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Post-Laparotomy Weight Loss and Pain in BALB/c
and C57BL/6 Mice

Kwanchanok Dejyong and Krittee Dejyong
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Post-Laparotomy Weight Loss and Pain in BALB/c

and C57BL/6 Mice Kwanchanok Dejyong and Krittee Dejyong
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Post-Laparotomy Weight Loss and Pain in BALB/c

and C57BL/6 Mice Kwanchanok Dejyong and Krittee Dejyong
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Post-Laparotomy Weight Loss and Pain in BALB/c
and C57BL/6 Mice

Kwanchanok Dejyong and Krittee Dejyong
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Post-Laparotomy Weight Loss and Pain in BALB/c
and C57BL/6 Mice Kwanchanok Dejyong and Krittee Dejyong

Correlation between Post-Laparotomy
Weight Loss and Pain in
BALB/c and C57BL/6 Mice

Kwanchanok Dejyong’ and Krittee Dejyong®

'Laboratory Animals Service Center, Faculty of Science, Prince of Songkla University, Songkla 90110,
Thailand

’Department of Clinic, Faculty of Veterinary Medicine, Prince of Songkla University, Songkla 90110,
Thailand

ABSTRACT The use of animal models in surgical research can induce significant pain, particularly in
mammals, which respond to pain similarly to humans. Pain affects behavior, appetite, and weight loss
after surgery. This study aimed to compare the effects of pain on pre- and post-operative weight in two
strains of laboratory mice, BALB/c and C57BL/6, which received morphine for post-operative pain relief.
The study also aimed to compare the level of pain expression through facial indicators (Facial Mouse
Grimace Scale; fMGS) at various post-operative time points, relative to pre-operative conditions. The facial
expressions of the mice were scored to assess changes corresponding to pain levels, and the correlation
between weight loss and post-operative pain was evaluated. The results showed a 5% weight loss during
the first 3—4 days post-surgery, followed by gradual weight gain thereafter. The findings indicated that
while morphine alleviated pain, it did not provide complete relief. Furthermore, there was a correlation
between pain and weight loss, with a coefficient of determination (R”) of 0.82 and p = 0.0125 for BALB/c
mice, and R” of 0.97 and p= 0.0004 for C57BL/6 mice. The pain assessment using the facial mouse
grimace scale revealed that pain persisted until day 5 post-surgery. Therefore, despite the administration of
opioid analgesics, post-operative weight loss was observed following abdominal surgery. It is recommended
that pain management should be considered for prolonged pain relief including other analgesics and

anti-inflammatory drugs that act through different mechanisms to relieve pain more effectively.

Keywords: Mice, Post-enterotomy, Weight, Pain
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Supply Management: Technology

Acceptance and Satisfaction
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ABSTRACT Medical laboratory inventory and supply management are essential in the quality
management system. However, there is still a limited system that has been widely used. This study used
a web-based application developed domestically for medical laboratory inventory and supply management,
however, the technology acceptance test has not been performed elsewhere. This study aimed to test
the use and acceptance of the web-based application system technology in inventory and supply management
in medical laboratories. After the trial, the questionnaires were answered to analyze the factors’ influence
by the path coefficient (f) according to the unified theory of acceptance and use of technology and to
evaluate satisfaction. The results showed that the average technology acceptance and satisfaction level was
good (mean 3.51-3.52). The findings revealed that social influence (p = 0.52, p < 0.05) exerted the most
potent direct effect on behavioral intention, followed by effort expectancy ( = 0.39, p < 0.05). p was 0.10,
indicating a small effect size. However, when considering the total effects, effort expectancy emerged as
the most influential determinant (total effect = 0.78, p < 0.05), mediated partially through its impact on
social influence. This underscores the dual significance of effort expectancy and social influence as critical
drivers of technology adoption in the tested system. Although this system assisted in methodically managing
the inventory, equipment, supplies, and laboratory reagents, enhancements were still required to improve
the quality of the system.

Keywords: Web Application, Inventory and supply Management, Medical Laboratory, Evaluation
of Technology Acceptance
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Development of the Quality of Diagnostic
Radiology Laboratories in Hospitals,
Ministry of Public Health, in Trang,

Phatthalung, and Satun Provinces, Thailand

Siriwan Buncharat, Suchawalee Chuamahawan, and Jeeraporn Songkow,
Regional Medical Sciences Center 12/1 Trang, Department of Medical Sciences, Muang District,
Trang 92000, Thailand

ABSTRACT Developing the quality of diagnostic radiology laboratories is important to produce
quality X-ray images for diagnosis and help patients receive the appropriate amount of radiation.
Regional Medical Sciences Center 12/1 Trang, Department of Medical Sciences, has continuously
developed the quality of diagnostic radiology laboratories in 28 hospitals under the Ministry
of Public Health, Thailand, in Trang, Phatthalung, and Satun provinces since 2015 using
the Ministry of Public Health's Diagnostic Radiology Laboratory Standards. With the hospital network
and the Provincial Public Health Office, radiology laboratory personnel have been trained, provided
relevant knowledge, and conducted internal monitoring and evaluations. From March to September
2023, the quality development was evaluated according to the Ministry of Public Health's
Diagnostic Radiology Laboratory Standards 2022. The results showed that most laboratories developed their
quality according to the standard criteria, with an average score was as 82.9%. Among these 28 hospitals,
22 hospitals (78.6%) developed at the good-excellent level (score 70-100%), while 4 hospitals (14.3%)
were at the fair level and needed improvement (score 50-69.9%) and 2 hospitals (7.1%) did not pass the
criteria which needed urgent correction (< 50%). The Regional and General Hospitals scored higher than
Community Hospitals, with average scores of 94.1 and 81.6%, respectively. The topics that gained the most
development with scores higher than 90%, were the process of providing radiology services, equipment,
premises and environment, and result reporting. The document control and safety topics received 80-90%,
while those of personnel and quality assurance received 70-80%. The lowest scores were for organization
and management, and internal auditing and evaluation with 69.6 and 62.5%, respectively. Thus,

these issues should be further developed and improved.

Keywords: Diagnostic radiology laboratory, Quality of diagnostic radiology laboratory, Internal Audit
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(Dispersive SPE) Hmnzan mﬂﬁ?umg'umfjmﬁﬂﬂ%ga
famusaunaznmuwidy e liiAamsuaniu
serIRuisuarrauan Jwaamsazaamuuy
2 189805 suvauremauialulauay uaiusu
USnasiu 1 198505 sreasacagmansznig
n-hexane (PG, Honeywell B&J, USA) uaz ethyl
acetate (HPLC, Honeywell B&J, USA) dadiu
3 69 1 WWNa1sazay 3% D-sorbitol (Lab Grade
Loba, India) U315 3 lulasans usihluasia
Sinedmaiiauaz3inaudeeiaio GC-MS/MS
(7890B-TQ7000C, Agilent Technologues, USA)
Iezimeamaiian Matrix-matched calibration
curve Swsussatasui 2 Ienzieiaeia
LC-MS/MS Ywaasazmadiuld 1 §adans ld
lu Dispersive SPE weh 1 w1 mnﬁ?umgum%m
fianuiseuuaznmwindy udluessazas
dulaaslu micro-spin filters 0.2 pm %@ nylon
(Vertical, Thailand) mnﬁ"'umgum%mﬁﬂﬂ%?q
Wuasazareanld ilvimneisiiouazySunm
aseitasnumindagiganaalgmaiin LC-
MS/MS (1260-5500 QTRAP, AB Sciex, Canada)
ANememnaila Procedural calibration curve

Toadi LOD = 0.005 mg/kg uaz LOQ = 0.01 mg/kg

FAEISLAN 132 TIATIEH

Filamaadl 132 33z laud a9
03371 (CRM, CPAChem, France) ez
Toea3pe GC-MS/MS 106 %ila 1aun 4,4'-DDD
(p,p'-TDE), 4,4'-DDE (p,p'-DDE), 4,4'-DDT
(p,p'-DDT), acephate, alachlor, aldrin,
ametryn, azinphos-ethyl, azinphos-methyl,
BHC-alpha (alpha-HCH), BHC-beta (beta-
HCH), BHC-delta (delta-HCH), BHC-gamma
(gamma-HCH), bifenazate, bifenthrin, bromo-
phos-ethyl, bromopropylate, buprofezin,
butachlor, cadusafos, chlordane-alpha, chlor-

dane-oxy, chlordane-gamma, chlorfenapyr,
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chlorfenvinphos, chlorobenzilate, chloroneb,
chlorothalonil, chlorpropham, chlorpyrifos,
chlorpyrifosmethyl, cyanophos, cyfluthrin, cyper-
methrin, DCPA (Dacthal), DEET, deltamethrin,
demeton-s-methyl, diazinon, dichlorvos, dicofol,
dicrotophos, dieldrin, dimethoate, dioxathion,
disulfoton, ditalimfos, endosulfan sulfate,
endosulfan-alpha, endosulfan-beta, endrin,
EPN, ethion, ethoprofos, etrimfos, fenchlorphos,
fenitrothion, fenpropathrin, fenthion,
fenvalerate, fipronil, folpet, fosthiazate,
heptachlor, heptachlor epoxide-cis, heptachlor
epoxide-trans, heptenophos, hexachlorobenzene,
isofenphos, isoxathion, lambda-cyhalothrin,
malathion, methacrifos, methamidophos,
methidathion, methoxychlor, metribuzin,
mevinphos, naled, parathion, parathion-methyl,
permethrin, phorate, phosalone, phosmet,
phosphamidon, picoxystrobin, pirimiphos-ethyl,
pirimiphos-methyl, profenofos, propachlor,
propargite, propetamphos, prothiofos, quinal-
phos, quintozene, tecnazene, terbacil, terbufos,
tetrachlorvinphos, tetradifon, thiometon, tolyl-
fluanid, triadimefon, triazophos a2 trifluralin

ssmienzilasie3as LC-MS/MS 26 #ile
laun aldicarb, atrazine, bendiocarb, bromacil,
carbaryl, carbendazim, carbofuran-3-hydroxy,
carbofuran, carboxin, fenobucarb, hexazinone,
isoprocarb, metalaxyl, methiocarb, methomyl,
metolachlor, monocrotophos, omethoate, oxamyl,
phenthoate, pyrimethanil, simazine, tebufen-
pyrad, thiabendazole, thiophanate-methyl
oz tolclofos-methyl

3531@512% glyphosate
Jeeilaglisneaulasenaisuae Oulkar
DP warane®” @3anasanaeatNnnuazuall

Taenieaene 10.0 NSN MLAN 0.19% formic acid
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NeueY Vortex mixer Uszanm 1 Wil wwehae
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ANNIFT 80 5BUABINT WU 10 W7 ﬁﬂﬂwquﬁ'mﬁ
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18 centrifuge tube 2u1a 50 Hadas NMaw
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decahydrate 5 n3 ¢rgth DI USuuSmasiu
100 §iadans) 350 lulasans tunaneoas Vortex
mixer L@3 20 mM 9-Fluorenylmethoxycarbonyl
chloride, FMOC-Chloride (Dr. Ehrenstorfer,
Germany) Ty acetonitrile (HPLC, Merck,
South Korea) 300 lulasdas ﬁumaué’aﬂ Vortex
mixer Uszanad 1 W17 wenae shaker 1w 9 10 1A
W§in 209 formic acid 50 lulasans tude Vortex
mixer AsBIFITATNEMIEY filters 0.45 lulATINAT
%10 nylon ﬁﬂﬂwquﬁmﬁmwm‘%n 6,000 SOUABDINT
ﬁqquﬁ 4 pNEnaL@ed WY 10 W wasazae
#insaslaldluanarainds aua 1.5 §adans
W lasrataUsuiaelsiaios LC-MS/MS
(1260-5500 QTRAP, AB Sciex, Canada) lagi
LOD = 0.005 mg/kg ttaz LOQ = 0.01 mg/kg

3531A512¥ paraquat
Ieeilaeldis EURL-SRM (QuPPe-
PO-Method); Version 10.1 (2019)* #agaaehs

BNUaHa L 10.0 NS1 84lu centrifuge tube 2119

50 fiaaans Wxth1¥asy 1009 2aadaths s
USinasthnauiismaenudurasudazaiindath
fseneay (% Water) NN TNUFAIANAINN
Tnnmspasanmsing nsuawnis (2018) tuehe
Vortex mixer ¥4 1 W19 1@N acidified methanol
(1% formic acid Tu MeOH) 10 §adans Hude
Vortex mixer 1 ¥ msiwimfiaq Ty water bath
(WB 22, Memmert, Germany) ‘ﬁqmﬁ{]ﬁ 8042
psrnraFed 15wl e liBuiigungives
mgum%w?immﬁa 3,00058UADINN 14 avniafes
WY 10 Wi geansazareadla Ussanw 1 Faddas
laviaaa micro-spin filter 0.45 um #%i® nylon
mgum%mﬁmmt‘%a 9,000 SAUABUITN 4 BIFI-
walded 1y 10 Wi mansazansdinsasldldlume
waAnE 210 1.5 Hadans i luasiaiauSana
feLe3ae LC-MS/MS (1260-5500 QTRAP, AB
Sciex, Canada) laadi LOD = 0.005 mg/kg uay
LOQ = 0.01 mg/kg

1133LAs1EENe 3 518013 Sezilas
Waluianns aningumuwuazanulannsees
nsuAnenenaasmsuwng ildszuuuimagunin
flesums3usas 113 ISO 9001:2015 uaz ISO/IEC
17025:2017 1§HzAnzinrumsnagauemulsle
wagdiusumsmuauaumwmelu dialihilahld
uadeMzinh@ate Tagyhmsedousetherinuas
ualaifiosinlainussanaradiu Blank sample wéh
WuEsesgIULaaEile NNty 50 lulasniu
ganlansy Hnamigansunsaunay (Recovery)
aglugn 70-120% FMlFIRnNsiumInaday
aulFlareais wazmuaNNITZUIUMITILATIZY
auanas SANTE/11312/2021 (V2)@ Faflu
WUINNIBNITAFIFDUANINYNG BIUAZTDANUA
Tumsmuanaumuwramsitanziluanninglsy
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MsUsEliunslasudndauaznsUssiiumIN
IR (Exposure and risk assessment)
MsUseiiumslasudnaaanseiidanuman
Angiizaninuasua livasaulng® arunales
Uianamsieinuludnuasnaliudazyiia
(wmmﬂu mg/kg) Lﬁaqmnmmwumﬁmm
MN SedananTREANAN 10 SuFULSH NITMSATIA
wutasiig Testheisagiuuen/5naionany
Mavuaaamehmindnudonalifieulnauilaalu
1 Yu (mhadlu g w5e kg) annaUSinaasiy
fuslnaazlausmamsiviaulnglasuly 1 Su

' < v v ¥ ) =
(viihetu mg/person/day) ULaIvNIMNLUNNUNIRFE
posnulneang 3 Vaulusaiuwea (ihnu 57.57 kg)
loUSinaasieneulnalasunnams (mhed
mg/kg bodyweight/day) anuuilssiiuaiy
UaannensanNuLdeanaInIslasuduraasi

= = L4 U v = o L%
nmslSesudisunumadeatasamsaindalan
fa Usunanuslnalanaiu (Acceptable Daily
Intake, ADI) w3auUsnuarsnuilaanniu
Aaa0dInual lwuaNNERaN T Mansenuwaziy
DUANYGDFUNMNYBIEUTLNA GaNIT

CDI (%) = (PRBX%) X 100
ADI
CDI = Chronic daily intake (%)
PR = The median pesticide residue results found (mg/kg)
ADC = Average daily consumption of vegetables and fruits (g/person/day)
BW = Body weight (kg)

ADI = Acceptable Daily Intake (mg/kg bw/day)

We

wihsnuisviiegaumiiumsiudiada
LASENAIDEINUAEATINILATIEVAIDEINANUDE
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Monitoring of Pesticide Residues in Vegetables and Fruits in
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Monitoring of Pesticide Residues in
Vegetables and Fruits From 77 Provinces

of Thailand in 2022

Weerawut Wittayanan', Pakphon Chaphonpak®, Khanittha Phutthasukha®,

Sasithorn Sukreeta’, and Kingkaew Kanchanaratana®

! Bureau of Quality and Safety of Food, Department of Medical Sciences, Nonthaburi 11000, Thailand

? Regional Medical Sciences Center 1/1 Chiang Rai, Department of Medical Sciences, Muang District,
Chiang Rai 57100, Thailand

’Regional Medical Sciences Center 6 Chonburi, Department of Medical Sciences, Muang District,
Chonburi 20000, Thailand

‘Regional Medical Sciences Center 9 Nakhon Ratchasima, Department of Medical Sciences, Muang
District, Nakhon Ratchasima 30000, Thailand

’Regional Medical Sciences Center 12 Songkhla, Department of Medical Sciences, Muang District,
Songkhla 90100, Thailand

ABSTRACT The collaboration between the Department of Medical Sciences and the Bureau of
Food Safety Extension and Support the Bureau of Safety Extension and Support, Ministry of Public
Health, Thailand, has performed a national monitoring programme assessment for pesticide residues in
vegetables and fruits. 385 samples were collected from major markets in 77 provinces of Thailand in 2022
and were evaluated for the potential health risks associated with those samples. All samples were sent
to the ISO/IEC 17025:2017 accredited laboratories of the Bureau of Quality and Safety of Food and 4
Regional Medical Sciences Centers including Chiang Rai, Chonburi, Nakhon Ratchasima, and Songkhla,
and were examined. The current project was focused on quantifying 132 pesticides by GC-MS/MS and
LC-MS/MS using the multi-residue methods combined with the single residue analyses of glyphosate
and paraquat. The results showed 43 pesticide residues ranging from < 0.01 to 4.13 mg/kg were found
in 47.0% of the samples, with 34.3% above the maximum residue limits. There was contamination of 3
pesticides including 2 banned pesticides; chlorpyrifos and paraquat, and glyphosate which has restricted
use by the Ministry of Public Health, Thailand, presented 7.3, 0, and 2.3% respectively. Ten pesticides that
found the highest contamination were assessed for health risks for the Thai population, and regarding
the WHO ADI, all were in acceptable safety risks for exposure. Yet, some vegetables and fruits from
markets are still detected with pesticides higher than the limits. Therefore, it is critical to regularly monitor

and control the pesticides used in vegetables and fruits to minimize their hazardous effects on consumers.
Keywords: Pesticide residues, Vegetables, Fruits, Acceptable Daily Intake
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Novel Distinct Sequence Identifiers in Measles Virus Genotype D8 in Thailand
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mMansm gel electrophoresis WaKAANTI52DY
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[

swab %38 nasal swab lUgehalSaszuulseam
wazszuuluadsulaia dorvuideineraans
NFITUGY NININNTASNIUNNE tilaeniums
Tutuaoumsly PCR product Tsqns dema
1hen QIAQuick Gel Extraction kit (QIAGEN,
Germany) TniuSeanuEududBuadienia

