitability lagi39a1981%7Ing 9198 9ua
11 IngadneRdsezaayuLUETe A fae
avaneandeud A Witlenududu 5 me/ml
winthlunsesmeusiunsesiuaauuun 0.20 hm

2. NAGBY system suitability &1@ULUY
Dy ALY $1au 6 91 Tnsna ez Tld fio

1AsVLATUYBY charge variants Usznaumnig
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acidic peaks, main peak Wag basic peaks
A1 Retention Time (RT) ¥84 main peak 1111
ARt %RSD AoslailAu 5.00 waze resolution
¥ main peak Way basic peaks Apaiian
lalfosndn 0.50
3. ATINABUAYTINONABIYBTTD (method
validation)
3.1 NINAADUANNTNNIZVOIID
(specificity) UB4FI0E 9 TULUULALENTITNG
AduAReYANAYLIL B3 A, formulation

[

buffer ¥as19¥AEYRIY FI081981T7ING

q

ARNEAFBTIANTIENYULU GIFULUULALEIT)

Y ¥ =

oAdunFIREAAYILI DY A TrnunTe
flgaumail 60 °C uu 1 491w (stress condi
tion) KANTTIAATILVIVBILINULUULAZETTING
AdnuAIDzAALLLY B A filFdadliina
TUlufirnafeaiu Ao chromatographic
profile paneARsiUlaglin1TTUNIUYDIES
Sulushogns uarluaning stress condition
wudnwae lasulnunsuiiuandisliann
anneund
3.2 MIVAdeUATILTIES (precision)
PIRULUULATENTTINGARIEATIDE AT
B0 A S1uau 9 91 angluuienty (repea
tability) LaglAsI¥RNeIU 311U 3 1 3 %u
IngiindtAs1z1t 2 AU (intermediate precision)

winAMINASoEaa U TBRUMNATEIUAING

(% Relative Standard Deviation: %RSD)

%aﬁﬁuﬁ acidic peaks wag basic peaks
fodlaitAin 10.00 wag main peak fosliiiu 5.00
udUSuguRanTIAT eI Tngldats
one-way ANOVA Lagsenintniiases 2 au
Ingleads independent-sample T-Test

3.3. nadauATIL &R (inearity)
PIRURUUDZANGYMIY AN 1.00, 2.50,
5.00, 7.50, 10.00 mg/ml 1Y 3 81 g
Tasginliunadiensmingusening
AUt duL LA ANRRs LTS
acidic peaks, main peak Wag basic peaks
Aduusyansnisrnaula (coefficient of
determination: R2) msiiAlndlAes 1 %30
ArdudsyanSanduiug (correlation coef
ficient: r) A1 > 0.999%

3.4 MA@ UAIULLY (accuracy)
1AYMIANYIAULUUBEANRLRIU AILTUTY
1.00, 2.00 uaz 4.00 mg/ml adlu formulation
buffer ¥nmsinsesissiunnududuas 3 41
UMW IATUBINISNAUAY (% recovery)
Imamﬁlé’é’magﬂuﬁé’m 90.00-110.00

3.5 YAIAAVDINITATIANY (Limit
of Detection, LOD) uazladninvein1sinLas
U3uad (Limit of Quantitation: LOQ) 13991
gFuLUUDEA ALY UEEntATes HPLC
Tagd LOD Aa Anududunesansilien
Fyausiadeyey1aisundu (Signal-to-noise

ratio: S/N) WinAU 3:1 wag LOQ fe AULUNTY
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Y09aSAHAY S/N Wi 10:1 wazanniiu
Fnsinsieiainaiies (precision) uay
AIUYNABY (accuracy) \ieBududn LOQ

3.6. NAFBUANNAIVNUVDIID (RO
bustness) NSNAADUAINAINUVBIID IATIZH
dusumaliniiaszvinlslasuilnnsiaiy
ICH Q2(R1) suideline Jaseiiinasonsis
A5 WU ArAudunsa-Asvaana
AU aerUsznauvelaLndaudl Be
yosaduimiasunsuan (lot number)
yosnoduTiunnmety guvall wazdnsinis
wa21 ﬁqﬁ?ﬂuﬂwwnﬁlaaummgﬂéfawaa
AT NI EdenduLuULAaE
eTrinnadendsezmayuuy WelAuuuyas
gaungiivasnedu 1Mol 30 semiwaides
muanzdenty 1y 20 uwaz 40 °C uaz
Wasuulasszezinailunisiiusnwne
WAL A uaz B mnduiulduiu 1 dUand
Waswdwiulduiu 2 way 4 §andf was
Wisuran e wiaadeitui main peak
Ineldatia one way-ANOVA
N15AATIEVdaLanNIeEn
1. Ainsgrianfosavdrudesuuinigiu
F3S (%Relative Standard Deviation, %RSD)
dans