Spectrophotometer (NanoDrop, ND-1000,



maaunuaauiheale ndlviuadhiavasenus D8 Tulszmelny

8an3eN antn uazAe

TN 1 INNUMBENNATIIUENMNENDIEUAzNA LGz ILNPRINNTAUENE Uamil sz

wazaara LUl w.6. 2567

#nag () /iwa
<11 1-4 1 5-9 1 10-14 1 15-19 1 20-29 U > 301 NN IY
WHIR/ANa 7E | BaN | B8 | wale | e | wdle | 20e | e | 2w | B9 | wE | AN | e | W | e | wal
UBNE 13 4 29 33 15 9 7 4 0 2 4 4 0 3 68 59
wizlasas 1 1
Wasussng 4 4 17 23 8 5 3 3 1 1 1 2 33 39
SETRIE 1 1 2 1 3 2
mnlu 2 1 1 2 2
AN 1 1 2
fle 1 1 1 1
FTIIRE: 6 8 6 3 1 3 1 1 2 2 1 22 12
oz 1 1 1 1 3 1
CEGAGE 2 2
glwsln-an 1 1
Uil 10 8 44 38 23 20 5 5 4 4 2 3 4 3 92 81
Waslaani 1 1 3 1 1 1 5 3
Tanlng 2 1 2 6 1 4 1 1 1 2 6 15
Tofunu 1 1
nene 2 2
USERNIGN 1 1 1 1
Uz 1 1
e 1 1 1 2 1
839 2 1 1 2 2
S 3 2 16 17 9 7 3 4 4 1 1 36 31
7UBIAN 3 3 19 11 12 6 1 1 2 1 2 2 1 38 26
EGR) 4 2 6 7 3 5 1 0 0 0 0 % 0 0 14 16
LU 4 2 6 7 3 4 1 13 14
ageza 1 1 1 1
Tutiaaan 1 1
e 8 5 14 16 7 4 3 4 0 1 5 14 7 10 44 54
NI 1 3 6 11 7 3 3 2 3 5 2 5 22 29
ingaua 1 1 2 1 2 3
aanvinaliy 1 1
WUz 1 1 1 1 1 3
wenan 2 1 1 2 2
selua 1 1
dzian 2 1 2 1
dxihdan 3 2 1 3 3
Faviung 1 1
malug 4 2 4 1 1 5 3 2 11 11
ERTY 35 19 | 93 94 48 38 | 16 13 4 7 11 23 11 16 218 210
C o nmsnsnsingnenansmsunng
Un 67 avui 2 wwey - lguney 2568




Atchariya Lukebua et al.

Novel Distinct Sequence Identifiers in Measles Virus Genotype D8 in Thailand

€3

184

[0]8 S

14

usenu

€¢g

el T

9%

GRLMe

I

NRINU:NTS

GM=zU

w

nune|

ST

W z_,HC GH

ver

62 otT

99

HLBLNEIE
HLOWQ

us-upuR

LuLpL

2LRICY

=3

203

(CIP]
|

aLILn

;HC_.S

annze

LT T g

6%

1€

BLEGLEMDEIE

i 44 T 8

«[1 %8 ol

¥6

%0

«[1

«[1

%6 xI

x0

0 0 0 g 9 0 0 S i4

*[1 *G *T %0 *[1 %G *T %0 *[1

LT L

%0 *[1

€39

x0

bELEYALL
BLegLen

BUILE/BEUDL

BLesepuitees

[t 62-032

[L 6T-GT [t ¥I-0T

(eurdoeA YN HEVENEW LLUYEREN/ (L) wrme%

L9GG "I'M [LFt], LERBMIZEY LBRR Lt mrﬁmp\wﬁs\m\_}v\wﬁé_wmq,_&mn@__aj3HWr@vﬂﬁ°zﬂrsc_mj fLREERIBUZEN

LY S\NFwaﬁkvmmﬁm

GPDW@HWPC @\m\nw?mm@m G UBLELY

m s

M55NTHANENANTATMTUNNE

a
'
a

1 67 AUUN 2 WEBY - WOUIBY 2568

:{]J

(]

-
(2]
(o]



o
v

%

Y

2aRaEN 9NN UazAN

19

£}

wus D8 ludsemealng

Saviaang

1o lne luizashs;

=

MIAUNUMAIUTIAD

@

v

CIUE]/BLOUTE] +(] ‘DEW G MBULNLV]RUYT 4G ‘DLUY T MBULMNLBIRYT LT BULMNLBIRVIN] O :BUIRLIK

0T 9T LT 06303 O T 9 |9 3 o0 9 |% T o0 9 € € T 2|03 ¢ €& 8 |1z & 8 €SI T i 6% ree
8 I gz 11| 7% 1 Voo 1 S 1 S fauyoiu
1 1 TN
1 S 1 S RERLNAR
€ 1 3 LozR
1 1 BRY3L
4 1 € LeutLn
€ T T 1 anat
1 1 MR{REUDELY
4 T 4 1 1 LERMENE T
¥I. 6 & 9% | 9 1| g € g 1 % |1 ¥ s |s €& & oI 4 MU
ve 11 ¢ 8 (e o T e st T o €|TI o o O[T € T &[T ¥ o 9 (€ € & 2w/ 0 1 21 Lerbg
1 T LBRBAAN
1 1 1 1 LeRRNE N
v €2 1 4 s |1 4 9 N6
9 o o %[0 o0 o0 oO0|& O O O|O0O O O O|T O O O[3 O 0 9 | I 0 0 & | 0 0 9 (L3R
1 %@ «T «0 |« x@  «T 0 | 4«1 «8  «T 40 [« x@  xT 40 |« x@  «T 40 [ 41«8 4T «0 |« 48 T *0 «[1 «T x0 cuiLe/BEurt
BLeseguitree [ O€ < L 63-02 [L61-ST L ¥I-0T [ 6-S nLv-1 RI>

[
(ourooeA YININ) HEWLNew)eLuBeaet/ (1) BLEbeR

L9GZ "M L] LERMIZEN LEAR MLBWV[L BLECLEHBLUNENEREUILERLWIIN]BLENANRLOURT MILERIBUALT RN BUUL{MUNEINGULNLLILLULLILNLRER B UbLELY

(cw)

o

¢

NIANINININETAINIIULNNE

a

a

1]
a

7 67 AUUN 2 WWBY - FOUIEY 2568

TJA

]



Novel Distinct Sequence Identifiers in Measles Virus Genotype D8 in Thailand

Atchariya Lukebua et al.

USA) iiammsienzimaauiinnala lngd (DNA

sequencing) wazmananwughsaviasaly

Msmarauiinedlalng 5aranie35 Sanger
Sequencing
msmaauilealelnduashiavamemaiia
Sanger Sequencing 1% primer MeV216 Lag
MeV214 T,ﬂﬂsl??quww BigDye Terminator V3.1
Cycle Sequencing Kit (Applied BioSystem, USA)
Toena3en sequencing reaction MU 2 ¥idN LN
forward primer (MeV216) a2 reverse primer
(MeV214) lagld DNA template US1105 5-8
TuTasans Jufuanudndures DNA #ldvh PCR
product 1ﬁu§qw§ ﬁl’m"qﬂ DNA purification
ﬁﬂt‘%ﬂgﬂ (Agencourt CleanSEQ, USA) NNy
i liessimsiauiinadlelndalsiaias
Sequencer Genetic Analyzer i;‘u 3500 (Applied
BioSystem, USA) wwadilaludiasizviuaz
anagaugamMwrsIaIauingla lndemalsunsy
Sequencher Version 5.4.6 (Gene Code Corporation,
USA) uazlusunsy RECall Failulusunsuiildly
woslfuansiadadevauasiaeasiumlan
nuE$e Phylogenetic Tree laglalusunsa
MEGA12%” Wisuiiisuaseuiiinalalnaiilasu
a1auiinndlalnduasaneWugsnedanedasdns

awnglaniiaiensimaenughiavasaly

M53tA312Y Phylogenetic Tree 22903a1i0
esianudunusmanugnssneee e
% °o v a = sa v 3
waarnarauiinadlaln@iilaainnisvmy Sanger
Sequencing luduuas Nucleoprotein (N) gene A%
#m 450 TAdlalng Wsuieaunumavinedlalng
pavharasanugsvdezevasdnisamndalan

(WHO reference strains) a1uiu 24 aﬁﬂﬁuﬁ:(l)

Toglalusunsy MEGA12 wuazds9 Phylogenetic

N3N ININNENFASMTUNNE
7 U 67 atiun 2 ey - igueu 2568

Tree M35 Maximum Parsimony Tree Toaidan
bootstrap 31U 1,000 # Fea1aWug 50
-9 (ld' v v L4
nnanewugnlaazsenudlulugudayares
padmsawNalan (Measles Nucleotide Surveil-
lance: MeaNS2)"® Taanaumsasdayaiinluly
Judays MeaNS2 azdaenmsasaaewugons

Y o w

WUINNNSNTRYBINR N SBINNELan 63t S1aeu

v 1 v
YU A R

thedlalndnmnnnmadingihalasase Tiadaiu
@uaIEg MVs ¥nlaanalagai laannnsuania Ly
< g v&d X v v . v v A

HABINZLAEN THAIEaTUA UMY MVi eI NaIea
@ o A o v vy A XY
AWIANNYBIAIBEN MNeIedalssne Taalded
] d' < v CY v £ r'd

gaNUuanamanes 3 Musn MuAEFlaims
ST UABEN (Epi Week) wazil a.6. garhe
A numageiiiuly Epi Week 11 ot

Yy MVs/Pattani. THA/10.24/2

ﬁﬂﬁswmﬁﬁ'ﬂuugwﬁ
Tasensiishumsiusaseruasesssuluau
AINAULNITNAITNAISHUINISANBIIdeluay
ASIANENAFNSMIUNNEG SHALATINTINEY 6/2568
SWaLana155uU599 DMSc-EC043 ilauil 15

UNPN W.F. 2568

We

fradnangihessdaiandaliaiaan
wamsaimssza ludaniasean sxan Jaoil uaz
UM Awamsanamasnugnssuzashiaia
meAs RT-PCR Mikaduuin wazanansadesney
Wanenughsavineemsin Sanger Sequencing 16
S0 428 draeha Tusnuil 1 98 Gaethe uan
10 21L08 THINAFA (W LiaeaEwa) Aapdviay
T azuz vnna szlue auen sxthdas Saunas
wazalvgl) MU 127 e LHUIIN 10 BILNB
Tudaniaus1sna (tarzlades tliasusisnag

UYL NN LU VAT 899 52U9E TDLEE ASENAS LAz



maaunuaauiheale ndlviuadhiavasenus D8 Tulszmelny

8an3eN antn uazAe

glualn-an) 173 draee 90 10 awne Tudanie
ool (iesilamil TanTws lifury nevia Yeenauas
Uz1nts e 8859 82939 WaTWuedan) uaz 30
fMaee N 4 LN Tuamiaezan (Lipeza) e
YUam wazaeyn) Kamsiensianauineala lng
Tudu Nucleoprotein (N) gene 21100118 450
fhaalelnd 1w 428 dhathe diawSsudsusuaeu
fhedlalnduashaiaaawugarsdenatesdnis
aundiglan M 24 shewug wuhiaauihadle ng
asnubiaieaenus D8 uigniuunsantilu 20
Distinct Sequence Identifiers (DSId) Usenauae
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DSID 8717
[ DSID9167
DSID 8971
[ DSID 8830
[ DSID 9204
[ DSID 9165
[ DSID 9108

DSID 8914
96 &

DSID 9203

DSID 8813
7t DSID 9134

DSID 9144
— DsID 9107
[— DsID 8913
[~ DsID 8775
[~ DSID 9202
100 [ DsiD9143
DSID 9106
— DSID 8851
4 DSID 8581

o

‘7 GU440571
87 L 54 [ AF243450 Victoria AUS/16.85-D7

ian.Yunnan.CHN/47.09-D11

80 AY037020 llinois USA/50.99-D7
U01977 llinois USA/89/1-Chicago-1-D3
2, U01976 Montreal CAN/89-D4
38 P AF481485 Victoria AUS/12.99-D9
L [ 46758 PalauBLA93.D5
61 AF079555 Bangkok THA/93/1-D5
L[ U64582 Johannesburg.SOA/88/1-D2
72 AY923185 Kampala UGA/51.00/1-D10

D01005 Bristol UNK/74-MVP-D1

83 L46750 New Jersey.USA/94/1-D6

L46753 New York. USA/94-B3
AJ232203 Ibadan.NIE/97/1-B3

51 U01998 Yaounde.CAE/12.83-Y-14-B1

U01994 Libreville. GAB/84-R96-B2

U01987 Edmonston-wt. USA/54-A
73 X84865 MVs/Madrid. SPA/94-SSPE-F
X84879 Goettingen.DEU/71-Braxator-E
51 AY043459 Tokyo.JPN/84/K-C1
[ M89921 Maryland. USA/77-JM-C2

77

96 AF171232 Amsterdam.NET/49.97-G2
AY184217 Gresik.INO/18.02-G3
U01974 Berkeley.USA/83-G1
f AF045212 Hunan.CHN/93.7-H1

99 AF045217 Beijing.CHN/94.1-H2

100 X84872 Erlangen. DEU/90-WTF-C2

—_—

5

MU 1 anuduiusmadiannmsyeshiaaaewug D8 i 19 DSids Inenvlugiudayazas
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A 9143
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@ 9165
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¢ 9203
© 9204
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NIUMBEILEnmN DSId

5’\1?1'3’91/5“513 85 87 87 88 88 88 89 89 89 91 91 91 91 91 91 91 91 92 92 92

MUIUTIN
81 17 75 13 30 51 13 14 71 06 07 08 34 43 44 65 67 02 03 04
et 1 156 2 9 1 1 1 1 1 173
EAER 1 63 2 1 1 67
HNUBIAN 59 4 1 64
<

Tanlns 15 3 1 1 21
wastdaanil 8 8
8259 3 1 4
e 2 P)
PRLE) 2 1 3
USERNIGN 2 2
Uzinisy 1 1
Tafunu 1 1
uNsNA 13 170 8 6 5 5 1 1 1 1 127
WasusNg 44 8 9 5 1 5 72
JEay 9 15 7 3 34
ERIGaE: 3 1 4
WU 3 1 1 5
anlu 2 2 4
@zlasaq 1 1
38195 1 1 2
Tl at] 11 2
qlwﬂn—an 1 1
48 2 2
9 68 19 107 1 1 1 98
e 38 3 1 7 1 1 51
e lug 13 8 1 22
dxindag 6 6
iagaam 4 1 5
Feian 3 3
Aapavaslie 1 1
selua 1 1
WU 1 3 4
UNAI 1 3 4
FuAg 1 1
gean 23 7 30
LR 7 27
Waseea 2
YU 1

PUIMUTIN 14 317 2 43 1 1 1 17 5 5 1 7 1 1 1 1 7 1 1 1 428
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10 20 20 40 so 7 20 %0 100

EERRY PETRY PR PEPRY PEPEY PEPEY PR PR PEPEY PEPEY PR PRERY EERRY PEPRY PEPRY PRPRY PR PEPY PR PR |
DSID 8717 GTCAGTTCCACAT TGTT DSID 8717
DSID 8775 DSID 8775
DSID 8813 .. .. DSID 8813
DSID 8830 .. .. DSID 8830
DSID 8851 .. .. DSID 8851
DSID 8913 .. .. DSID 8913
DSID 8914 .. .. DSID 8914
DSID 8971 .. .. DSID 8971
DSID 9106 .. .. DSID 9106
DSID 9107 . DSID 9107
DSID 9108 DSID 9108
DSID 9134 DSID 9134
DSID 9143 DSID 9143
DSID 9144 . DSID 9144

.. DSID 9165
.. DSID 9167
.. DSID 9202

. DSID 9203
DSID 9204

DSID 9165
DSID 9167 ..
DSID 9202 ..
DSID 9203 ..
DSID 9204

DSID 8717 DSID 8717
DSID 8775 DSID 8775
DSID 8813 DSID 8813
DSID 8830 DSID 8830
DSID 8851 DSID 8851
DSID 8913 DSID 8913
DSID 8914 .. .. DSID 8914
DSID 8971 .. .. DSID 8971
DSID 9106 .. .. DSID 9106
DSID 9107 .. .. DSID 9107
DSID 9108 .. .. DSID 9108
DSID 9134 .. .. DSID 9134
DSID 9143 .. DSID 9143
DSID 9144 . DSID 9144
DSID 9165 DSID 9165
DSID 9167 DSID 9167
DSID 9202 DSID 9202
DSID 9203 DSID 9203
DSID 9204 DSID 9204

DSID 8717 DSID 8717
DSID 8775 DSID 8775
DSID 8813 .. .. DsSID 8813
DSID 8830 .. .. DSID 8830
DSID 8851 .. . DSID 8851
DSID 8913 DSID 8913
DSID 8914 DSID 8914
DSID 8971 DSID 8971
DSID 9106 DSID 9106
DSID 9107 DSID 9107
DSID 9108 DSID 9108
DSID 9134 .. .. DSID 9134
DSID 9143 .. .. DSID 9143
DSID 9144 .. .. DSID 9144
DSID 9165 .. .. DSID 9165
DSID 9167 .. .. DSID 9167
DSID 9202 .. .. DSID 9202
DSID 9203 .. . DSID 9203

DSID 9204 DSID 9204

DSID 8717

DSID 8717
DSID 8775 .. .. DSID 8775
DSID 8813 .. .. DSID 8813
DSID 8830 .. .. DSID 8830
DSID 8851 .. .. DSID 8851
DSID 8913 .. .. DSID 8913
DSID 8914 .. .. DSID 8914
DSID 8971 .. .. DSID 8971
DSID 9106 .. .. DSID 9106
DSID 9107 .. . DSID 9107
DSID 9108 DSID 9108
DSID 9134 DSID 9134
DSID 9143 DSID 9143
DSID 9144 DSID 9144
DSID 9165 DSID 9165
DSID 9167 DSID 9167

DSID 9202 ..
DSID 9203 ..
DSID 9204

.. DSID 9202
. DSID 9203
DSID 9204

DSID 8717 DSID 8717
DSID 8775 DSID 8775
DSID 8813 DSID 8813
DSID 8830 DSID 8830
DSID 8851 DSID 8851
DSID 8913 DSID 8913
DSID 8914 DSID 8914
DSID 8971 DSID 8971
DSID 9106 .. DSID 9106
DSID 9107 .. DSID 9107
DSID 9108 .. DSID 9108
DSID 9134 .. DSID 9134
DSID 9143 .. DSID 9143
DSID 9144 .. DSID 9144
DSID 9165 .. DSID 9165
DSID 9167 DSID 9167
DSID 9202 DSID 9202
DSID 9203 DSID 9203
DSID 9204 . DSID 9204

At 3 wamauSsuiisuaduihealalnduashiaiamenus Ds 1wnu 19 DSIds finenuasausn
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First Identification of Novel Distinct
Sequence Identifiers in Measles Virus
Genotype D8 During the 2024
Outbreak in Southern Thailand

Atchariya Lukebua', Kannikar Kwanchum', Narawan Punngram’,

Prasopchai Aramrungroj’, Duanpen Chuapudee', Thanapol Preamkamon’,
Sutatip Treepolauksorn®, Pawinee Doung-ngern’, Chatmongkon Sompan’,

and Pilailuk Akkapaiboon Okada'

!National Institute of Health, Department of Medical Sciences, Nonthaburi 11000, Thailand
’Regional Medical Sciences Center 12 Songkhla, Department of Medical Sciences, Muang District,
Songkhla 90100, Thailand

*Division Of Epidemiology, Department of Diseases Control, Nonthaburi 11000, Thailand

ABSTRACT In this study, genetic analysis of the measles virus genotypes was based on nucleotide
sequences of the nucleoprotein (N) gene and phylogenetic analysis in 428 samples from measles
outbreaks in Songkhla, Yala, Pattani, and Narathiwat provinces, Thailand, in 2024. When compared with
the World Health Organization (WHO) reference nucleotide sequences of 24 measles virus genotypes, the
identified sequences belonged to genotype D8. However, these sequences were classified into 20 Distinct
Sequence Identifiers (DSIds), indicating variations in the nucleotide sequences within the D8 genotype.
The 20 DSIds identified in this study were DSId8581, 8717, 8775, 8813, 8830, 8851, 8913, 8914, 8971,
9106, 9107, 9108, 9134, 9143, 9144, 9165, 9167, 9202, 9203, and 9204. All of these DSIds were detected
for the first time in Thailand. Notably, 19 DSIds were newly reported in the WHO Measles Surveillance
Nucleotide Database (MeaNS2), except for DSId8581, which had been previously reported in Malaysia.

However, this study was unable to determine the origin of the virus due to insufficient epidemiological data.

Keywords: Measles, Measles genotype, Measles in the Southern of Thailand
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Immunogenicity of M. tuberculosis Antigens: Ag85B, ESAT-6, Rv2660c

and Ag85B-ESAT-6-Rv2660c Fusion in Mice

Panadda Dhepakson et al.

unin

Youls@ 1138 tuberculosis (TB) tulsnfinize
ﬁﬁmmqmmﬂ Mycobacterium tuberculosis
(Mtb) Zuiiaiimsfaie Mtb aansouclagly
1 ] =~ I £
sumezasnyedlaglaiudasarnsnialuinlsa
szazuely Feazdiinessagaz 5-10 NRMSAILTY
ypalsaldidlinulsaszazuanaarnms (active TB)
d{' ' Va d;y = a Y e s o ]
Wasnnsumezasgaadaigidniumas il
fIN30MUANMITNTINULBNEDLE denalize
ananlugeaensduriumessuuimaey wazdl

< U (1)
1mstautheauan

1031 Bacillus Calmette—Guérin (BCG)
[ v o Y =~ a = cl' 4 & '
WuTaduialsaiesriio@einldludagiuaue

4 g o y . s
U a.d. 1921 Faduindudailusaugnd (live
attenuated vaccine) Ha0NLHD Mycobacterium
bovis Tagaansollasiuinlsazfiaguusluidn
uwidssansawlumsilasiuindsaazanasluglng®
[ 3 =2 o o Iq - L | dl' A’
ganudedanuandulunswauiaduiiaiug
Uszandamligaduniigy Tegwmzuszmalng
d! =l 1 s < [ [ v
Fafidaymnsunssznnavesinlsagalusuaueu
209lan F9dpAAAINUUKUENSAMENSIuNTE R
ulsa (389 MSFUFSTUMTIBUBLNAUIUIANTTY
matlasiu quasnw wazmunainlse lasuuili
Tumswanniaguinlsaludagiuimslduaudau
N 1 glie nwannagulugluuude g a1i

v o

4 ] < . .
m*ﬁmﬁm*ﬂuaaquﬁ (live attenuated vaccine),
10TUEBY, viral vector vaccine, protein subunit
war DNA vaccine 1@8RanISANINUINIATY
MNINTINITERUMInDUAUBYBNTEUUYNANNU LU
NAaY wazdindla subunit NogsEWiNMINAFaU
Tuaiyud®

nasdanuiludagiumidnsiunaln
msoiiuzaslsaluunazszas BaEaazinsasa
Tsfuinerdaenussuugiannuzes host #

1 -7 o v L v -7 -7 =
waneeiy M lndagiuuurldunsiamuniagy
Julseaziimsaanuwuulndunlsenaumetaudiau
a v a &
NULENDDN U8z UIDIMIAATD LAz Tag
HagUszadianszauniannulumsilasnuinlse
lunnszes anzeivededithranglumssanuuuingy
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Yasnuialsalugduuuindu mRNA loglduaudiau
Ags5B (Rv1886c 1138 Mycolyl transferase 85B) "'3!0
Huwauduiiisrasiunssuiumsaamiagad
Iﬂﬂﬁlxﬁ‘mﬁ"\ﬁlﬁ a3 mycolicacid N arabinogalactan
2a9utEad Mtb™ lag AgssB azudaeannly
stezBuduwsImsiniauazazanasiinnmeuly
AgssB ﬂ'i::(filulﬁlﬁgﬂ humoral 8z cell-mediated
immune response ldnalugtheinlsnszazuaas
NSz IazLEN® waudtaw ESAT-6 (Rv3sT7s
w58 Early Secreted Antigenic Target 6 kDa) W&6
NN Mtb UaZVaI9aNINUBNEAT ANNTHNTD
Tumsnszeu T-cell laams3uiu TLR-2 receptor
LLéI’JFTI"UéIzQ Downstream Signal Transduction® uaz
fimsdnmmssudalusiu ESAT-6 azanany
§uusmau§a Mtb LLazﬂ’izGiluﬂ'l‘iWébﬂ IL-8 283
epithelial cells U3nanlan Fufluuaudeululiiio
i Mtb uaasaaninasudaiiiaslulBinaiigmnssey
yasmsinde sundadluhusnglumsiannms
as1adflassuaziadullasiuialse™ uanarnil
faiinsnufinuihuauiiay Rvzesoc suilulusiu
waudauinuldnnluszazuds viwihitnszdu
human macrophage Tiasha Pro-inflammatory
cytokine #1u TLR-2 signal laginmsanswuh
Rv2660c aansonazdumaain IFN-y lTugdaa
szl ldgan g Aaidassazuansems e
Wulvlalumsihawann Post-exposure TB
vaccine® Tagms@nwnaumhlaimswauniady
Hs56:1C31 %x‘lLﬂu"Zﬂﬁﬂ subunit vaccine ﬁﬂs:ﬂauﬁaﬂ
waudau 3 Flinaenan wazdimsanumluszau
clinical phase Togld 1C31 Hu adjuvant NN
Anwwuiieguianulssady wazaansonszou
pfiguAuldd Feiaduriinilfinadnmnaesses clinical
phase 2b®
msdnniiinguszasdiiladnmmanssau
RANTUYBIULAUGAAY Ags5B, ESAT-6, Rv2660c
war Ag85B-ESAT-6-Rv2660c gﬂLL‘U‘U fusion
protein tilal#ilugayalumsaanuuunasiann
Faguiloanuinlsaguuuy mRNA daly
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UHae INDRAT uasns

mse3sauauiay Mtb Tusduuuldstivgnuan
Anwsas Escherichia coli

383 Mtb antigen 911w 4 JUuuy laun
Agss5B, ESAT-6, Rv2660c Loz Ag85B-ESAT-6-
Rv2660c JUWUU fusion protein lagaanuuuuas
Juaneviduusada Mtb leun AgssB, ESAT-6,
Rv2660c woy AgssB-ESAT-6-Rv2660c lagiiu
Ags5B uaz Rv2660c duaizvidiu FLAG tag
sequences (Wandatulmesu 5° daufiu AgssB-
ESAT-6-Rv2660c dutas1eviaiu FLAG tag
sequences laanaafularaaiy 3 lusaeiidy
ESAT-6 58 6xHis tag sequence ﬁagjuuw*mz
wanade NnturMsNUSINaEuRdaeeia Y
druUfiser PCR lealdiauled Qs DNA
polymerase (New England Biolabs, USA) ua
Wil lddendafunaraio pET21a(+) (Merck
Millipore, USA) meaulysl ligase (Promega,
USA) lusmuniaeulzsidaanme Ndel waz Xhol
NN transform 191g E. coli sewiug TG1 udh
N lAaUNHEANINFNANNFNAUALATINFDUAIOY
iandlelnduasduiiuninagluwarafiadas
BigDye™ Terminator v3.1 Cycle Sequencing Kit
(Thermo Fisher Scientific, USA) nauinly
transform L°qul”|§j E. coli maﬁ’uﬁf ClearColi™ BL21
(DE3) (Biosearch Technologies, USA) lilDHEn
Tusiugnuan TaswilsnhliAamsuaalusdude
Isopropyl p-D-1-thiogalactopyranoside (IPTG)
(Thermo Scientific, Italy) logldamumngiiuas
seaznanlumstnzdasimanzan®® §uil smsu
Seanduuuyilrou AgssB iy 0.04 mM IPTG
wazt,ﬁymﬁqmwgﬁ 12 seenuaded unm 20 Falug
Snanduuutilaau ESAT-6 waz Rv2660c L& 0.4
mM IPTG waztﬁyﬂqﬁqmwgﬁ 37 aNegaLdad
Wune 4 Hlus wardeeniuuusilaay AgssB-
ESAT-6-Rv2660c fusion L6y 0.4 mM IPTG
wangﬂqﬁqmwQﬁ 37 saenuaded i 24 5l
nnnuihlusiuliuignilosldinaiia affinity
chromatography éwsulUséu AgssB, Rv2660c

wae Ag85B-ESAT-6-Rv2660c fusion protein
1% Anti-FLAG affinity column chromatography
(Millipore, USA)? TUs6iu ESAT-6 1% Anti-His
affinity column chromatography (Novagen,
USA)" ud) dialyze lWadlussazars PBS pH
7.4 Wi eiU3ana endotoxin Tosldgarien
Pierce™ Chromogenic Endotoxin Quant Kit
(Thermo Scientific, USA)®® nauihlUfanagau
nszqunianiulunynaassdaly
MsAnwINIINIEAUYNANIUTaILauAIY Mtb
Tusvuvulisdvgnuanludninaaas
MMIRONTLAUNYNAaIaI8NUg C57BL/6
el 81y 6-8 dUavi (Nomura Siam Inter-
national Co., Ltd, Thailand) Tasuuuilu 5 ngw
nguaz 6 0 leud nquiidadeuaudiauniinsns
4 ngu laun AgssB, ESAT-6, Rv2660c uaz
Ag85B-ESAT-6-Rv2660c fusion Uaznguamuau
WadU (negative control) Fedaduasazans
PBS (Cytiva, USA) U31nas 5 lulasnsu/dose 1%
Aluminum hydroxide (OZBiosciences, USA)
S 0.1 §8an58 1T adjuvant lesdadriunan
US1as 50 ulasdns/dose 1N 1leEIYINa (subcu-
taneous) PBANYIIUIU 2 A%y szaznavhany 4
flond mmsizfuden sy 3 ad Teaane
\dannniauduny 91w 2 051 A3 0.2 fadans
fnmdauiinndii 1 uasdauianasduaian 2 wauile
dugamanaasamdsionszauasu 4 Fai vims
Euthanasia %y aeendau Isofurane (Attane,
USA) tudeanniiila s1iu 1 a3 U505 0.5
findans waziushy iidaeluiuuendSuield
NAFBUMINTLAUHNANAUUWUY humoral immune
response wazihiulunasaunsnszdugiannuy

WUl cell mediated immune response

3usssumNseludnd
msanwiseludainaassiirumsiansen

AFENUIIUMS LEFOINAaDI NININNALEITNATNT
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N1INAFAUNITABUAUBININYNANAUUYY
humoral immune response Tne?5 Western
blot

4" = o = = o v

VAN HIANMINNINILYBILBUA VDA LTSN
d‘ Yo = v \ = =

wyilasumsianszquaslisfuuaudian AgssB,
ESAT-6, Rv2660c Loz Ags5B-ESAT-6-Rv2660c
fusion 10eAS Western blot (3uauUMENIsSIAIEN

| a < a o
Tsaunusgndludsana 3-5 lulesnsu waz

= . o v v
10384 Polyacrylamide gel NANLINYY 12-15%
° = kS o [ .
mmsuenlusdumanminlutanaeis Sodium
dodecyl sulfate polyacrylamide gel electrophoresis
(SDS-PAGE) mea3asuenlusiuaanszualuih
(Bio-Rad, USA) mnuummseneldsiuain gel
luUglqusiy PVDF membrane (Bio-Rad, USA)
Taaldszuumsmelauarenszua Wi (transfer)
@8LA589 Mini Trans-Blot cell (Bio-Rad, USA)
PNUUMNMS block membrane A8aE1592818 5.0%
skim milk (Millipore, USA) lutiviwa$ TBST
(Tris buffer saline pH 7.2, 0.05% Tween-20)
Togunfigaumgiivios iunan 1 73lu wiah 4 peen-
= vV =l dl' Y L ] Y a %}

walded wuihuay weilesnulilitiansduiuy
Tz ntiudndsueamyiidansluasazae
1.0% skim milk Tudwwas TBST lusasdu

) VoA a v ] <
1:100 W lusiigamgivisslesweiiu 9 Wuom
1 #7lag 1iBATUNIAINNINISAN membrane 678
d15azare TBST MUIU 3 A599) 8¢ 2 W7 UaIaN
anasMaasazana TBS (Tris buffer saline pH 7.2)

A o v AMv AY M Yo o =

wianmandsunlaulaaunulusiuuy membrane
PNUULGY goat anti-mouse-HRP (Dako, USA)
Miaaaly TBST Tudns1di 1:1,000 wasuni
gamgivindlasweiu o Wunm 1 2l nntua
membrane MUIU 5 AT UAILANEITaTAE
3,3',5,5'-Tetramethybenzidine (TMB) substate
(SeraCare, USA) a4lUuu membrane tiam i
= = = 1 v U
woaduutavlustunazarunamamila
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MINAdauNITRauAUaINIIiANA UYL
humoral immune response la#35 Enzyme-
linked immunosorbent assay (ELISA)

laAnHaMsaNILauduaa TNz luEsx
wyitldsumsdanszdudalisiuuaufiou AgssB,
ESAT-6, Rv2660c ttaz Agg5B-ESAT-6-Rv2660c
fusion 1p83s ELISA Budusianmsiadauiwan
ELISA strip (Thermo Scientific, Denmark)
delusduniinlanfionila @ail AgssB, ESAT-s,
Rv2660c %38 Ag85B-ESAT-6-Rv2660c fusion
Tutsina 0.5 TulasnSudovau Unwaniinamgi
4 BNFLTALBEE WUTNAY NS block twanaae
#1582aN8 5.0% skim milk luasazars PBST Uw
figumgiivias Wunm 1 Hilas udrdawandas
PBST $1104 3 a5 mntiuduciathadsuiidenluy
d159vae 1.0% skim milk lusasiaiu 1:100 USuas
50 lulasdns Unfigumgiivies Wunan 1 Hlas
Frawaneas PBST 57u9u 3 @39 L&n Rabbit
anti mouse (DAKO, USA) lusns1du 1:10,000
Usmasvauaz 50 lulasaas uniiguugiivas
Hlunm 1 $las drawandas PBST s1uu 4 A3a
MUY TMB substrate (Thermo Fisher
Scientific, USA) vguaz 100 lulasdas Uil
qmwgﬁﬁaﬂuﬁlﬂﬂuum Wuna 30 il udvge
Un3enee 2.0 M sulfuric acid (Merck, Germany)
Usinasuaaas 50 lulasdas hlugnamaganauuas
RLIGELE Absorbance Microplate Reader
Sunrise (TECAN, Switzerland) Henuemaay
450/630 WIluLu®s Iesnzvinanlalusunsy
GraphPad Prism V.9 (GraphPad, USA) law
MaFeuiisuanuuananszninngy logldane
Two-Way ANOVA waztd3auiaunnuuanen
5¢1WI9@e35 Bonferroni”

m‘ms:@i’umaéﬁwmﬁanmaaumsmauauaama

NN Filuﬁ'uu,‘l_m cellular immune response
ihihaumasvyudasiiieglumsazais PBS

waaly cell-strainer 210 70 luA50Y (SPL Life

Sciences, Korea) n3a4aN petri dish (Greiner
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UHae INDRAT uasns