%RSD = = X 100
SD = dauﬁmwummg’m

X = ANRdgveIlayaiavie

2. WATIANT08AEURINITNAUAY (% recovery)
dans

(C1—C2)

% recovery = 100

dlo C1 fe aududuresanslu formu

lation buffer Ai¥alauasanRneIfuLUY
DEANAYUUY

C2 A AMIUUNTUYDIETTIU formu

lation buffer ﬁiﬂﬁlﬁmméfuuwagmagum

C3 AB AU UTUVDILIAULUU

a =

DLANAULUUNNTIUAN

Y

DyrUFNLANIL?

L £

IR ULUU M3881T3THQA ULUU

q

o A

(originator product) vaneds 81T Ingnlasu

q

nstunsidouneldteulunistunsidey
ﬁ?EJL’e]ﬂmiaﬁhdLﬁNEULLUUV}zﬂﬁ’lemmW A
Uasade uazUssansnin lnetdundnsoue
wsniulan

m%ﬁmqéjﬁﬂaﬂ (reference biological
medicinal product) vanefls gndingiithantd

o19aslums@nwidSeuiisuanuaateadany

Y 1 =

fuenTringaanerddaenss wasluedring

q

) PP = ~ ,
fuluuninsTunstdeululsenalneoagng

WingUwuY

Y ¥ =

gV INaAANEAAY (biosimilars) ¥ianens

q

(v (9

g ingNllanvaranieadeiulundnanin

ANUUABANY kasUseansnn weawSeuigu

U ISP ¥

Aug¥ringdnedanlasunistunsiouudn
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pg10AuIULUL lneeTringraneadaiesd International Nonpropriety Name (INN)

% ¥ a

WEINUAUYITIINOD 1989

9

NAN1SANE

WANINAEBU System Suitability

HAIATIEY system suitability YeseduMUUBEANGYLIU F1UU 6 F1 WU tastlvunsy

Usznause acidic peaks, main peak waz basic peaks WazNailAsIE RT V99 main peak

a1

Acidic peaks Basic peaks

I | | J
| '|| [ |

| L 1]
,._,_,i"-x__._ = e LR \j_}”l T L

1A % RSD winfiu 0.15 uagAn resolution AWIAY 2.74 Belaliuinaeiniiivug Aagua 1

0 10 20 30 Al

n
=

JUN 1 1A INUNTUYREAULUUBEAALIY
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HAN1IATIAFDUANUYNABIVBITS

% ¥ =

AMUTUNIZINZRS AT zsiEFunUULaze1T Ingadtendseradyusy Bvie A,
formulation buffer ¥asen0AFyuuy v dringaraeafsydansianyuuy Lauuseu
leulasununsuild wuindl chromatographic profile pdeadstulaglifinnssuniuvesasdu
Tuneens uay main peak YeEULUULAzeNTITngAdIoARI0zAAYLAIY BYe A uoneen
NNY1TYIngAGeAdaiansaygLuuag1etnay wagliusing peak Tuans formulation
buffer uansFITUN 2 BrdulvLAzaTITngAdandserAyLIuETe A Tunne stress

condition Usnganuazlasuilnunsuiuand1dliain lasuilnunsuunid degui 3

[T TG TR T AT ]

| Fhe: | i iagriwaBaezaBiyuiy e |

! R | T | etotmmbandoregn |

| Formulation buffer sassrfusuuseriBiyuuy |

| Formulation buffer waanWaingaieafasesafiyury |

10

¥

5UT 2 Tasunlvunsuvesgnduuuuaemaguiu e193ingaaneativeradyuay 8vie A e1dring
AREAReYHANTIAYIULU formulation buffer e1uLUUBEANGLLIU Uag formulation buffer

eNTTINOATEATIDEANGLRUY
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Abstract

Background: Pork is an important meat ingredient because most people consume it.
Consumers prefer to buy pork with a red colour since they believed that the pork is fresh.
This caused some groups of pig farmers to inject Ractopamine or beta-agonist to pigs
which it was a prohibited substance used in animal feed. Whether the human body is
exposed to these red meat accelerator chemicals, it can cause health problems. Hence,
this study aimed to assess the level of knowledge and attitude regarding buy safety pork

among consumers.
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Objectives: To assess knowledge and attitude towards buying safe pork and to study

factors that influence consumers’ attitudes.