Bio-One, Thailand) wazuniine@I8 syringe
plunger (Terumo, Japan) mﬂﬁy'uﬁwziaa"‘lu petri
dish #ilaluiluanaznoufianuEisau 700x g nan
10 Wil Agaunndl 4 aseaidaa Mntuh cell
pellet snmlitlinidanuniunn Taald ACK Lysis
Buffer (Invitrogen, USA) U33163 3 {83865 UN
faampiivias 1 107 Teswehin q Husses nniy
ngaUfisenlasnsin Complete RPMI Medium
(Gibco, USA) il 10% Fetal Bovine Serum, FBS
(Gibco, USA) Us11as 10 fadans s luiud

ANNISITOU 700x g 1381 10 WTi Ngaumadl 4 aeen-
[walFed uaawad splenocyte filaes Complete
RPMI Medium 80 1 a3 asnausadens 5 103503
Complete RPMI Medium siudhunuzasmalea
ndasgansael (Zeiss, Germany) MNtUnszduLzad
splenocyte filddaasnszduniinda 4 loanguiida
melUsiu AgssB, ESAT-6 uaz RV2660c Nz6u
wadele 5 lulasnsu/iaddans AgssB (Abcam,
United Kingdom), ESAT-6 (Abcam, United
Kingdom) waz Rv2660c fuaatues mueau
dunguiidacelusfiu AgssB-ESAT-6-Rv2660c
fusion navduradmslsfunsaaiansauiu
T6un AgssB, ESAT-6 uaz Rv2660c ianuudiug
udazziia 5 lulasndu/fiaddas Tasiinguiidace
PBS (flunguaiuau uanmﬂﬁluuﬁiasﬂ&juﬁﬁﬂ
woudiauil negative control #iliinszduizadas
Tsdula q Tuveaaneass (unstimulated) way
positive control finszduadeng 25 wlunu/
488865 Phorbol myristate acetate, PMA (Sigma-
Aldrich, USA) $3unu 1 lulasnsu/88da0s lono-
mycin (Sigma-Aldrich, USA) uasnnmineasd
t@n co-stimulator loun 5 lulasnsu/fiadans
anti-CD28 antibody (Biolegend, Canada)
waz 5 lulasnsu/3iaddns anti-CD49 antibody
(Biolegend, Canada) ¥ 5x10° splenocyte bu
complete RPMI medium ifi 10% FBS 431103
50 lulasdnsdanan 96-well plate (Thermo
Scientific, Denmark) wanAuaINTEAUUTINGT
50 lulasdas/vaw Uniwaniigamgdl 37 asen-

walded 5% CO, Wuna 72 °§3Tm mﬂﬁ?mau
Brefeldin A solution, BFA (Biolegend, Canada)
i 1:10 Ysanas 2 luTasdasdavay uwdniy
wanaadn 4 1l Lﬁawqmmwé"wm cytokine
panuanwad duanaznaui 500x g 8 5 W
1Na1wed supernatant lUnadaumuSina cytokine
findieanuIMeusnEasalamaila multiplex

assay

MAeNLHUSH cytokine: IFN-Y, IL-2 uaz
TNF-«a 1agi3 Multiplex assay
MMIaNeEmUSIna cytokine findsaan
MNAMEUBNEAE TnenAead splenocyte B8
manszquinnasaulasliyethen MILLIPLEX®
Mouse High Sensitivity T Cell Magnetic Bead
Panel 96-Well Plate Assay (Millipore, USA)
Toaa3anasuasgu leun interferon gamma
(IFN-Y) tae tumor necrosis factor-o (TNF-o)
TiReMNTNTY 0-2,000 NIANTN/NBBEAT whae
interleukin-2 (IL-2) T¥AANN@NLGY 0-4,000
iWlan3u/fadaas lu Assay Buffer uosnatheninu
NNESENIWAT 96 vaulagiin Wash Buffer 284
qmﬁwm U305 200 lulasaas aslunquiidasms
nagay wehiwan Wunm 10 il Agumgives
w8239y Wash Buffer aan t@nas81a931 50
TuTasaas asluvauiimvue Mntiudn Assay Buffer
25 lulasaes asluvgunadauae uazinae N
25 lulasdns avlunguiieniu wezen Magnetic
Bead titallasiumsanaznay uduin Magnetic
Bead wawmfwm“?iaﬂamﬂﬁ'w Anti-mouse
antiserum FUAGN 9) loun anti-IFN-Y, anti-1L-2
uaz anti-TNF-o @nlealidaas Usunes 25
lulasdas avluudasngy Yawanmeaunuildy
(plate sealer) nniuvamandeuruaedLite
Hlasuuas wanihmanluuwuueissaiigamail
2-g pamalEd WIui AL e 16-18 Falua
awanes Wash Buffer U3303 200 lulasaas
10w 3 A%y ududin Detection Antibody #a31®
when Usanas 25 lulasaas avluudazvan Yawwan
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Meaukudy wazvatwanasununoss wewan
Ngaungiivias Wunm 1 7lae 1 Streptavidin-
Phycoerythrin 2830110 U3ias 25 lulasdns
Uawanamsunuildy wazviaiwanalaununaad
o ' a VoA a v I3

wanlusnvwedssed Ngamgiives Wuna
30 17 lilaATUNAENIWaNGI8 Wash Buffer :1uiu
3 @39 NNUULAN Sheath Fluid PLUS 283010en
avluudazvgn Usmnaes 150 lulasdaas mmsiaen

Id = Y o a I'd v -

wan Wuna 5 i wanh i nednameinias
xMAP® INTELLIFLEX System (Thermo Fisher
Scientific, USA) lag/l#lusunss Belysa® Immuno-
assay curve fitting V.1.2.2 (Merck, Germany)
nnthraneulainiensidayadialisunsu

T7 terminator'

AmpR promoter

Rv2660c-pET21a(+)
5622 bp

GraphPad Prism V.9 lagmsiUSeutiisuany
UANGNNTEVIN 2 NGY A8 Mann-Whitney Test

We

MItmIsNLautan AgssB, ESAT-6, Rv2660c
waz Agg5B-ESAT-6-Rv2660c fusion NNGa
E. coli

mMslaaudiu AgssB, Rv2660c oz Ag85B-
ESAT-6-Rv2660c hgwanaila pET21a(+) Fadu
@ FLAG tag sequences a1l ESAT-6 gnlaau
whgwaadia pET21a(+) Fuinsu 2a9 exHis tag
sequence @nsuldlumsGamunsuaaseanuay

P v a £ o =
uenlus@uliudgnd asuaaslunnd 1

(D)

MU 1 weuMWeasIsnaia Nusszudndunldlumsasalusiuuaudinueeie Mtb loamslaay

Ehwmefieumiansdas iz Ndel uaz Xhol emuaneu las (A) mslaauiiu AgssB,
(B) mslaaudiu ESAT-6, (C) mslaaudiu Rvze6oc waz (D) msleraudu AgssB-ESAT-6-

Rv2660c g pET21a(+) N0V
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UHae INDRAT uasns

dathTusdufilduimsiensiamnauay
anuusgnsuasllsiudemaiia SDS-PAGE was
58 Western blot analysis wuuauzaslsiuizne
Wennulszanm 31.8, 10.0, 9.0, 50.2 kDa 289
Tuséiu AgssB, ESAT-6, Rv2660c oz AgssB-

Ag85B
KPa 4 41 2 kwa M 1 2
170— .
- 170- oo
2 - =
- -
40— 40— ==
ol 35— .-
25 = R ol ;.—-‘h;ﬂ_g kDa
Lo 15— .
10- 8 10- =
(A) (B)
Rv2660c
kDa M1 2 kDa M 1 2
170= 17088
70— 70~ -
55— 55— -
40— 40— =
35— 35— .
25— 25- -
15— 15— .
10— - 10- 88 -- 9.0 kDa

(A) (B)

ESAT-6-Rv2660c fusion duaIay Zaannaed
AualuanaNNMIMamgaIaunInazily
aauaaalunini 2 uasannisasIamvinnm
. oW ' o o v a £
Endotoxin lulUsdudagnmenasmsmlvuigns
WUDHNABETENIN 0.01184-0.02604 EU/ug

0 ESAT-6
a
M 1 2 kpa M 1 2
170—- 170
70— ‘ —_—
55— 70—
40— 95— .
25 - 40— "
- 35—
- - 25—
15_38 15—
10— - - ' iy 10.0 kDa
(A) (B)

AgB5B-ESAT-6-Rv2660c fusion
kDa M 1 2 s M 1 2

170~ S 170~
o -
40-ms S W « 50,2 kDa
35.- et 3‘5-“ ——
25— . 25—
15— = 15-'.
10- 18 10~
(A) (B)

a a < °
NN 2 NMINTRAFDUANNUIFNOLUILANNNLNILYDI Ag85B, ESAT-6, Rv2660c oz Ags5sB-ESAT-6-

Rv2660c fusion (A) SDS-PAGE uazdannig Coomassie G-250 (B) Western blot analysis

ToalUsiiu AgssB, Rv2660c oz Ags5B-ESAT-6-Rv2660c fusion 1% anti-FLAG polyclonal

antibody wuazlUsiu ESAT-6 14 anti-6xHis monoclonal antibody lumsasiageu lag

M: protein marker, 1-2: lUs@uitasaula lot 1 uaz 2 Mmuaeu

N113M3ARIUBUAUBAINAITABUAUBINIG
Qﬁﬁi’ NNUULUY humoral immune response 728
25 Western blot
PINNITATIAFBUANINIUNIZBILUTA Y
Agss5B, ESAT-6, Rv2660c taz Ag85B-ESAT-
6-Rv2660c fusion ﬁﬁmﬂ%‘tumsﬁmﬂszﬁu Toglsd
waudvaaniianuswz leun anti-agssB rabbit
polyclonal antibody (Abcam, UK), anti-ESAT-6

mouse monoclonal antibody (Alpha Diagnostic,

USA) waz anti-Rv2660c rabbit polyclonal
antibody (GenScript, Republic of Korea) Wu
waudvaddananansasusimziulsaung
stuuudenuazgUuuL fusion 16 Taafieinasanadas
fuwoulusiuidandrs Coomassie faudasly
M 3
waENNMIANHIMINBUFUBINTNHANA DB
wauAUBA BTN UNGNETIN 9 62875 Western blot

° MW v o < A Py o = [ ]
IG\EI‘NW%‘SN%ENQ@L?IN‘YI 21 2817U wamﬂuamwmu
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[
v v

1:100 Wumynannaaaelusiu AgssB U 5

q

v
v oal v

Tu 6 6 uaznynguniameallséiu ESAT-6 nnen
TUséu AgssB
uaz ESAT-6 Muaou weldnumsauaniwzeed

T
aa o v

FNITFTINLAUAUDANINNILA
= = =~ v 1 d‘d v =

wauAUad luESuwaynauiaaalusiu Rveeeoc

dmSununguidamelysiy AgssB-ESAT-6-

Rv2660c fusion LNaIININAFDUNITAIVINNIEHD

TUstiuns 4 #ila leawuhusufvadludSuveny

anti-Ag85B antibody

<

AR RE T

+

nqufidadaeTiusiiu AgesB-ESAT-6-Rv2660c
fusion d@wseduanmizlenulusiv AgssB-
ESAT-6-Rv2660c fusion, Ag85B ez ESAT-6
Tavavan udwuhiliiiesdiunnuydai 2 uas 4
fenansaduiuTusiiu Rvaesoc 1e uazliwumsdu
fuwzmasuaudvadluiFumamynndalunguiida

e PBS dalusdiunnaiio dauwaaslunni 4

2
kwa M 3 M 4 \py M S M 6
170= = 170— —
70— == — 70- - -

- 55— = - 55— - —
40— - 40— == PN
35_ - i 35— - -
25— - 25— -
1= - 15— - .

10— 10—

anti-ESAT-6 antibody
)

anti-Rv2660c antibody

(A) SDS-PAGE u,amwumLLa:ﬂawuu%qwgwaqTﬂsﬁu AggsB, ESAT-6, Rv2660c Wag

Ag85B-ESAT-6-Rv2660c fusion 14 lane 7 1-4 mua1eou (B) Ha Western blot Waman15u

PUNILYDIUBUAUDH anti-Ag85B rabbit polyclonal antibody, anti-ESAT-6 mouse

monoclonal antibody wa¢ anti-Rv2660c rabbit polyclonal antibody Ty lane 9 1, 3 waz 5

MNIOU war Ags5B-ESAT-6-Rv2660c fusion M lane 9 2,4 wae 6 9Na10U lag

kDa
M 1 2 3 4 M1
170 o .
70— - 70— &
55— .
40— W €=50.2 kDa 20— —
35— = 35— ==
=31.8 kDa -
25— W 25— -
15— 15— .
— 4=10.0 kDa 10— -
- W o « 90 kDa
A)
MW 3
M: protein marker
(A)
kDa M Ag85B M Ag85B M AgssB
245 —
75—~ =] ]
63— — —
48 — — —_
35 — = - -
25 _ i =2 p— £ ap -
20 — .
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Mouse no. 1.1 1.2 1.3
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Ag85B injection

M Ag85B M Ag85B M Ag85B
ot = .=
e — el
- o 4 —
- ’ el
- - -t 4= 31.8 kDa
1.4 1.5 1.6



MINTEAUYNANAIULBIUBUARY M. tberculosis ¥1ia Ag85B, ESAT-6, Rv2660c

w8z Ag85B-ESAT-6-Rv2660c fusion lUNYNA9DY UTiae nwenas uasa

(B) ESAT-6 injection
kDa M ESAT-6 M ESAT-6 M ESAT-6 M ESAT-6 M ESAT-6 M ESAT-6
245—
75—
63—
48—
35—
25—
20—
17—
11~
10.0 kDa
Mouse no. 2.1
©

Rv2660c injection

M Rv2660c M Rv2660c M Rv2660c M Rv2660c M Rv2660c

Mouse no. 3.1

D)

Ag85B-ESAT-6-Rv2660c fusion injection

2 3 4 M 1

50.2 kDa
31.8 kDa
10.0 kDa

9.0 kDa

kDa
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70—
55 —
40 —

35 —
25 —|

Mouse no.
E) PBS injection
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Immunogenicity of M. tuberculosis Antigens: Ag85B, ESAT-6, Rv2660c

and Ag85B-ESAT-6-Rv2660c Fusion in Mice

Panadda Dhepakson et al.

MM 4 Western blot uaaemsivinnzrasuaudvedludueasnynulusdunldlumsionszdu (A) nau

#idaealusiu AgssB (B) ﬂa:uﬁﬁﬂﬁ'miﬂsﬁu ESAT-6 (C) ﬂéuﬁﬁﬂﬁm‘[ﬂsﬁu Rv2660c

(D) ﬂéuﬁﬁmﬁm‘[ﬂsﬁu Ag85B-ESAT-6-Rv2660c fusion aalUsfiu Ags5sB-ESAT-6-Rv2660c

fusion, Ag8s5B, ESAT-6 waz Rv2660c Tu lane ‘7; 1-4 MU uaz (E) nziumuqnﬁﬁﬂﬁm
PBS aalUsfiu AgssB-ESAT-6-Rv2660c fusion, AgssB, ESAT-6 uaz Rv2660c lu lane

71 1-4 aua1au laa M: protein marker

N1IAIIINIUBUAUAAIINNITABUAUBINIG
Qﬁﬁi’ ¥NUUUY humoral immune response A28
35 ELISA
HANITANEINITADUNUBINNANANAIUYBY
upuAvad ludsurynaNeN 9 62835 ELISA Taeih
Fuiiunouianszdu Fundionsan 1 uasidu
wAaEaAs 2 sasmyudase andansludondiu
1:100 warnaaaumsduInmzAuTusiunndai
dA1EMINAFDULAEINY LaanunyNgunaday
fidacelusiiu AgssB, ESAT-6, Rv2660c Uaz
Ags5B-ESAT-6-Rv2660c fusion fimsaavauas
uaneeiu daneuiisuiumynguemuguiidade
PBS lognunmynaunaiuan msnsiamuauiuad
aalUstiu AgssB, ESAT-6, Rv2660c (o Ags5B-
ESAT-6-Rv2660c fusion 46 OD,., ., #1071 0.1
WAINNMITON 2 P59
Tunsdenzilsinausudvadaalysiu
AgssB wuhmynauiidansedudasluséiu AgssB
fieh OD,, .., WAHRNGIUNAINSEAATIT 1 uas 2
Toafidnadswriiiu 0.213 uaz 1.354 MNAIGU
wudefunguiidadielusiu AgssB-ESAT-6-
Rv2660c fusion wuhlumsdaasedl 1 uas 2
i@ OD,,, ...

MINBIAU FIUANGINDENN U1 AQYNINTD

wasNgadwily 0.553 waz 1.431

@
(p<0.001) WanSauiisununguauay Tuaaenny
naundamelusiu ESAT-6 uaznguiniaaalysiu

Rv2660c 3f1 OD MN7 0.1 NAFNMINATDY

450/630

ananalumwd 5(A) drulsSuuusudvaiae
TuUs6u ESAT-6 lunyngundeemalisiu ESAT-6
<A

Nﬂf] OD450/630

wae 2 laaNe@ALYNNY 0.159 LA 0.847 MNIINU

WAYNNGIUNAIMIRANATDUATIN 1
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worwuhnguildadaelusdu AgssB-ESAT-6-
Rv2660c fusion vdsiinniadi 2 i OD,, .. i
dingeudu 0.732 Hwanesagaiveddgme
d06 (p<0.001) Lﬁal,ﬂ%'ﬂmﬁﬂuﬁumjumuqu Tu
anifivynduitdadeTusiu AgssB uaznguiiaa

aelusfiu Rvaeeoc ien OD,, .. #1071 0.1 NNAN

450/630
MSNAFOU ALFAS UMW 5(B) waznunusunm
a s = 1 d'd v
wauduadaaluséiu Rvzeeoc lunynguiniaes
TUséiu AgssB-ESAT-6-Rv2660c fusion 1aviia
3 e" =
ANN 2 4 OD, ..