Methods: This study was a survey research. Data were collecting with the Google Form
online questionnaire during October-November 2022. Sample group aged between 18
and 60 years old who lived in Bangkok, Thailand, and accessed the internet. The number
of samples was set at 345 with a 95% confidence level; a total of 710 samples were
collected. The data was analysed using descriptive statistics including frequency, mean,
percentage, and standard deviation, as well as inferential statistic by multiple regression

analysis.

Result: In the 710 respondents, a majority were female (59.0%), aged 40-49 years old
(38.3%), were full-time employees (36.2%), had a monthly household income of more
than 35,000 baht (49.9%), had a family of 4-6 people (51.5%), and had a family of 4-6
people (50.4%). Sources that bought pork found that most of them buy pork at super
markets. 52.3% of the most frequently purchased pork was red meat 20.7%. When
studying the knowledge score on buying safe pork, it was found to be in the middle
level, averaging 3.80 out of 5. The top two most correct questions were knowledge about
buying safe fresh pork and being aware of contaminants that may accompany pork, with
91.97% and 81.27% answered correctly, respectively. But the least correctly answered
question is red meat accelerators and their health hazards. 66.62%. The next issue was
that the study of attitudes towards buying safe pork found that the average intermediate
level was 18.62 units in total of 25. The subjects paid more attention to the characteristics
of the pork, such as flexibility and no bruising, than the colour of fresh pork. Statistically
significant factors that predict attitudes towards safe pork selection are monthly family

income and the number of times to buy fresh pork per week, with a p-value of <0.05.
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Conclusion: The subjects living in Bangkok had knowledge and attitudes towards
buying pork at an intermediate level. Knowledge of red meat accelerators and health
hazards was still unknown, including factors such as monthly family income and where
to buy pork most often. Therefore, public relations should be done to educate more

people and promote safe buying.

Keywords: knowledge, attitude, safety pork, beta-agonist, consumers
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Abstract

Background: Total Bacterial Count Analysis is a standard criterion to indicate food
spoilage. If the amount of Total Bacterial Count is high, it causes many diseases especially
in the children who get low immunities; such as, stomachache, nauseous, vomit, and
fever. The Ministry of Public Health that is specified in many types of food. The

microbiological laboratory Medical Sciences Center 10, Ubon Ratchathani analyzed
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samples using the BAM Online. Chapter 3. 2001 with Pour plate technique. The standard
required laboratories to evaluate measurement uncertainty to show the accuracy from
ISO 19036:2009 standards. The standard required laboratories to evaluate measurement
uncertainty to show only deviation standard of reproduction. Since the standard I1SO
19036:2019 in the new version required Pour plate technique, it obtained to calculate
the 3 uncertainty components; Technical uncertainty, Matrix uncertainty, and Distribution
uncertainty. Thus, the microbiological laboratory Medical Sciences Center 10, Ubon
Ratchathani had to indicate the uncertainty concerning with the standard in the present

time.

Objectives: This research was aimed to evaluate the results of Intralaboratory reproducibility

standard deviation (Sy), and to calculate the expanded uncertainty analysis’s result

Methods: This experimental research was in The microbiological laboratory Medical
Sciences Center 10, Ubon Ratchathani during August-October, 2020. There were 4 analyzers
in the laboratory analyzed of total bacteria count in food with 10 different samples by
using the BAM Online (2001) Chapter 3 standard method. The samples were Vietnamese
noodles, milk, prickled fish, sauces, ingredient powder, ice-cream, sausages, Isan pricked
pork, sushi, and others with lyophilize sample. Then, the results were calculated
from Standard deviation, SIR or Technical Uncertainty (U, referred to uncertainty of
procedure analysis in the microbiology laboratories; Matrix Uncertainty (U, referred
to uncertainty of the samples’ characteristics and bacteria’s spreading in the samples;
and Distributional Uncertainty (U,qs0n) referred to uncertainty of total colonies counting

analysis to the results’ report.

Results: Based on the analysis of total bacteria count in 10 different food samples from
4 analyzers and covered in normal, routine and naturally contaminated samples that

the estimated results were not different in statistical significance (p-value) = 0.9989.
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The standard deviation of reproducibility (Sg) value was 0.0946. This was used to calculate
the expanded uncertainty for the report on the total bacterial counts in food to show

the extent of the error of the results at the 95% confidence level.