FuUanaNaeNNNeEAYNNED6 (p<0.001) LHD

PPN <L g
LQBBLWNQQ?I‘NLUH 0.204 ‘[ﬂﬂ

Wisuifisufiunguauay ualinumsesuaussluy
nquiidadielusiu AgssB, ESAT-6 was Rv2660c
sausaslumnil 5(C) Usinaweudvaddalusiu
Ags5B-ESAT-6-Rv2660c fusion Tunynguiida
ASait 2 delusfiu AgssB uaz AgssB-ESAT-6-
Rva660c fusion iieh OD,,, .. wistiingedudy
1.030 W8 1.272 MNEIAU Fauaneaasheiitesaay
yaadd (p<0.001) WaFsuiisufunguauau
dudedunguiidadelisiu ESAT-6 wuih
Tumsiieadsil 2 e OD wasviugeaudy

450/630

0.358 ZUANANDENIUIFIAUNNEDG (p<0.01)

WaSsueununguauny luaasnnyngunide

9

aeluUsiiu Rvaeeoc i OD, .. 61131 0.1 NNZN

450/630

MSNAFDU AIudadlumnd 5(D)

MAENLHUSINM cytokine MNNISAAUTUAY
magﬁ@i’mﬁ'mmu cellular immune response
m835 Multiplex assay
A o A v oW a .
WaANEINNANNUTUA cellular immune

response %@ cytokine MAANINMIRANTLAUNY



MINTLAUNNANNUYBILBUGAY M. tuberculosis B0 Ag85B, ESAT-6, Rv2660c

uar Ag85B-ESAT-6-Rv2660c fusion 1141/11‘5!“/!6‘!6?]\1

UHae INDRAT uasns

A) Anti-Ag85B

OD 4507630

(®)} Anti-Rv2660c
ns
r g 1
2.0 5 ns 2
T * 1
o
g 1.5
>
Q 10 2
)
0.5
0.0 v e, - fé -
® o © >
A N
X ec_,?‘ &@@ & *oe\oo Q
&
¥
o
vs

Pre-immunization

(B) Anti-ESAT-6
ns
2.0 , ik .
ns
§ 1-5. edede
2 1.01 e
© 4]
0.54 ;
0.0L—r ; ; L -
o
w Q:,q?"g" ”&.{ti:\o“ ®
&
3
Q&
}
(D) Anti-Ag85B-ESAT-6-Rv2660c fusion
Jedkek
o
8
o
g
[a]
(o]
1stinjection [ 2nd injection

Wil 5 uasaemMIleNsisduiduiunaseuivedluiuuemynguiidanssdudiaTusiu AgssB,
ESAT-6, Rv2660c, Ags5B-ESAT-6-Rv2660c fusion taz PBS daldsiu (A) Ags85B,
(B) ESAT-6, (C) Rv2eeoc waz (D) Ag85B-ESAT-6-Rv2660c fusion 1aegA5 ELISA

*p < 0.05, **p < 0.01 Was *** p < 0.001

meallsfunaufinuuaszaiin laanmsAauaniaas
splenocyte MINFUNYLAZNTHHUTIUUY ex vivo e
Tusduil#fanssdu uamsdiansyiuiana eytokine
T8uf IFN-Y, IL-2 uaz TNF-a finaseansnmeuan
178 splenocyte VNAUNOFDN Menatla Multiplex
assay fidaae (mean) Fanaaalumsed 1
ToanuhuSina IFN-Y findtasnsnmeuenisas
apavynguiiaonagaudslisiu AgssB udnszdu
alusiiu AgssB fiemdsgeniinguaiugu
fidads PBS wasnssduenelistiu AgssB aeh

Nuad AN Nadd (p<0.05) Togfismaswiiu
256.74 WAY 31.42 WIANSN/NAFANT MUAU dIU
USnas IFN-Y zasnynguiiaacalusfiu ESAT-6,
Rv2660c wae Ag8sB-ESAT-6-Rv2660c fusion
wdhnszdudhelustusiiodenduiaaluny fidinds
29UFaneay IFN-Y AU 16.46, 239.99 way
501.65 WlANTN/A0aa0T MuMAU genihnguiidn
o8 PBS udnszquengluséiu ESAT-6, Rvee60c
ez AgssB-ESAT-6-Rv2660c fusion aeNdile

]
oA

SANNEDa (p<0.01) lasvynguiniaeiy PBS

9
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Immunogenicity of M. tuberculosis Antigens: Ag85B, ESAT-6, Rv2660c

and Ag85B-ESAT-6-Rv2660c Fusion in Mice

Panadda Dhepakson et al.

fiemaeyasSinanas IFN-Y whiu 0.34, 0.51
WAz 25.30 MNEGU eeudaslumni 6(A) uaz
MeNdUs TL-2 indasnnmeuanisas
lunynquiidadaslusiu AgssB, ESAT-6,
Rv2660c waz Ag85B-ESAT-6-Rv2660c fusion
udinssdumaddslusiuaiodafuiidaluny
finasraeUSinawes IL-2 AU 4,187.63,
68.95, 1,048.22 LAY 466.20 NlANSN/NadanT
MuaRy Idiegeanivynguiidodis PBS uas
nszaumalusfiy AgesB, ESAT-6, Rv2660c uas
Ags5B-ESAT-6-Rv2660c fusion agWiitadAey
NNE6 (p<0.01) T@awgnéuﬁﬁmﬁw PBS ildiaa
29U U9 IL-2 (NNU 28.26, 21.75, 40.22 WAz
42.34 oNeeU dauaaslunni 6(B) druns
Arneifiina TNF-a wuhuynguiidadaslisiu
ESAT-6 uaz Rv2e60c uanszaueialusiuniio
Wi flenmasasUsinanes TNF-o Wiy 63.80
o 142.36 Wlansu/Aaddns mudau Fegend
wynquiidadis PBS adiitaddnmnieaid
(p < 0.01) FeildmaeveslSinawes TNF-a
WU 31.67 AT 42.84 WLANSN/TadANT MNAIAU
wuiﬂu%gmjuﬁfﬁ@é’m Ags8s5B uaz Agss5B-
ESAT-6-Rv2660c fusion wanszquealusdiu
ooy fienadsraniinomes TNF-a geiu
pENNUBEAYNNEDH (p<0.01) danZeudiey
fuiad splenocyte ilailafimanssdu udwuily
nqumuauiidmasren/iinuees TNF-a geiu

anszdudialusiiu AgssB uazlusiiusau
Ag85B+ESAT-6+Rv2660c é’mamﬂumwﬁ 6(C)

SsunamIeNeiUsina IFN-Y, IL-2
wezr TNF-a szwinnguiidonaaeudislysiu
Ag85B-ESAT-6-Rv2660c fusion uainszeuaie
Tuséiu AgssB, ESAT-6, Rveeeoc wazlUstiusiu
Ags5B+ESAT-6+Rv2660c LUSautiisunu
nquaruAN daudaslumunil 7 wuiinsnszdu
melusiu AgssB, ESAT-6 waz Ags5B+ESAT-6+
Rv2660c fifmas/3anm IFN-Y ganhnguauas
pE NN AUNNEDR (p< 0.01) ToafeaaeSunm
IFN-Y wnAU 638.39, 2.98 WAz 501.65 NlANTN/
1999035 Uaz 31.42, 0.34 UL 25.30 NIANSN/NAFINT
aaaau fauaaslumni 7(A) wasiidiaaaUsanm
IL-2 tjjﬁyu pENitedANNEdd (p<o0.01) load
Anas WA 302.44, 99.46 LAY 466.20 WIANTN/
100003 Lz 28.26, 21.75 WaY 42.34 NLANSN/NadaNT
ouadu Taglainwunsiiingsduees cytokine
14 2 70 nmManazdueeTisiu Rvaseoc faudns
Tumndi 7(B) dhumsienziusinm TNF-a wuh
iionsedfudelusiiu AgssB fieinaeSanm TNF-a
gﬁuathﬁﬁ’ﬂﬁﬁtgmmﬁﬁ (p<0.05) Taafianas
NNV 353.23 UoE 189.39 WLANSN/NaAaNT MUNAU
wazlainuanuuandeadivasdyyasmas
USaay TNF-« Lﬁaﬂizﬁuﬁ'sa‘[ﬂiﬁu ESAT-s,
Rv2660c oz Ags5B+ESAT-6+Rv2660c ANULEAI
Tumwit 7(C)

MINN 1 WaNIIANUTIIM cytokine NYAIDBNINMEUBNIYAS splenocyte YBINYNADDINILLNATIA

Multiplex assay

Concentration (pg/ml)

Injection Stimulant IFN-Y

IL-2

TNF-«

Mean (min-max) Mean (min-max) Mean (min-max)
PBS unstimulated 0.41 (0.00-1.73) 19.92 (15.42-26.72) 35.13 (22.91-56.10)
PBS AgssB 31.42 (1.58-139.52) 28.26 (12.98-40.47) 189.39 (72.48-356.26)
Agss5B unstimulated 0.67 (0.50-1.10) 26.41 (21.77-32.62) 33.28 (19.08-46.64)
AgssB Agss5B 256.74 (17.47-1,005.13) 4,187.63 (1,889.54-5,503.64) 268.50 (118.81-467.89)
PBS ESAT-6 0.34 (0.00-0.82) 21.75 (8.93-36.29) 31.67 (18.23-43.20)
ESAT-6 unstimulated 0.77 (0.55-1.10) 30.18 (20.80-47.98) 47.27 (38.82-50.95)
ESAT-6 ESAT-6 16.46 (1.20-89.19) 68.95 (34.77-138.78) 63.80 (46.43-100.85)
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MINTLAUNNANNUYBILBUGAY M. tuberculosis B0 Ag85B, ESAT-6, Rv2660c
Loz Ag85B-ESAT-6-Rv2660c fusion 1141/11‘5!‘/!6169\1

UHae INDRAT uasns

M3 1 HaNMTIATLHUTINY cytokine NMABBNINMEUDNLAE splenocyte DINYNANDIGILLNATIA

Multiplex assay (¢8)

Concentration (pg/ml)

Injection Stimulant
) IFN-Y IL-2 TNF-«&
Mean (min-max) Mean (min-max) Mean (min-max)
PBS Rva660c 0.51 (0.00-1.43) 40.22 (25.28-68.39) 42.84 (24.40-56.80)
Rva660c unstimulated 1.10 (0.50-3.54) 41.86 (20.18-125.18) 44.13 (25.80-82.63)
Rva660c Rv2660c 239.99 (33.05-470.61) 1,048.22 (120.42-2,643.29)  104.36 (100.99-157.60)
PBS Agss5B+ESAT-6 25.30 (0.88-88.07) 42.34 (25.16-58.22) 142.36 (71.32-304.84)
+Rv2660c
Fusion' unstimulated 0.64 (0.28-1.08) 16.79 (9.49-24.17) 35.89 (22.34-58.64)
Fusion' Agss5B+ESAT-6 501.65 (81.19-1,953.84), 466.20 (154.73-993.18) 322.11 (151.69-546.81)
+Rv2660c
Fusion' AgssB 638.39 (55.73-1,377.26) 302.44 (81.71-735.17) 353.23 (296.70-439.27)
Fusion' ESAT-6 2.98 (0.80-5.06) 99.46 (43.41-149.65) 43.06 (26.70-61.87)
Fusion' Rv2660c 9.24 (0.59-47.55) 66.82 (21.10-94.55) 74.97 (33.83-167.43)
wanaLwe): Fusion': Ag8sB-ESAT-6-Rv2660c fusion
(A) (B)
Ll
600 5000
= = 4000+ Z
£ o0 ** E
é " > D 3000 #Z
- 2 Z %
iy 2000~ Z —
£ 2004 o Z - .
% = % * —_
£ . * %
1000+ géi >k 1 ~—
Z — ] B
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Injection Ag PBS Ag
Stimulant - Ag Ag

ESPBSES RvPBSRv FuPBSFu
- Fu* Fu*

- ESES - RV R
©

400+
300+
200+

100

TNF-a (pg/ml)
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2%
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o,
2%
Ll
roal
ro<
o
raa
raal

|
ra
Ll
o
2
Ll
Caal
ral
2

Injection Ag PBS Ag
Stimulant - Ag Ag

Injection Ag PBS Ag ES PBS ES Rv PBS Rv

Stimulant

- AgAg

ES ES

- Rv Rv

ESPBSES RvPBS Rv FuPBS Fu
ES ES - Rv Rv - Fu' Fu*

Fu PBS Fu

Fu* Fu*

Ag: Ag8s5B, ES: ESAT-6, Rv: Rv2660c, Fu: AggsB-ESAT-6-Rv2660c fusion, Fu*: Ag85sB+ESAT-6+Rv2660c

AN 6 waAsUSa cytokine loun (A) IFN-Y waz (B) IL-2 ivataanineuanisas splenocyte

mevainszaumalusiu AgssB, ESAT-6, Rv2660c waz Ags8sB-ESAT-6-Rv2660c fusion

log3auiisussninvynguidenadauaialsiu AgssB, ESAT-6, Rv2660c Way

Ag85B-ESAT-6-Rv2660c fusion funynaumuaniniame PBS leawSeuiisuanuuane

5¥¥TN 2 NN 628 Mann-Whitney Test (*p < 0.05, **p < 0.01)

NININININNENFASMTUNNE
Un 67 avui 2 wwey - lguney 2568




Immunogenicity of M. tuberculosis Antigens: Ag85B, ESAT-6, Rv2660c

and Ag85B-ESAT-6-Rv2660c Fusion in Mice

Panadda Dhepakson et al.

(A) (B)
500
* %
1
— 400
< r)
§ £ 300-
g E:
iy o 200
2 =
. |_' 100
[
L] * L] L] L] — ? ITI
Injection PBS Fu PBS Fu PBS Fu PBS Fu Injection PBS Fu PBS Fu PBS Fu
stimulant  Ag Ag ES ES Rv Rv Fu* Fu* stimulant  Ag Ag ES ES Rv Rv
©)
400
O 3004
E
=
£ 2004
i
z
= 100+
Injection PBS F PBS Fu PBS Fu PBS Fu
stimulant Ay Ag ES ES Rv Rv Fu* Fu*

Ag: Ag85B, ES: ESAT-6, Rv: Rv2660c, Fu: Ag85B-ESAT-6-Rv2660c fusion, Fu*: Ag85B+ESAT-6+Rv2660c

2NN 7 uaesUSanar cytokine laun (A) IFN-Y uaz (B) IL-2 fivaseaniunmeuaniaas splenocyte

loguSauisussninmynauniacmelusiu AgesB-ESAT-6-Rv2660c fusion LasnynanNaIuan
niaee PBS udnszquealistiu AgssB, ESAT-6, Rv2660c was Ags5B-ESAT-6-Rv2660c

fusion lagtSauliisuanuuaneaINgsin 2 nay 678 Mann-Whitney Test (*p < 0.05,

**p <0.01)

a 4
AU

Uszindlnadszautdagminisunsssuiaves
Jalsaguiudududuraslan uaznivuaumy
gnaenanslumsgiinlsavasdszmamelull w.a.
2578 fidaaiufugnsaansaasasdnisaunile
Tan®? drawmailnazgitedeiingussasdlums
wannaduilasiuialsaiiilszanimwgs mansa
nszduszuunfiduiunein humoral ua cellular
immune response GauBUAIUTIWIZIDIHD Mtb
finsaunqulunnszazansmsiaide madnmilld
WannTsiuiaouduuu Fufuuaudnuuaia
Mtb 3 %10 MU 4 JUuuU laun AgesB, ESAT-6,
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Rv2e60c oz Ag85B-ESAT-6-Rv2660c
fusion INNIINABBINUNEINITOLABULLEHI I
N FNAIANTUUUNYRIEULADLUBUAAY UaY
Susimnasnazie udndalusaudaeniuuuian
@a E. coli anawug ClearColi™ BL21 (DE3)
Feannsawdenllsiuliionuuignd duanms
asdadauRmanymsraslysiualginaiia
electrophoresis wunlUsiulizuadannasenu
2alutanaIINMIAUINmEaIaUnInaziily
Tael4lUsunsy SnapGene wazaInnISATIAFEDUY
Toglduaudvaiiismzaallsiuudazaiioaae
mailn Western blot uananiwuirlusauil



MINTLAUNNANNUYBILBUGAY M. tuberculosis B0 Ag85B, ESAT-6, Rv2660c

uar Ag85B-ESAT-6-Rv2660c fusion 1141/11‘5!“/!6‘!6?]\1

UHae INDRAT uasns

U301 endotoxin mevasmshlvudgnsagsewing
0.01184-0.02604 EU/pg ashunasinmmuadmsu
nsaenadaulunynaasslasialiiv 0.03
EU/ug"®
lunisnagauanuainisalunisnszeu
RANIUYIMYNaaslagfanadaumMeLaudiaL
1‘1!3‘1JLL‘U1JL6'3'EI’J loun Agss5B, ESAT-6, Rv2660c
LLa:gﬂtmuwau Ag85B-ESAT-6-Rv2660c fusion
wazld aluminum hydroxide (flussiasugns
(adjuvant) MNNANATBUNM IABUSUDINNHTANAY
LUU humoral immune response 928tNAA
Western blot waz ELISA wudhlUsiuuaudiau
Agss5B, ESAT-6 waz AgssB-ESAT-6-Rv2660c
fusion fuamanszquiauiuladluvynaass log
uauRuafnalusfiu AgesB HUSmnaginuauduad
dalisfiu ESAT-6 Hedaandasduauidaaud
neaaunamInszqu)ianiulunyneassuasingu
sUiuy DNA fla$lusfiu AgssB uaz ESAT-6
ToawulSanauauvadcalusiu AgssB ganigu
iWenfudianadaudismaiin ELISACY dungu
fidadsuaudiau Rvzeeoc lunuwaufivadd
aansaduiimedalusiu Rvae60c 1935 Western
blot uaz ELISA #euanesnnlsiudu aradlas
wnnaaantazasllsdunaudnu gluuuiide
waznnuassfivnzanlumsio sudaEnaian
ey #lsiu Rvzesoc dulusduiiaddluszes
Wn&1 (dormant stage) WazdsIBNIUNITATIA
woudivedisnmsaalusduriiailugindaszas
wrl® wazwuBUMIANE B-cell epitope 24
Tuséiu Mtb legldlusunsuaaniauaas wunlusau
Rv2660c Jauu B-cell epitope Haannlusiu
AgssB uaz ESAT-6"% uannnilinenumsiany
e plasmid DNA fiuaalusiiu Rvaesoc Usinal
50 Tulasn3u Tasdanssdusin 3 A%y daunsn
nszauliasuaudvadaalusiu Rvaeeoc™ ua
TumsAnwilaadslusiuina s Tulasndu uas
dadnnu 2 e o lilidamsshueuivad