Conclusions: The results of uncertainty estimation from intralaboratory reproducibility
standard deviation (Sy) appropriated to find the results of the uncertainty of the total
bacterial count in the sampling food. However, the laboratory should experiment the
other kinds of food to test or aware in S value which should not higher than the
laboratory’s limitation with 0.1 value. If higher, the laboratory should analyze other
factors, and improve in the case of changing the analyzers with the new up-to-date Sg

value.

Keywords: uncertainty estimation, total bacterial count, pour plate technique, laboratory

of the medical science
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gadinsiRnsamnsaandauliuiuey

1% v v 1

AR8NNSTNFHIDLNIUINNINTY WarpsAUsTNaU

D

71 3 Distributional Uncertainty (upoisson)
a ¥ o = 2-” o 1

LNANNNSHUTIWIULALART LA L UAIDE19
WAALASINNTIVIAT Izl UN ST
HATIUIURUATISE ™S fewwstaud Jemes
uiunsanwmamaLldsiueuliaennde

nusnsgiuatudagiy

Y] 3

eNEE N
Lﬁamwaﬁwéﬁumnmﬁmmummgm

vosmsvhaldneluiesufofinis (SIR) wae

anlglunsmuameainulduiueuvens

YBINTIILIUHNANITATIVIATIEN

32 U8UITNI3IVY
25739
Junsiteidamnans (experimental

research) SeWINGADUAIAL-NAAL 2563

Tneftfnseiiounlufon fifinsgataine
U 4 AU ALTUNITATINIATIEHF8E19
WEITUANLABUIMIEIU BAM (online) Chapter
3.2001°
NENAIDEN9

Fadenviinshetneiinmensadieei
Hudsesn leun @unesu un divand wos
raUgesa lern3y ldvisen U o8 uaediedn
NadaUYia Lyophilize #198199 115U
wuulBanuds (Meegeyiliuianuuiganuds)
98198 1 M198195IU 10 AI9E19 MUTBAIUUA
11MF1U 1O 19036: 2019 Mnualiaanile
ownslvnsounguiesUnAnduuysE
ﬁu@Nﬁmﬂﬁﬂ’amiu,azﬁmsﬂwﬁaummﬁmﬁ
(national contamination) lsitieandn 10 feeny’
w3asdie

1. mmsl,gmL%@éﬂL%ﬂgUL@%&Jumwuqms
LagIBNgnAnTEY 1A Plate Count Agar
(PCA agar) wag Phosphate-buffer dilution
water (diluent)

2. @154A3 LONUBAANNINTY 70 %

3. Jan gunsnl Lo viaenuiInaaes
YUIA 16 x 150 ml wiaue ¥InlkA3 Duran
YU 500 ml R]WULV\IW%L%E]‘UU’W] 15 x 100 ml
wioun lUiUng (transfer pipette) ¥un 5
waz 1 ml gealadmvesuanaide Uinfu

Uaania wagnssinsuannie
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4. \p30sfinanemns w3eeiusuay
9aun3d waziaTesileiunsasulfisunas
finsussdiunanmsaoudiou laun 3o
TWfhauazden 0.01 ¢ w3esdiwhanede
winataaudunsa-sng LLﬁ%G]:E]‘ULW’]SL%E)
(incubator) gaunil 35 °C dmTufloLd
g3l waz 32 °C dwsusnogneu
Sumausduns

1. ITYUFIDEYNDIMNTNNTATYING
Tnedsogemsviaiiduvewdsldun soa
wausesa lornsu ldnsen uagy® 91u7u 50 +
0.1 ¢ ldaslUlup3osiinauomsiivasnide
waz/m3oluies fregrsemnsiiureavan
@ un d1vandn wazsnedmaaeusin
Lyophilize fidoaese Phosphate buffer
werd 91wau 50 + 0.1 ml tdaslulugealadivie
STiaonde waiy phosphate buffer 31171
450 ml ¥nsadulidfuseinesinauaims
Useanad 1-2 w9l 9glanadeans 1:10 w5e
107 wEwhmsBenuuuituadiay 10 wh
(10 fold serial dilution) TlasgAuANLITD
AuTidInTs

2. Tluadgaansaranesiieensems
firudeaseing q S1uau 1 mi ldadluay
wnedeiissiuauienas 2 91u (duplicate)
MEMSLAENITe PCA agar Tivaatazansudn
wazlgaumiiuseanm 45 °C adlugumnzide

NuarUszann 15-20 ml waulignnuy Tag

nsuguluauduuing mauduuiing
& =3 = v

AFBUIUATL-Y waziAdauUlUNEe-I
TATONANLAENITIIBMDMTRLLTD AINILT
Tiomsidsatioiduasaunsznaiunim