2 a a K
wWasnnlInauaudlaunanuase

HANSABUFUINNYNANAULUY cellular
immune response 108113N52ULAE splenocyte
NNINNYDINYUUY ex vivo stimulation calusdu
AgssB, ESAT-6, Rv2660c LLazim‘[ﬂiﬁuﬁ% 3
%iin Agss5B, ESAT-6, Rv2660c WiannNU %q
Han15ILASITHUSHI M cytokine findsannun
mMeuanEaanlunaila Multiplex assay lag
msiaUsanas IFN-Y, IL-2 uay TNF-a Fuflu
cytokine lungu Th1 tAsrdasfunszuiuns
MDUAUBININYNANA UG cellular immune
response Wazduntnmiigdaslumsiiaia Mtb
Tag1 @8N SMNIUIINNULUY polyfunctional T
cell %ﬁ IFN-Y ﬁmﬁwﬁiuminssé’u macrophage
oz CD4 helper T cell dau IL-2 vwmhiinssdu
T cell 1WiAa proliferation waz differentiation
wardwiu TNF-o Lisadasfunszuiunis
proinflammatory effect laenM 53011 immune cell
81 9¢” MnramInaassnuTIMynduiaadsTysiu
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Immunogenicity of Mycobacterium
tuberculosis Antigens: Ag85B, ESAT-6,
Rv2660c, and Ags5B-ESAT-6-Rv2660c

Fusion in Mice

Panadda Dhepakson, Apichai Prachasuphap, Nadthanan Pinyosukhee,
Rattanawadee Wichajarn, Naratcha Sripetch, Rujiraporn Pitaksalee,

Anicha Luengchaichaweng, Kachaporn Mekkhayai, Nalinee Sangthong,
Sompong Sapsutthipas, and Parnuphan Panyajai

Medical Life Sciences Institute, Department of Medical Sciences, Nonthaburi 11000, Thailand

ABSTRACT Tuberculosis (TB) remains a major global public health concern. The Bacillus
Calmette—Guérin (BCG) vaccine is currently the only available TB vaccine, offering protection against
severe TB in children but showing limited efficacy in adults. Developing new TB vaccines is therefore
essential for achieving TB eradication. This study aimed to evaluate the immunogenicity of four recombinant
Mycobacterium tuberculosis (Mtb) antigens: Ag8sB, ESAT-6, Rv2660c, and Ag85B-ESAT-6-Rv2660c
fusion in mice, reported as active and latent infection stages to support the design and development of
an mRNA-based TB vaccine. Recombinant proteins were designed and expressed in Escherichia coli
ClearColi™ BL21(DE3) and used to immunize C57BL/6 mice. Subsequently, humoral immune responses
were assessed using Western blot and ELISA, whereas cellular immune responses were analyzed through
cytokine detection (IFN-Y, IL-2, and TNF-Q) via a Multiplex assay following ex vivo restimulation.
The results showed that Ag8sB, ESAT-6, and Ag85B-ESAT-6-Rv2660c fusion proteins induced both
humoral and cellular immune responses, while Rv2660c, an antigen associated with latent TB infection,
primarily stimulated a cellular immune response. These findings suggest the antigens enrolled are

promising candidates for further TB vaccine development.

Keywords: Agss5B, ESAT-6, Rv2660c, Immunogenicity in mice
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Design and Preliminary Characterization
of Ags5B-ESAT-6-Rv2660c mRNA-Lipid

Nanoparticles for TB Vaccine Development

Panadda Dhepakson, Apichai Prachasuphap, Kodcharad Jongpitisub,
Pantida Treeyoung, Sirawit Wet-osot, Anicha Luengchaichaweng,
Rujiraporn Pitaksalee, and Parnuphan Panyajai

Medical Life Sciences Institute, Department of Medical Sciences, Nonthaburi 11000, Thailand

ABSTRACT Tuberculosis (TB) remains a major global public health challenge, and Thailand is one
of the High Burden Country Lists due to its incidence rate exceeding the global average. The only TB
vaccine available, Bacillus Calmette—Guérin (BCG), effectively protects against severe TB in children
but has limited efficacy in preventing pulmonary TB in adults. Therefore, developing new TB vaccines is
crucial to achieving Thailand’s goal of TB elimination and sustainable disease control. This study focused
on designing and characterizing modified mRNA constructs for a TB vaccine development using three
key antigens: Ag85B, ESAT-6, and Rv2660c, which target different stages of Mycobacterium tuberculosis
(MTB) infection. Five mRNA constructs encoding TB antigens were designed and synthesized in vitro,
including three single-antigen constructs and two fusion proteins composed of all three antigens. Notably,
the fusion mRNA constructs Ag85B-G4S-ESAT-6-G4S-Rv2660c mRNA and Ag85B-AAY-ESAT-6-AAY-
Rv2660c mRNA exhibited greater secondary structure stability compared to single-antigen constructs.
Encapsulation of both fusion mRNA constructs in lipid nanoparticles (mRNA-LNPs) demonstrated high
encapsulation efficiency, excellent size uniformity (~140 nm), and reliable stability. Moreover, the delivery
of mRNA-LNPs into HEK293 cells confirmed the successful expression of fusion proteins for both mRNA
constructs, as indicated by TB antigen-specific antibody staining. Therefore, the modified Ags5B-ESAT-
6-Rv2660c mRNAs exhibited suitable characteristics and significant potential for further development as

the tuberculosis vaccine.

Keywords: Tuberculosis, mRNA vaccine, Ag85B-ESAT-6-Rv2660c, Lipid nanoparticle
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Introduction

Tuberculosis (TB), caused by Mycobac-
terium tuberculosis (MTB), remains a major
global health challenge.”’ After infection, MTB
can persist in a latent state within the human
body without causing symptoms, referred to as
latent TB infection. However, approximately
5-10% of individuals with latent TB progress
to active TB when their immune system is
weakened, leading to bacterial proliferation,
systemic spread via the lymphatic system, and
symptomatic illness.®

The Bacillus Calmette—Guérin (BCG)
vaccine, developed in 1921 from Mycobacterium
bovis, is the only TB vaccine available. As a live
attenuated vaccine, BCG effectively prevents
severe TB in children.”” However, its efficacy
diminishes in adults,”” highlighting the need for
the development of more effective TB vaccines,
particularly in high-burden countries like
Thailand, which ranks among the top countries
globally for TB prevalence.” This aligns with
Thailand’s national strategy to eliminate TB
through research and innovation in prevention,
treatment, and control measures.®”

Recent advancements in TB vaccine
development have focused on incorporating
multiple antigens to target various stages of
M. tuberculosis infection. Vaccines based on
fusion antigens, such as Ags5B-ESAT-6 (H1) and
Ag85B-TB10.4 (H4) in protein subunit platforms,
as well as Ags5B-ESAT-6 delivered via a
DNA platform, have demonstrated enhanced
protection in animal models compared to
BCG.“ " Notably, the multistage subunit vaccine
Hs6, which combines early antigens Ag85B,
ESAT-6, and the latency-associated protein

Rv2660c, has demonstrated superior protection

in animal models. This combination elicits a more
comprehensive immune response by targeting
both active infection and latent stages of MTB,
outperforming Agg5B-ESAT-6 (H1) and BCG
in terms of protective efficacy.® Further clinical
evaluations of the H56:IC31 vaccine in Phase 1b
trials have yielded promising results, with no
safety concerns observed in adults vaccinated
within one month of completing TB treatment.
The vaccine successfully induced CD4+ T-cell
responses and antibodies specific to the vaccine
proteins.®'”

While vaccine platforms such as protein
subunits and DNA vaccines have shown
promise in preclinical and clinical studies,
mRNA-based TB vaccines, particularly those
incorporating multiple antigens targeting
different stages of infection, remain largely
unexplored. The potential of mRNA vaccine
technology for TB was first demonstrated
in 2004 with an mRNA vaccine encoding a single
antigen, MPT83, which induced robust humoral
and T-cell immune responses in murine models.
Although the protective efficacy against MTB
infection was lower compared to BCG, this study
provided strong evidence that mRNA vaccines
could be adapted to improve efficacy by including
multiple antigens.""

This study aimed to design and characterize
modified mRNA constructs for a TB vaccine
using three antigens: Ags5B, ESAT-6, and
Rv2660c, which targeted different stages of MTB
infection. The research included both individual
mRNA sequences for each antigen and fusion
proteins, Ag85B-G4S-ESAT-6-G4S-Rv2660c
and Ag85B-AAY-ESAT-6-AAY-Rv2660c.
These modified mRNA constructs provide a
foundation for developing mRNA-based TB

vaccines.
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Materials and Methods

mRNA Design

The coding sequences for the MTB target
antigen genes were designed as the followings:
1) Ag85B, 2) ESAT-6, 3) Rv2660c, 4) Ag85B-
G4S-ESAT-6-G4S-Rv2660c fusion, and
5) Ag85B-AAY-ESAT-6-AAY-Rv2660cfusion.
Each sequence was modified by adding the
tissue plasminogen activator (tPA) secretory
signal and the MHC class I trafficking signal
(MITD) to enhance secretion and antigen
presentation via MHC molecules. The sequences
were optimized using a codon optimization
approach, with additional adjustments for uridine
depletion, and GC content to ensure efficient
translation in human cells"” using mRNAid
software (version 1.0.0) (https://mrnaid.
dichlab.org/)."® The minimum Free Energy
(MFE) and the structure of the mRNA were
predicted via the RNAfold web server (http://rna.
tbi.univie.ac.at/cgi-bin/RNAWebSuite/
RNAfold.cgi).

mRNA Synthesis

For template preparation and vector
construction, the DNA constructs encoding
the MTB antigen genes were synthesized
(Gene Universal Inc., USA) and cloned into a
linearized template vector (Takara Bio Inc.,
USA) to serve as a template for in vitro
transcription. The constructed plasmid DNA
(pDNA) was then transformed into Escherichia
coli (E. coli) strain Stbl2 for propagation.
Positive clones were identified through colony
PCR, using primers specific to all inserts
(Forward 5" - AGAGAACCCGCCACCATG-3",
Reverse 5" - CGA GGC TCC AGCTCATCA -3").
Clones were further confirmed by Sanger
sequencing using BigDye™ Terminator v3.1

Cycle Sequencing Kit (Thermo Fisher Scientific,
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USA) on ABIPRISM® 3500xL Genetic Analyzer
(Thermo Fisher Scientific, USA). The verified
plasmids were propagated in LB medium at 30 'C
for 16 hours (shaken at 225 rpm) and purified using
the QIAGEN Plasmid Midi Kit following the
manufacturer’s protocol. pPDNA concentration
was determined via absorbance at 260 nm using
aNanoDrop™ spectrophotometer (Thermo Fisher
Scientific, USA). Plasmids were linearized
using the HindIII restriction enzyme digestion
(16 hours at 37°C), followed by purification
through ethanol precipitation. Complete
linearization was confirmed using agarose gel
electrophoresis before proceeding to in vitro
transcription.

For in vitrotranscription, linearized pDNA
served as the template for mRNA synthesis using
an IVTpro T7 mRNA Synthesis Kit (Takara
Bio Inc., USA). N1-methylpseudouridine-5'-
triphosphate was incorporated during synthesis,
replacing UTP to enhance stability and reduce
immunogenicity. The synthesized mRNA
contained essential regulatory elements, including
a 5’ untranslated region (UTR), a 3' UTR, and
a poly(A) tail. A co-transcriptional capping
strategy was employed using the CleanCap®
AG (TriLink Biotechnologies, USA) system,
incorporating N7-methyl-3'-O-methyl-
guanosine at the 5 end to ensure efficient and
accurate capping. Purification of mRNA was
then performed by LiCl precipitation according
to the IVTpro T7 mRNA Synthesis Kit protocol.
Once purified, mRNA was analyzed using the
Agilent TapeStation automated electrophoresis
system with RNA ScreenTape (Agilent
Technologies, USA) following the manufacturer’s
protocol and the mRNA Synthesis and
Encapsulation in Ionizable Lipid Nanoparticles
protocol " to assess mRNA integrity, size, and

poly(A) tail presence and length.
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Encapsulation of mRNA with Lipid
Nanoparticles (LNPs)

For the production of mRNA-Moderna-like
LNPs, the lipid components used for the
preparation of LNPs including 9-heptadecanyl
8-{(2-hydroxyethyl)[6-0x0-6-(undecyloxy)
hexyllamino}octanoate (SM-102) (Cayman
Chemical Company, USA), 1,2-distearoyl-sn
-glycero-3-phosphocholine (DSPC) (Avanti
Polar Lipids, AL, USA), 1,2-dimyristoyl-
rac-glycero-3-methoxypolyethylene glycol-2000
(DMG-PEG-2000) (Avanti Polar Lipids, AL,
USA), and cholesterol (Sigma, UK). Individual
stock solutions of SM-102, DSPC, cholesterol, and
DMG-PEG-2000 were prepared by dissolving
each lipid component in anhydrous ethanol.
These were then combined in a molar ratio of
50:10:38.5:1.5 (SM-102: DSPC: cholesterol:
DMG-PEG-2000) to achieve a total lipid
concentration of 12.5 mM (1.8 mg/mL). In parallel,
mRNA was diluted in a 100 mM acetate buffer
(pH 4.0) to achieve a lipid-to-mRNA molar ratio
of 4:1 (cationic ionizable lipid: nucleotide). The
ethanol-based lipid mixture and the aqueous
mRNA solution were then combined using a
NanoAssemblr microfluidic device (Precision
Nanosystems, Vancouver, BC, Canada) at a
3:1 volume ratio, with a total flow rate of 12
mL/min. The mRNA-LNPs were diluted 40X in
PBS and concentrated using an Amicon® Ultra
Centrifugal Filter Device with a 10 kDa
molecular weight cutoff (Merck Millipore, USA).
Finally, the mRNA-LNPs were aliquoted and
stored at 4°C until use."”

For the production of mRNA-GenVoy-
ILM™LNPs (Precision NanoSystems, Vancouver,
Canada), GenVoy-ILM™ lipid was purchased

from Precision NanoSystems (Vancouver,

BC, Canada). A stock lipid solution was prepared
by diluting GenVoy-ILM™ in anhydrous ethanol
to achieve a total lipid concentration of 12.5
mM. In parallel, mRNA was diluted in a
100 mM acetate buffer (pH 4.0) to achieve a
lipid-to-mRNA molar ratio of 4:1 (cationic
ionizable lipid: nucleotide). The ethanol-based
lipid mixture and the aqueous mRNA solution
were then combined using the same Nano
Assemblr microfluidic device and processed
under identical conditions as the Moderna

formulation.

Characterization of the mRNA-LNPs

The hydrodynamic size and polydispersity
index (PDI) of the mRNA-LNPs were assessed
using dynamic light scattering (DLS) on a
Malvern Zetasizer Advance (Malvern Instru-
ments Ltd., Malvern, U.K.). The mRNA-LNPs
were diluted 200-fold in PBS before measure-
ment, which was performed at 25°C and a
backscattering angle of 173°. The zeta potential
of the mRNA-LNPs was measured using the
same instrument. Before analysis, concentrated
mRNA-LNP stock was diluted 30-fold in sterile
PBS (pH 7.4). Measurements were conducted
at 25°C using a folded capillary cell (DTS1070).

The % encapsulation efficiency (%»EE) of
nucleic acid in the LNPs was quantified using
the Quant-iT Ribogreen RNA assay kit
(Invitrogen, Paisley, Scotland). Briefly, equal
concentrations of mRNA-LNPs were prepared
with and without treatment by Triton X-100
(Sigma-Aldrich) to lyse the nanoparticles. The
samples were incubated for 10 minutes and
then transferred to 96-well plates in triplicate,
alongside RNA standards. The fluorescent
Ribogreen reagent was added according to the

manufacturer’s instructions, and fluorescence
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was measured using a Qubit 4 Fluorometer

(Thermo Fisher Scientific, USA). A standard

curve was generated to quantify RNA content
and %EE was calculated using the following

formula:

mass of encapsulated mRNA

%»EE = 100%
7 ( total mass of mRNA detected in the sample ) X 7

Transfection and Immunofluorescence
Analysis

FreeStyle™ 293-F cells (Thermo Fisher
Scientific, USA) were transfected with LNP-
formulated mRNA constructs to evaluate
functionality. The cells were maintained in
FreeStyle™ 293 Expression Medium (Thermo
Fisher Scientific, USA) at 37°C with an orbital
shaking at 125 rpm in an 8% CO, incubator.
For transfection, cells were seeded into six-well
plates at a density of 2 x 10° cells per well and
incubated overnight. The LNP-formulated mRNA
was added directly to the cells at 1.0 ug/well.
At 72 hours post-transfection, transfection
efficiency was assessed by evaluating TB antigen
protein expression through immunofluorescence
staining. Briefly, cells were harvested, smeared
onto slides, and fixed with 4% paraformaldehyde
for 15 minutes. Permeabilization was performed
using 0.1% Triton X-100. The slides were then
incubated with primary antibodies, Rabbit
Anti-Ag85B antibody (Abcam, cat. no. ab312328),
followed by a secondary incubation with
FITC-conjugated Polyclonal Swine Anti-Rabbit
Immunoglobulins (DakoCytomation, Denmark).
Fluorescence imaging was conducted using a
Nikon Eclipse E600 fluorescence microscope

(USA) to confirm the expression of TB antigens.
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Result

mRNA Design

Five MTB genes; Ag85B, ESAT-6, Rv2660c,
Ag85B-G4S-ESAT-6-G4S-Rv2660c fusion,
and Ag85B-AAY-ESAT-6-AAY-Rv2660c
fusion were successfully designed for pDNA
construction (Figure 1). By optimizing the
codons of MTB genes to be suitable for human
cells, it was found that the designed genes had
a higher codon adaptation index (CAI) value
than 0.9, which could enhance protein expres-
sion compared to the original genes. Secondary
structure analysis of the optimized mRNAs
revealed MFE values of -565.1, -296.8, -272.8,
-810.7, and -790 kcal/mol for Ag85B, ESAT-6,
Rv2660c, Ag85B-G4S-ESAT-6-G4S-Rv2660c
fusion, and Ag85B-AAY-ESAT-6-AAY-
Rv2660c fusion, respectively (Figure 2).