3. dhluvulugouimiziae Tnens
Aadauduaan 48 + 2 alus Mgl
35 + 1 °C (ddusograun Uui 32 + 1 °C)

4. Waasulian Wanduituiulalail
Y a Y] = Y o & o
aewasestiulalatl waamwiandudiuiu
CFU/g %50 ml

5. FIATIRUARgAUTUTLULUATISY
Tumanvewiiegafinuediasg Inediuin
wuanseluwandesegluyae 25-250 CFU

WaEALIUIIUIL CFU/g ¥Te ml seaunis®
_vC
N=2 /[(1xn1) + (0.1xn,)|xd

dlo N = $1uUCFU/e wio ml
SC = naynwassulalatinaun
fuldvemnay
n, = 3UIUYe1UlUL dilution
wsnBuu n, = S1WIUTeS
auly dilution fiaesiitiu
d = dilution vesUTIFUTIU
afausn
nsAATEidaya
1. furnadwsvssnisidonuu
wasgruesnsveldneluiesufiing

(Si) %38 Upeer UNUBLANANIIATIVNATIEN
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Ve AaseiuaazaunUdsuduan log,,

194 normal distribution A1uwIAN Spe

Tnelvaunig
S _/ ?:1 Z?i1(yij _71)2
" impi—1
We i = UUEIENY, i=1 4 n (n=10)

ANMLARINN1ITTNFIDE19UD4

J
InAs1eRlusiegunelfuy

A1 Matrix Uncertainty (U, ;) fN%AUA

T Uy = 0.1 log,, CFU/g %38 ml iilosann

fhethefinsninsyitnswauduidedoiu

A1 distributional uncertainty (Poisson

uncertainty: Upoeon) H1813103103ULALAT
W (50) Fuldannnsasiaiasie

AMUIUAT Uppisson IINFUNTT

u _ 1/In(10) _ 0.4343
poisson \/z? ZC

3R Yc = 0 AN Upgeson = 0.4343

NANISANEI

~aa Uppi v ! 1o 1
poisson o
NN [, 90BN 0.2 alsithen
Upoisson HMTATLIRS

A1 Combined standard uncertainty,

u.(y) Wunssiuesrusenauvesninulsl

wiuaunmeiulagldaunis

— 2 2 2
Uc (Y) - \/utech * Uhatrix T Upoisson

2. AselSeuLisuaRasNg
MINTIVAATZAVRE AT RluiaUTRNNS

a

AI8EdA One-way Anova fVUAANYRAZIY
HO pl= p2= 3= pd wag H1 plz
2# p3# pd egatiey 14
1o ul, p2, u3, ud KU8He Nans
MIIIATIENVDILIATIEN A, B, C Uz D

AUAIAU

1. NANISATIVIATISHINUIULUATILSENINUARIEAS Pour Plate

N130159934AT1LNAIBE1TUAREITUNBINTIIULUATISETIINUAAIUNINTFIY BAM

(online) Chapter 3. 2001 lngtn3iAs1ev00IU UANITIIUI 4 AU (A, B, C, D) WU

UIULUANISENMLATRINTATIVIAT I iRiaziegslinalnafesiulunndiegns (Famsiem 1)

A15199 1 HANIIATIDIATILHINUIUBLUATILS 8I19NUA

A208197 A

B @ D
1 460 490 410 520
2 470 360 410 500
3 610 550 870 470
4 740 400 610 660
5 1,800 1,400 1,900 1,600
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A1579% 1 HANITNTIIATIETNINUIUBLUATILIENIUA (71D)

foeeil A B C D
6 15,000 16,000 16,000 14,000
7 19,000 17,000 17,000 14,000
8 4,500 3,100 3,300 6,200
9 5,100 4,400 4,600 5,800
10 4,900 11,000 5,000 5,600

wuae: CFU/g %39 ml

WethdeyarafenanisnTviniieivesinseilureslfiRnsundssuiieu
ANULANAIEEARH One-way ANOVA WU NaN1SATINATIENVRI AT IEluviBaUJURnTS
M 4 A wanasiueg e liided1AynIeaia (p-value >0.05) N3ONANITNTINIATIZRVD

AanseiluiesUjiRn1sne 4 aulsiuandnaiu ((annsei 2)

A13197 2 HANITIATIBAUTEUTIEUARRENANINTIIAT BRI AT I luiesU JURNS

ganaei AR AGERH Aady AuLUTUTIY

A 10 33.7506 3.3751 0.3739

B 10 33.3459 3.33469 0.4582

C 10 33.5440 3.3544 0.3702

D 10 33.7069 3.37079 0.3752
Source of Variation SS daf MS F p-value F crit
Between Groups 0.0101 3 0.0034 0.0085 0.9989 0.2.8663
Within Groups 14.1977 36 0.3944
Total 14.2078 39

2. Ansidsauusnnsgiuvasnsvinglinieluesujianis (Se)

F98199195793A5 12 T U 19 NTUS LT 521319 1.0x10%1.0x10° Fardua9

a

ATOUARNUSURAUNIENNTIIIATI8MV0NUUTETN LEBKNANIATIVIATIEVLINMUATILSY

o
¢ o

VMUAYBILIATIEVIN 4 Au LilorwInmugnste 1.1 1aan Sy laiiu 0.0946 (A1 3)
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A1519% 3 NIIAIUIUNIAINITTERUUNINTFINYEIN TG kN8 Tue U uRNS (Sp)

Faegail gaased  d1ulunuaiiGy Swuuveiils  AwBe(Diff) CEEREE n-1

(CFU/gvia m)  (log;¢/g W30 ml) ALaRY

1 A 460 2.6628 2.6704 0.0587
B 490 2.6902 0.0728

C 410 2.6128 0.0370

D 520 2.7160 0.0021

2 A 470 2.6721 2.6350 0.0014
B 360 2.5563 0.0062

C 410 2.6128 0.0005

D 500 2.6990 0.0041

3 A 610 2.7853 2.7843 0.0000
B 550 2.7404 0.0019

C 870 2.9395 0.0241

D 470 2.6721 0.0126

4 A 740 2.8692 2.7690 0.0100
B 400 2.6021 0.0279

C 610 2.7853 0.0003

D 660 2.8195 0.0026

5 A 1,800 3.2553 3.2211 0.0012
B 1,400 3.1461 0.0056

C 1,900 3.2788 0.0033

D 1,600 3.2041 0.0003

6 A 15,000 4.1761 4.1826 0.0000
B 16,000 4.2041 0.0005

C 16,000 4.2041 0.2720

D 14,000 4.1461 0.2148

7 A 19,000 4.2788 4.2214 0.0033
B 17,000 4.2304 0.0001

C 17,000 4.2304 0.0001

D 14,000 4.1461 0.0057

8 A 4,500 3.6532 3.6139 0.0015
B 3,100 3.4914 0.0150

C 3,300 3.5185 0.0091

D 6,200 3.7924 0.0319
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A15199 3 N1SAILIANNIAINIS TERUUNIASFINTRIN ST lan1eTuRe U URNTS (Sp) (50)

Foenail e d1uuuuadisy Swouwueiils  Aeds(Difn asdeIvas ni-1
(CFU/g %38 ml) (log;o/g #3 M) AadY
9 A 5,100 3.7076 3.6943 0.0002 3
B 4,400 3.6435 0.0026
C 4,600 3.6628 0.0010
D 5,800 3.7634 0.0048
10 A 4,900 3.6902 3.7947 0.0109 3
B 11,000 4.0414 0.0609
C 5,000 3.6990 0.0092
D 5,600 3.7482 0.0022
sum Diff? 0.2683
Sy = (sum Diff/(ni-1))"2 0.0946

3. Ns5y1AAN kLB Ve 1Y IUNITIIEUNANITATIVIATIHAINUIURUATILS ININUA
TuRl981991915

INHNTNA 1 HANITATIVIATIELNINUIUBUATIS SVINUALUAIBE19N 1 (Fao819ul)

I v

YDIENTITNATIEN A Wi1TU 460 CFU/ml %38 2.66 log,, CFU/mL dsnduisdnuliuiuey

v
¢ v A

YDINANITATIVILATIZH ATl

Uc (y) = \/ufech + urznatrix + u1230isson
Utech = SIR = 0094610g10 CFU/ml
Unawix = 0.1log1g CFU/ml

HaRTIATIETINTILIULUATISElusegsla Ye = 460 laladl
0.4343 0.4343
Upoison = e = s = 0.0202

MIIFBUAN Upoisson

Upoisson 7~ 0.0202/, ' 46 = 0.2135 FWINNTT 0.2 F96BUNAT Uppisson NAMINANAIISIMULOY

tech

ety
u.(y) = /(0.0946)2 + (0.1)% + (0.0202)?