MFE values indicate the thermodynamic
stability of an mRNA’s secondary structure,
and a lower (more negative) AG indicates a
more stable molecule with reduced structural
fluctuations."® The fusion constructs showed
lower MFE values than their components, with
MFE values of -810.7 and -790.0 kcal/mol for
Ag85B-G4S-ESAT-6-G4S-Rv2660c mRNA and
Ag85B-AAY-ESAT-6-AAY-Rv2660c mRNA,
suggesting that these constructs adopt more
stable secondary structures. This increased
stability reduces susceptibility to mRNA

degradation and enhances translational

efficiency.
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Kozak 5’UTR-tPAss-Ag85b-G4S-MITDI-3'UTR-pA (1376 bp)
|G4S linker]
tPA B MITD | polyA |
U
Kozak ’ s
5’UTR-tPAss-ESAT6-GA4S-MITDI-3’UTR-pA (806 bp)
C |G4S linker|
EUREZ)> RV2660C » MITD [ polyA |
Kozak

5’UTR-tPAss-RV2660c-G4S-MITDI-3'UTR-pA (746 bp)
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Kozak

5’UTR-tPAss-Ag85b-G4S-ESAT6-G4S-RV2660c-G4S-MITDI-3’UTR-pA (1916 bp)
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|
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Kozak
5’UTR-tPAss-Ag85b-AAY-ESAT6-AAY-RV2660c-AAY-MITDI-3’UTR-pA (1898 bp)

Figure 1 Schematic representation of the five MTB genes used for pDNA construction and
subsequent mRNA synthesis via in vitro transcription: (A) AgssB, (B) ESAT-6,
(C) Rvz660c, (D) Ag85B-G4S-ESAT-6-G4S-Rv2660c fusion, and (E) Ag85B-AAY-
ESAT-6-AAY-Rv2660c fusion.
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Ag85B-mRNA
MFE -565.10 kcal/mol

[Ag85B]-GAS-[ESAT-6]-GAS-[Rv2660c]-mRNA
MFE -810.70 kcal/mol

ESAT-6-mRNA
-296.80 kcal/mol

Rv2660c-mRNA
-272.80 kcal/mol

,
[Ag85B]-AAY-[ESAT-6]-AAY-[Rv2660cl-mRNA
MFE -790.00 kcal/mol

Figure 2 Predicted secondary structures of codon-optimized mRNA generated using the RNAfold

web server. The structures are color-coded based on base-pairing probabilities, where

red indicates highly unpaired regions (low pairing probability) and blue represents

highly paired regions (high pairing probability). Secondary structures such as hairpins

and stem-loop structures are shown. The poly(A) tail at the 3’ end of the mRNA is

indicated with a black arrow.

mRNA Synthesis

The five MTB genes were successfully
cloned into pDNA vectors, verified via colony
PCR (Figure 3), and confirmed through Sanger
sequencing. Positive clones were expanded in
cultures, and pDNA was isolated and linearized
using the HindIIIrestriction enzyme (Figure 4).
These linearized constructs served as templates
for in vitro transcription. The transcription
reactions successfully generated mRNAs,
which were analyzed using an automated gel

electrophoresis system (Agilent TapeStation
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Automated Electrophoresis System with RNA
ScreenTape Kit) to assess their molecular size
and integrity. The results confirmed that the
synthesized mRNAs, including their poly(A)
tails, corresponded to the expected sizes for all
five genes: 1376 bp (Ag85B), 806 bp (ESAT-6),
746 bp (Rv2660c), 1916 bp (Ag85B-G4S-ESAT-
6-G4S-Rv2660c fusion), and 1898 bp (Ags85B-
AAY-ESAT-6-AAY-Rv2660c fusion) (Figure
5). The synthesized mRNAs were intact, with
no detectable fragmented mRNAs.
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Among the synthesized mRNAs, the fusion selected for encapsulation into LNPs due to
constructs Ag85B-G4S-ESAT-6-G4S-Rv2660c  their superior MFE values, indicating higher
and Ag85B-AAY-ESAT-6-AAY-Rv2660c were structural stability and translational efficiency.

A M123456788910 B 1234567889 10

1500 bp A 65D
1000 bp (1134 bp) 500 bp B ™) <E£SAT-6
500 bp 300 bp ’ (564 bp)
100 bp
C D M12345678910
=]
120000 e «Ag85b-G4S-ESAT6-G4S-RV2660C
750 bp ] 1674 b
500 bp <RV2660C 1000 P ( Pl
250 bp (543bp)
E Lane M : DNA ladder
Lane 1-10: Clone number 1-10
1500 bp «Ag85b-AAY-ESAT6-AAY-RV2660C
1000 bp (1656 bp)
500 bp

Figure 3 Colony PCR results confirming recombinant pDNA clones in E. coli Stbl2 for the five
MTB genes: (A) Agss5B, (B) ESAT-6, (C) Rv2660c, (D) Ag85B-G4S-ESAT-6-G4S-
Rv2660c fusion, and (E) Ag85B-AAY-ESAT-6-AAY-Rv2660c fusion.

«—Linear pDNA-Ag858 (4,025 bp)
4000 b .
3000 bg «Circular pDNA-Ag85B gggg gp |<—Linear pDNA-ESAT-6 (3,458 bp)
P <—Circular pDNA-ESAT-6
2000 bp 2000 bp
1000 bp 1000 bp

C D

4000 bp «Linear pDNA-Ag85B-G4S-ESAT6-G4S-RV2660C (4,565 bp)

gggg lgp < Linear pDNA-RV2660C (3,395 bp) 3000 bp «Circular pPDNA-Ag85B-G4S-ESAT6-G4S-RV2660C
P < Circular pDNA-RV2660C 2000 bp
2000 bp 1000 bp
1000 bp
4000 bp «Linear pPDNA-Ag85B-AAY-ESAT6-AAY-RV2660C (4,565 bp)
3000 bp <« Circular pDNA-Ag858-AAY-ESAT6-AAY-RV2660C
2000 bp
1000 bp

Figure 4 Agarose gel electrophoresis of linearized recombinant pDNA for the five MTB genes
following restriction enzyme digestion: (A) Ags8s5B, (B) ESAT-6, (C) Rv2660c,
(D) Ags5B-G4S-ESAT-6-G4S-Rv2660c fusion, and (E) Ag85B-AAY-ESAT-6-AAY-
Rvz2660c fusion.
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Lane A1: Ladder

Lane B1: Ag85B-mRNA (1,376 nt)
Lane C1: ESAT-6-mRNA (806 nt)
Lane D1: Rv2660c-mRNA (746 nt)

A1) B1 c1

6000 .

4000 .

200 s .
m— I

500 I

200 «

. —

R

Lane A1: Ladder
Lane B1: [Ag85B]-G4S-[ESAT-6]-G4S-[Rv2660c]-mRNA (1,916 nt)
Lane C1: [Ag85B]-AAY-[ESAT-6]-AAY-[Rv2660c]-mRNA (1,898 nt)

Figure 5 Analysis of synthesized mRNAs using the Agilent TapeStation Automated Electrophore-

sis System with the RNA ScreenTape kit, assessing the molecular size and quality
of five MTB mRNA constructs. (A) Ag85B, ESAT-6, and Rv2660c individual mRNAs.
(B) Ag85B-G4S-ESAT-6-G4S-Rv2660cfusion and Ags85B-AAY-ESAT-6-AAY-Rv2660c

fusion mRNAs.

mRNA-LNPs Characterization

To evaluate the efficacy of LNP formula-
tions in delivering mRNA, two systems,
GenVoy-ILM™ and Moderna-like formulation,
were initially compared using Fluc-mRNA
as a control. GenVoy-ILM™ LNPs demonstrated
encapsulation efficiency of 82.31%, significantly

higher than Moderna’s 68.55%, while achieving

comparable average particle sizes (105.1+£2.4 nm
vs. 111.646.8 nm, respectively) and polydispersity
index (PDI < 0.3) (Table 1). The zeta potential
of both formulations was slightly negative
(-8.1£1.4mV for GenVoy-ILM™ and -5.9+1.2mV
for Moderna), supporting suspension
stability. Based on this evaluation, GenVoy-ILM™
was selected for further studies due to its

superior encapsulation efficiency.

Table 1 Physicochemical Properties of LNPs Formulations for Control and Target mRNA

Constructs
RNA
concentration
Encap- Average
(ng/mL) Encapsulated P & Zeta
. . sulation Particle size N
mRNA LNPs  Without With mRNA . PDI potential
. efficiency (Z-Average®)
Triton 1% (ug/mL) (mV)
. (%EE) (nm)
X-100 Triton
X-100
Fluc-mRNA  GenVoy- 2.09 11.79 9.70 82.31 105.1+ 2.4 0.199+  -8.1+1.4
ILM™ 0.024
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Table 1 Physicochemical Properties of LNPs Formulations for Control and Target mRNA

Constructs (continued)

RNA
concentration
(pg/mL) Encapsulated Encap- Average Zeta
sulation Particle size b 3
mRNA LNPs Without With mRNA PDI potential
efficiency (Z-Average®)
Triton 1% (pg/mL) (%EE) (nm) (mV)
X-100 Triton
X-100
Fluc-mRNA mRNA-1273 5.59 17.78 12.18 68.55 111.6% 6.8 0.128+ -5.9%1.2
(Moderna) 0.054
Ag85B- GenVoy- 18.98 94.88 75.89 79.99 143.2+ 2.3 0.099+  -2.9+0.4
G4S-ESAT- ILM™ 0.065
6-G4S-
Rv2660c
mRNA
Ag85B- GenVoy- 18.98 90.79 71.81 79.09 140.4% 4.1 0.089+ -22.7£ 0.3
AAY- ILM™ 0.037
ESAT-6-
AAY-
Rv2660c
mRNA

Note: * Z-average, Intensity-weighted mean hydrodynamic size

" PDI, polydispersity index. Data are expressed as mean+SD (n = 3)

GenVoy-ILM™ LNPs encapsulating
Ag85B-G4S-ESAT-6-G4S-Rv2660c and
Ag85B-AAY-ESAT-6-AAY-Rv2660c mRNAs
yielded concentrations between 90.79 and
94.88 nug/mL, with both formulations achieving
high encapsulation efficiency (%#EE ~80%)
(Table 1). Ag85B-G4S-ESAT-6-G4S-Rv2660c
mRNA-LNPs had slightly larger average particle
sizes (143.2+2.3 nm) compared to Ag85B-
AAY-ESAT-6-AAY-Rv2660c mRNA-LNPs
(140.4+4.1 nm), while both exhibited excellent
size uniformity (PDI < 0.1) (Table1l). Surface
charge analysis revealed a more negative zeta
potential for Ag85B-AAY-ESAT-6-AAY-
Rv2660cmRNA-LNPs (-22.740.3 mV) compared

to Ag85B-G4S-ESAT-6-G4S-Rv2660c mRNA -
LNPs (-2.940.4 mV), suggesting higher colloidal
stability for the former, as greater negative zeta
potential is associated with improved stability
in suspension."” These results confirmed the
successful formulation and characterization of
MTB-specific mRNA-LNPs, supporting their
potential for further evaluation in preclinical

applications.

In Vitro Protein Expression Studies

The functionality of the mRNA constructs
was assessed through in vitro transfection of
HEK293 cells using mRNA-LNP formulations
containing either Ag85B-G4S-ESAT-6-G4S-
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Rv2660c mRNA or Ag85B-AAY-ESAT-6-
AAY-Rv2660c mRNA. Immunofluorescence
assays demonstrated successful intracellular
expression of the encoded fusion proteins,
as indicated by distinct fluorescence signals
corresponding to the target TB antigens. This
observation further confirmed that the tPA
secretory signal and MITD, as designed in the
mRNA constructs, successfully facilitated the
trafficking of the antigen to the cell surface.

These signals resulted in effective antigen

Anti-Ag85B
Staining

Bright Field

Ag85B-G4S-ESAT6-G4S-RV2660C

Ag85B-AAY-ESAT6-AAY-RV2660C

presentation, allowing the cells to be stained
with specific antibodies against the TB antigens.
In contrast, un-transfected HEK293 cells
(without mRNA-LNP treatment) served as
a negative control and showed no detect-
able fluorescence, confirming the specificity of
the observed signals (Figure 6). These results
demonstrated the successful delivery, translation,
and trafficking of the mRNA constructs,
enhancing antigen presentation at the cell

surface.

Negative control

Figure 6. Immunofluorescence assay showing intracellular expression of TB antigens in HEK293
cells transfected with mRNA-LNP formulations (Ag85B-G4S-ESAT-6-G4S-Rv2660c
mRNA and Ag85B-AAY-ESAT-6-AAY-Rv2660c mRNA). Green fluorescence
indicated the expression of Ag85B in the transfected cells. Un-transfected HEK293 cells

(negative control) exhibited no fluorescence, confirming the specificity of the observed

signals. Images were captured at 10X magnification. Bright-field images show

the overall morphology of the cells.

Discussion

This study successfully designed, synthe-
sized, and encapsulated mRNA encoding MTB
antigens into LNPs, demonstrating acceptable
stability and efficient encapsulation, and target
protein expression in vitro. These findings lay
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the groundwork for the future development of
mRNA-based TB vaccines.

Five antigen mRNA constructs were
designed, including individual antigens (Ag85B,
ESAT-6, and Rv2660c) and fusion proteins
(Ag85B-G4S-ESAT-6-G4S-Rv2660c and



MIDDNUUULAENTI Lﬂiwzﬁqmﬁﬂwmw AN
Ag85B-ESAT-6-Rv2660c mRNA-LNPs

UHae INDAAT uarAaLe

Ag85B-AAY-ESAT-6-AAY-Rv2660c). These
constructs were modified for efficient expression
in human cells and structural stability with
codon optimization parameters ensuring
compatibility with the transcription and
translation machinery."”

pDNA templates for in vitro transcription
were successfully constructed, with homology
confirmed across all nucleotide sequences. It is
essential to verify the sequence, particularly in
the region of the poly(A) tail, as its length and
composition directly influence mRNA stability
and translation efficiency."® To ensure the
production of high-quality pDNA, the choice
of E. coli strains and culture conditions played
a crucial role in optimizing both yield and
quality.”®

mRNA synthesis was carried out using
T7 RNA polymerase, with uridine triphosphate
(UTP) replaced by Ni1-methylpseudouri-
dine-5'-triphosphate and N7-methyl-3'-O-
methylguanosine added to generate a cap 1
structure. These modifications significantly
enhanced mRNA stability and translational
efficiency while reducing innate immune
activation.”**” The synthesis was performed
on a small-scale using LiCl precipitation for
purification. However, scaling up production
will likely require advanced chromatography
techniques to achieve higher purity and
yield.®” Our study confirmed that the
synthesized mRNAs were intact and aligned
with the expected sizes for all five genes.

The use of mRNA-loaded lipid nano-
particles (mRNA-LNPs) for vaccination and
disease treatment has gained significant
attention due to their ability to enhance mRNA
stability, facilitate cellular uptake, and elicit

robust immune responses. A critical factor

in LNP formulation is achieving an optimal
particle size, typically between 20 and 200
nm, to ensure stability in physiological fluids
and effective tissue penetration.®”***” In this
study, we employed a microfluidic device for
mRNA-LNP synthesis, enabling precise control
over particle size and high reproducibility. The
resulting LNPs carrying fusion antigen mRNAs
had an average diameter of approximately 140
nm (Table 1) and an mRNA encapsulation
efficiency of about 80%, regardless of the specific
mRNA used. These findings were consistent
with prior studies indicating that LNPs within
this size range supported efficient delivery and
immunogenicity.*****

To ensure the safety and performance
of mRNA-LNPs for future production, several
additional analyses must be considered. These
include physical characterization through
visual inspection, evaluation of the lipid content
after LNP formulation to ensure the desired
ratio, and the determination of the optimal pH
for the final formulation.*>*® It is important
to note that RNA integrity analysis is critical
to confirm the quality of the encapsulated
mRNA. Depending on the in vitro transcription
conditions and subsequent purification steps,
various byproducts, such as double-stranded
RNA (dsRNA), abortive RNAs, and RNA-DNA
hybrids, may be generated. If these byproducts
are not adequately removed, they could be
co-formulated with the full-length mRNA
and potentially trigger unwanted immune
responses in host cells by activating host pattern
recognition receptors.”” Additionally, endotoxin
testing is essential to ensure the safety of the
LNPs, as endotoxin contamination could lead

to unwanted inflammatory responses.
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Two LNP formulations, GenVoy-ILM™
and Moderna-like formulation, were evaluated
for their mRNA encapsulation efficiency,
particle size, and physicochemical properties.
Both formulations showed similar performance;
however, under our laboratory conditions,
the GenVoy-ILM™ formulation achieved
slightly higher encap-sulation efficiency,
highlighting its potential as a promising
candidate for vaccine development. Stability
testing remains a crucial next step to assess
long-term viability under different storage
conditions, as temperature sensitivity is a
known challenge for mRNA-based vaccines.®®

This work built upon existing mRNA
vaccine technologies by incorporating enhanced
design features, such as fusion constructs and
chemical modifications, to improve mRNA
stability and translational efficiency. Several
vaccine platforms, including traditional live
attenuated vaccines,® protein subunit vaccines, *”
and viral vector vaccines® have been explored
for TB. However, compared to these platforms,
the mRNA approach offers significant advan-
tagesin terms of rapid production, scalability, and
the ability to elicit robust humoral and cellular
immune responses. Previous research has
demonstrated that mRNA vaccines can effectively
stimulate antigen-specific T-cell responses, a
crucial factor for TB immunity.®” Moreover,
fusion protein constructs may provide broader
antigenic coverage, potentially enhance immune
responses when compared to single-antigen
vaccines. By encoding multiple antigens within
a single mRNA construct, this approach allowed
for a more comprehensive immune response,
potentially improving vaccine efficacy against

diverse M. tuberculosis strains.
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While this study demonstrated promising
potential, further research is needed to
advance these mRNA constructs toward clinical
application. We have designed and characterized
mRNA vaccine candidates for tuberculosis (TB)
prevention. The preliminary data presented in
this study outline the design of templates incor-
porating antigens, including Ag8s5B, ESAT-é,
and Rv2660c, used to create mRNA sequences
encoding both individual and fusion antigens.
These coding sequences were synthesized
into mRNA via in vitro transcription and
subsequently encapsulated into mRNA-LNPs.
The resulting candidates exhibited results
consistent with the original design. However,
additional testing and further safety validation
of the prototype vaccines are necessary, parti-
cularly to identify any potential contaminants
or issues arising from the product itself. These
tests must align with international safety
standards before progressing to the preclinical
stage.