3E15aIsHazen Ui 30 aUufl 2: nquaiaw - BanAu 2566 93



= 0.1391
U = 2x0.1391 (k=2 fimandosiu 95%)

= 0.2783 log,, CFU/ml
dlo U Ao Arenalaludueuveny
nsiraauldutueululdlunissienuna

NNFTBNUNANIIATIVNATIEN AUEY
SBURINESIUIULUATIS BT LA TTULE
Tuluseauwanisnaaeuidu CFU/g w38 ml
drumanuliduwiuouarianlaly 2 nsd Ae

1. NTAINANAII0E 19N TIIATIEN
wazUszasrenumanulaudueululusesu
HANSNAABU ALY M MUUAFULUUNITIIENU
el

SunuLUATISeswLn = 2.66 log;,
CFU/ml [2.38, 2.94] 30

SununUATiEeaIn = 460 CFU/mL
[240; 871]

2. n38igNAAFI0E 19N TINATIEN
warUszandliiosUuAnisdndurudenades
AN UNVDINAR U

A1MSUNTFRAUAINNADAAADIA
NTINATFIUNTIANY RSN ITUNNETUL I
nsldngnisindunanisvnaey/aeuliigunas
NN91E9UANNEDAARDINULNEUTIVBINARN W
Toevunanudesunsindugeusundnsios
ﬁwqmﬂm‘fl (Probability of False Accept: PFA)

[%

faeliiudasay 2 WesnsnduvaneigaNsy
AuAaullueuYeINSInveeNA U DI
Sovag 95 (Test Uncertainty Ratio: TUR)

11NN 4.6:11 LUAIDYNHNANN T ULLA

MINUTENIANTENTHATITUFUNNUALAATIY
wushurusuafiseluiualaaavdetuy
wanalaelsd 1 ml LAy 10,000 CFU/mL
o LYaIa® 139 4 log,, CFU/mL Fatiu
ASANUIAIAT TUR = LN INanseua/A1Aana
Liwdueuvesiealfifinis = 4/0.2783 = 14.37
PNNYMIANFUHA fhodnsinansnmalins e
SrnuLUATISeRaun = 2.66 log,, CFU/mL
[2.38, 2.94] #30 460 CFU/ml [240, 871]
9AAARDIN LN UNVDINANI UNUIDIIUNNT

AR ULHILNINTFIU

anUs1eNa

NIATININATIERITIUIULUATILTY
Tanualagds pour plate WUTHANIINTIA
nsrzviveainiaseiva 4 auuaneaiy
ageliivedfyveadd druandeauu
mmgmmaqmw‘h%ﬂﬁ (Sp) neluiies
U USRI UAILIIRSgIY 1SO 19036:2019
Y89%0IUURN598ITINeN iU 0.0946
Farrmu iUy ueUuTeINITNTIVINATIEN
998N NAAIN 3 drufe

1. Technical Uncertainty (U....)
U JURN1598T1INe 1R 09iN15AIUAY
AuANYRINIINTIITe T zAlunndunoy
TauA NSTUFIE1N N19138919A0879
n13AUANEAMATTIUNITUNAIDE1 wag
Fumoudu o vesmvadeu wimnalidiide
Fanursaietuld Wy Jumeunstasietis

mMsluUafmeg1e N51389719679819 NSRS
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pwnaiasade sy Faduauvmiiviliiae
Technical Uncertainty ol whazRaUuRnTg
2%dlA1 Technical Uncertainty an9 14
A15ANWIVRINTTANG ASAT Lazaaz!! laan
M5¥eld (S,) 189NNSATITIATIZIUT A
QAuvsERmualundn s msnnieuuilna
LaZUULLYINAY 0.1462 tag 0.1970 ANaeU
LAz Yunxia Wang hagamuz? ATUINIAN
AN3YEIlE (S,) NNSATITILATIEI Aerobic
Plate Count Tuseagnauulaa S, winiu 0.0291

2. Matrix Uncertainty (U, ;) H9210
aulliifuiodenfumesinedgiiiumegey
mmaué’haéﬂqwmaauﬁiﬂauyszﬁ lAUSune
vesszduLdoduvidludniinaaeu Inns
N8V poor reproducibility %ﬂ%xﬁﬁﬂgﬂ
Tuseg97idu solid matrix Tngtanis
WA e nsfitemsatvedradudiu
Usgnou LU 91115UTeLAN ready to eat
2eNK MsAnuWansENUTeLieasfiets
wazrUsznnvesuATiSefidinanan1nny
LU UYDINITNAFRUNITATIING VRS
Aeddnn erduns wunnmseududeRentu
Ya9Rieg19linansEnuaaa1AIdllLL Loy
YBINITNAFBU WazNUINULAVBILUATILSE
liifinasoAranulsiiliuyeuveanisnaaaunig
a%7inen daifu fegaifu heterogeneous

material AANUlLBUUBUAUSDAanAIle

TenshUSUNUA7e8 9 NadR UL LTS

3. Distributional Uncertainty 131
gnsfifnswIeusegiadu homosenous
material MINTENEVBITOIBUEELU random
distribution vil¥AAA distribution uncertainty
imumzmumi@mﬁ’gaEJ'NLﬁavaﬂiL%ﬁm

ey pour plate Hudu

dyuna
A15UsERMAIAN LWL WeNaNN
HadwsreImaLdosuunasg TS ld
neluresujUsnig (Sp) a1uu1nsgIu 1SO
19036:2019 YaansTuswIuLUATIE e LA
Tuf798199111195972875 pour plate UMDY
UURNN338T3IMeN udimenmaninisunng
7 10 quUas1¥51d oA Sy = 0.0946 fiA
wihganlumsihllglunmsmenanulduiueu
verelun1ssenunanisnaaeulignan
fiFsmsmummaliudueu wasliusznau

ANSAPAUNALAZNITIIYIUANUADAARDINY

NN

v

VDL UDLLUS
WeaUfURN13A1393993ATILYUTn

M990 o IALLNE IATNANTRTITATIEN

YBIRIDENTNVAINAEVTR hAIUINANITHTID

L3

Aasenvesiaseynauluiesuians

q

UIAUIUNAT Sy Mdielrlardeauu

v '
o a

11ATFIUVRINTVINT LU UINTY ey
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fimsnsavaeuhseiee S, llligaiunae
feafiRnsimunlife 0.1 mnilanAy
el fiRn1sHesiiasgithdefifinase
NINAEeU wagyiNIsUTuUTIwAly sIuds
efimswasuuvasiiiesziluresUfjoing
AIENTINIATIETIAIDE1LALATUINAT Spe

Tmiiielildaiaruliwiueundulagiu

NAANIIUUTENA

YOUOUAMAMANITIN INABUNT AL
MuUsNFIUNSTEuNaIY Lagidmiii
NguUeMNT Wzt mihiiaudinemans

] LY

NSUNNEN 10 auasIvs1dNYIvativayu

9

Asadunulilszauanudnsa
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NINAIAN 2556).
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a5n5uaY (UUT 210) WA, 2543 1389
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AU EMIURINUTUNAINITEUATUNAINIYINTS

Nsasemsuaren Wunsansduinemansuay
weluladiiinguszasdiiieldidudonanauaziuniinig
ANSIUNTNELNINANUITY LAz UNAIINAYINITATU
AR furiguaInetindvINgg A1Asy unInendy eeAng
Wwnuy kazUsznvu divuaiuiweunsnsastay 3 atu
fio atiuil 1 Weunnau-wwiey altiufl 2 Weuwgunau-
Fomay uazatuil 3 ieutugneu-suney Taefidervun
MIANMTUTURBLHIUNTUNANATE WAz UNALIINTS
ai

1. Buunenuiildneifad Dawe wSemeunsee
devizeninisla o wazdllaandou

2. Wunasuiidszezaduiunisudaadaiui
ufideFedliRinsanliiu 5 9

3. ﬂitﬁﬁ;’jﬁwuéﬁaamssJmﬁﬂﬁahmsxmﬁmaﬁmﬁ
Foaudmdauiudsuuuresuenidnnisifiuridwniines
USIUNBNT

4. NesUTIANBNS TeanuAvslunsUasuulacuas
Faaulalunissudesliiansan A AR wiedsu
NIANUNANLANA A YA DUNAINUAIULAL T EL

QUERNEILINT
?N“U“wmmaaulaummnu%mwaﬁmmma £81
https ://he01.tci- thauo org/index. php/

Tnginnisadasanndn uazidgszuy
Wiedsduatunazwuunasuafiiuw
Nsansemnsuaze AmunguuuuiIsnusiuatunui
M5anIAUUn IaRuNA28lUsLATY Microsoft Word
WIANTTANY AG LUULLAGS 1988w TH SarabunPSK
Qu1n 16 point (antiumitelugld 18 point) uazldiau
NUINIUYINANS

n3InvinvaunANULasdayalinus

1. Founau

Tldnrwndunisns mmenlaiiu 125 fadnus
2119 18 point frefisnusvun Iaveusude Taedide
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