Key next steps include evaluating their
immunogenicity and protective efficacy in
preclinical models, optimizing lipid LNP
formulations for greater stability under varied
conditions, and addressing scalability and cost
considerations. Continued efforts in these areas
will be essential for translating this platform

into a viable TB vaccine.

Conclusion

This study successfully designed and
synthesized five mRNA constructs encoding
MTB antigens: Ag85B, ESAT-6, Rv2660c, and
two fusion constructs; Ag85B-G4S-ESAT-
6-G4S-Rv2660c and Ag85B-AAY-ESAT-6-

AAY-Rv2660c, all of which had the intact
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structures and expected sizes. Due to their
greater secondary structure stability compared
to single-antigen constructs, only the two
fusion constructs were encapsulated into LNPs.
Characterization of the mRNA-LNPs revealed
that Ag85B-AAY-ESAT-6-AAY-Rv2660c
mRNA-LNPs exhibited higher colloidal
stability. Nevertheless, both mRNA-LNP
formulations effectively delivered mRNA and
facilitated robust protein expression in human
cell lines. These findings highlight the potential
of these mRNA constructs as promising
candidates for tuberculosis vaccine develop-

ment.
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ABSTRACT High-quality vaccines that meet specific standards are the primary measures during
the COVID-19 pandemic. Information on vaccine quality control and testing for anti-SARS-CoV-2 neu-
tralizing antibodies against different variants is beneficial for developing vaccination policies and models
to be used. The World Health Organization has established international antibody standards, which are
still limited. This study aimed to develop the reference standard anti-SARS-CoV-2 antibody for Plaque
Reduction Neutralization Test (PRNT), the gold standard for detecting neutralizing antibody against each
SARS-CoV-2 variant, as for quality control of SARS-CoV-2 vaccines and for testing neutralizing antibody
levels after vaccination. Serum antibodies in the form of lyophilized sera were tested comparatively to the
lyophilized anti-SARS-CoV-2 monoclonal antibody (mAb). The serum antibody and mAb formulations
were prepared, and freeze-drying conditions were optimized. After the quality of the freeze-dried serum
antibodies was evaluated, the homogeneity of the mAbs did not meet the acceptance criteria, while that of
the lyophilized pooled serum antibody was found to be physically and biologically acceptable as a reference
standard. The serum antibody samples were tested against the Delta, Omicron BA.2, and Omicron BA.5
variants in terms of the PRNT, titer (95% confidence interval) as 512.97 (473-556), 288.14 (265-313),
and 161.49 (124-184), respectively. Post-production potency tests of actual utilization were conducted
for stability assessment, and the results were within the acceptance criteria (geometric mean +3 SD).
Therefore, the pooled serum antibody is suitable as the reference standard antibody against SARS-CoV-2
for vaccine quality control and for evaluating post-vaccination immune response during the COVID-19

pandemic.
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Introduction

The development and evaluation of vaccines
and testing methods require traceable reference
standards, generally provided by recognized
international agencies such as the National
Institute for Biological Standards and Controls
(NIBSC), the United Kingdom. Since the standard
anti-SARS-CoV-2 antibodies provided by NIBSC
are still insufficient for immunization testing
in vaccinated individuals and for calibration
use worldwide, the World Health Organization
(WHO) recommends that any country develop its
reference standards. Thailand faces several
problems in the supply of reference standards,
such as logistical challenges, higher costs, and
access delays when relying solely on international
standards. Reference standards are useful and
necessary for National Control Laboratories
(NCLs). The key properties of a biological
standard are homogeneity and stability.
Anti-SARS-CoV-2 antibodies contain proteins
as active ingredients, which are sensitive to
thermal degradation. The lyophilization process
results in high stability of biological products
with a long shelf-life,"  thus, drying the
products at low temperatures under vacuum
conditions effectively maintains the protein’s
physical and chemical properties.

There are two main methods for measuring
neutralizing antibodies: the Plaque Reduction
Neutralization Test (PRNT) and the Pseudo-typed
Virus-based Neutralization Assay (PVNA).
The PRNT method is a gold standard exhibiting
high sensitivity and specificity. Therefore,
this study prioritized PRNT as the primary
method for establishing the vaccine potency,
which is crucial for assigning potency values
for the reference standard anti-SARS-CoV-2

antibodies. However, the PRNT is time-
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consuming and requires live viruses, posing an
infection. The PVNA method utilizes pseudo-
typed virus particles, modified to contain specific
proteins or receptors that bind specific immune
response components. This method is faster and
safer but may not be as sensitive or specific as
the live virus PRNT method. Although anti-
bodies are currently available for each strain of
the virus, the test results are different, leading
to doubts regarding the accuracy of antibody
level measurements in each method.” There-
fore, a reference standard for anti-SARS-CoV-2
antibodies can be used to compare the values
obtained by different methods, which leads to
the need to establish a reference standard for
anti-SARS-CoV-2 antibodies.

The Institute of Biological Products (IBP),
Department of Medical Sciences, Thailand, acts
as the national control laboratory for vaccines
and biological products and complies with the
competence requirements for reference material
producers according to ISO 17034:2016.
Therefore, the IBP has the potential to serve as
the national reference standard for anti-SARS-
CoV-2 antibodies. This study hypothesized that
the preparation of the lyophilized anti-SARS-
CoV-2 antibodies reference standard by IBP
would be suitable and useful for the vaccine quality
control and testing for anti-SARS-CoV-2

antibodies against diverse virus variants.

Materials and Methods

Materials
SARS-CoV-2

The SARS-CoV-2 viruses used in this study
were provided by the National Institute of Health,
Department of Medical Sciences, Thailand.
These included the Delta (Reference no.
COV2071), Omicron BA.2 (Reference no.
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SEQ/22-348), and Omicron BA.5 (Reference no.
SEQ/22-17241) variants.

Human serum

Twenty-one heat-inactivated convalescent
serum samples from COVID-19 patients,
collected within 60 days after testing negative
for the virus, and vaccinated individuals having
PRNTS50 titers against the SARS-CoV-2 Delta
strain, 513.34-1,237.00, were pooled. The sera
were obtained from the study project on
“Monitoring of SARS-CoV-2 Antibody Levels
after Vaccination against COVID-19 (Research
project code 11/2564)” that were negative for
HBsAg, Anti-HIV, and HCV.®*?

Monoclonal antibody

Monoclonal antibody (mAb) was obtained
from the Center of Excellence in Systems Biology,
Chulalongkorn University, Thailand, which was
specific to the SARS-CoV-2 receptor-binding
domain (RBD) 3D2 at a concentration of
4.97 mg/mL, and met the following criteria:
concentration > 0.5 mg/mL expression host
mammalian; purity > 90% (SDS-PAGE) and
98% (SEC-HPLC); endotoxin < 0.1 EU/mg; and
the anti-SARS-CoV-2 antibody titer > 1,000
units (PRNT against Delta).®*

WHO international standard

WHO international standard for anti-
SARS-CoV-2 immunoglobulin (human) NIBSC
code: 20/136 (NIBSC, UK)®”.

Methods
Preparation of pooled serum
The pooled serum antibody consisted

of 50% (v/v) serum and 50% (v/v) Milli-Q

ultrapure water (Sigma-Aldrich, USA).
The monoclonal antibody formulations were
prepared as 0.0566% (w/v) mAbs, 0.0357%
(w/v) L-histidine HCI monohydrate, 0.0357%
(w/v) L-histidine, 0.0357% (w/v) trehalose

dihydrate, and 0.01% (v/v) polysorbate 20.

Lyophilization

The collapse temperature was tested using
freeze-drying microscopy (Linkam FDCS196,
Linkam Scientific Instruments Ltd., UK),
and the average subsidence temperature was
recorded to calculate the primary freeze-drying
temperature to set the lyophilization conditions.
Serum antibody samples were tested in triplicate.
The collapsing temperature was obtained
at -15, —-16.6, and —-17.8°C, with a mean value
of -16.5°C. Therefore, the primary drying
temperature was set at —21°C (3-5°C less than
the collapsing temperature). Each 0.5 mL serum
antibody was added into 3-mL borosilicate type
I glass clear vials (Schott, Indonesia) under
sterile conditions, and a half-close rubber
stopper (4405/50 Gray; West Pharmaceutical
Services, Inc., USA) was placed over. The condi-
tions obtained were used to program the lyophi-
lizer (LyoLab LT; Lyophilization Systems Inc.,
USA). The serum vials were frozen at -40 °C
for 180 min, followed by primary drying
at -21°C and 0°C under a 200-mTorr vacuum
for 1,180 min, and a 200-mTorr vacuum for
1,000 min. This was followed by secondary
drying at 25°C under 100-mTorr for 360 min.
Vials were then backfilled with 99.999% nitrogen
gas. The formulated mAb was tested in triplicate
by freeze-drying microscopy. The collapsing
temperatures were —28.8, —28.9, and —28.6°C,

with a mean of —28.8°C; therefore, the primary
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drying temperature was set at -34°C. For
lyophilization, mAb vials were frozen at -60°C
for 180 min, followed by primary drying at -34°C
under a 200-mTorr vacuum for 2,560 min. This
was followed by secondary drying at 25°C under
a 100-mTorr vacuum for 300 min. Vials were

then backfilled with 99.999% nitrogen gas.

Quality control testing (visual inspection
and moisture content testing)

The physical characteristics of lyophilized
serum and anti-SARS-CoV-2 mAb were
observed and recorded by visual inspection for 10
vials before and after dissolution. After dissolution,
the lyophilized serum and mAb samples were
reconstituted in 0.5 mL of distilled water for 180
seconds; the reconstitution time was determined
for 10 vials. The moisture content of 3 vials
was determined using volumetric Karl-Fischer
titration."'” The recommended moisture

content is not more than 3%.

Assessment of homogeneity and stability

The homogeneity was assessed to show
the uniformity of the pooled serum in each
container. A production plan using a balanced
nested design, which ensures statistical
consistency across replicate measurements by
maintaining equal sample units per run, thereby
improving variance estimation and simplifying
ANOVA analysis, was implemented. A PRNT
test against the Delta strain was developed to
assess the homogeneity of lyophilized serum
antibodies in each container. Twelve vials were
tested for 3 days, with four vials tested each day
and two replicates per vial. Statistical analysis

was performed using two-way ANOVA with
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the replicates."'” Homogeneity was assessed
by comparing the between-unit component of
variance from a homogeneity study, expressed
as a between-unit standard deviation (S,,)
with the coefficient of variation (CV) obtained
from a collaborative study on the international
reference preparation (IRP) of anti-SARS-CoV-2
antibody (NIBSC Code No. 20/136) using the
PRNT method. The criterion for homogeneity
was set at S, < CV/3. For stability assessment,
post-production monitored stability testing was
conducted at -20 °C or below. The stability
monitoring involved evaluating potency based
on actual usage data, with predefined
acceptance criteria set as within the geometric
mean +3 standard deviations. The production
plan involved monitoring the use of the products
and notifying customers if the criteria values
were not met (geometric mean +3 standard
deviations) through the institutional commu-

nication channel.

The anti-SARS-CoV-2 neutralizing
antibody determination

The lyophilized pooled serum was
independently determined to have the levels
of anti-SARS-CoV-2 neutralizing antibody
using the PRNT, PVNA, and Enzyme-linked
immunosorbent assay (ELISA) methods against
the Delta, Omicron BA.2, and Omicron BA.5
variants as the methods described. Twelve
vials were tested over 3 days, with 4 vials tested
each day against the international standard
anti-SARS-CoV-2 antibody.

Plaque Reduction Neutralization
Test (PRNT)

In this study, the PRNT was developed and
validated by the Institute of Biological Products
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(IBP), Department of Medical Sciences,
Thailand."® Vero cells were cultured in 6-well
clear tissue culture-treated multiple well plates
(Corning, USA) at a density of 2 x 10° cells/
well/3 mL and incubated at 37°C with 5% CO,
for 1 day. The lyophilized serum was initially
diluted to 1:10, 1:40, 1:160, and 1:640. Then, the
SARS-CoV-2 virus was diluted in Minimum
Essential Medium Eagle (MEM) (Sigma-Aldrich,
USA) to yield 40-120 plaques/well in the virus
control wells. Cell control wells, convalescent
patient serum, and normal human serum were
used as the assay controls. Neutralization was
achieved by mixing an equal volume of diluted
sera with the SARS-CoV-2 virus at 37°C in a
water bath for 1 h. After removing the culture
medium from the Vero cell culture plates, 200 uL.
of the virus-serum antibody mixture was added
to the monolayer cells, and the plates were
shaken every 15 min for 1 h. After removing
the excess virus, 3 mL of semi-solid medium
containing 1% carboxymethylcellulose
(Sigma-Aldrich, USA), 1% penicillin-strep-
tomycin (Sigma-Aldrich, USA), and 10% FBS
(Gibco, USA) was overlayed. All plates were
incubated at 37°C with 5% CO, for 7 days.
Cells were then fixed with 10% formaldehyde
(Sigma-Aldrich, USA) and stained with 0.5%
crystal violet (Merck, USA) in PBS (Gibco,
USA). The number of viral plaques was counted
in triplicate wells, and the percentage of plaque
reduction at 50% (PRNT,,) was calculated.
The PRNT, titer of the test sample was defined as
the reciprocal of the highest test serum dilution
for which virus infectivity was reduced by 50%
compared with the average plaque counts of
the virus control, which was calculated using

a four-point linear regression method. Plaque

counts for all serial dilutions of serum were
scored to ensure a dose-response.

Pseudo-typed Virus-based Neutrali-
zation Assay (PVNA).

PVNA used in this study was performed
according to the method published by the
National Center for Genetic Engineering and
Biotechnology (BIOTEC), National Science and
Technology Development Agency (NSTDA),
Thailand.”” To determine the neutralizing
activity of the lyophilized serum samples, a
two-fold serial dilution of the sera was prepared
starting at 1:40 in the culture medium of
high-glucose DMEM (Gibco, USA) without
FBS. The serum samples were mixed with the
pseudo-typed viruses containing the CoV-2
spike of interest at a ratio of 1:1 (v/v) in a
96-well plate (Corning, USA). The pseudo-typed
virus input was normalized to 1 x 10° RLU/well.
The serum-pseudo-typed virus mixture was
then incubated at 37°C for 1 h. Cell suspensions
of HEK293T-ACE-2 pre-transfected with
pCAGGS expressing human TMPRSS2 (2 x 10*
cells/mL) were then mixed with the serum-
pseudo-typed virus mixture and seeded into
each well of the culture plates and incubated
at 37°C for 48 h. Neutralizing antibodies were
determined by the luciferase activity."?

Enzyme-linked Immunosorbent
Assay (ELISA)

The ELISA was validated by the Institute
of Biological Products (IBP), Department of
Medical Sciences, Thailand. An anti-SARS-
CoV-2 QuantiVac ELISA (IgG) test kit (Cat No.
EI 2606-9601-10G; EUROIMMUN, USA) was
used. The SARS-CoV-2 IgG antibody con-
centration in serum was determined by its

reaction with SARS-CoV-2 antigen coated in
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wells, forming an Ag-Ab complex. The addition
of peroxidase-labelled anti-human IgG
triggered a color change upon reaction with
TMB/H,O, substrate, which was measured at
450 nm with a reference wavelength of 630 nm
(620-650 nm). The antibody concentration was
directly proportional to the absorbance, and
results were calculated using point-to-point
comparison with standard material by 4-para-
meter logistic regression. The results were
reported in Binding Antibody Units (BAU).
This test kit does not differentiate between
viral strains because it detects the presence of
antibodies against the SARS-CoV-2 antigen,
which is common to all strains, rather than

identifying specific viral variants."”

Statistical Analysis

The geometric mean was used to represent
the central tendency of a skewed set of antibody-
level data, and the 95% confidence interval
of the geometric mean represented the range
of estimates. The % Coefficient of Variation
(9%CV) is ameasure of variation in a set relative to
the mean of the antibody-level data. The p-value
obtained from the Shapiro-Wilk normality
test is a measure of the tendency of antibody-
level data sets to follow a normal distribution.
If the p-value was < 0.05, it was concluded that
the data were not normally distributed. If
the F-test yielded a p-value < 0.025, it was
concluded that the variances of the two
antibody-level data sets from different methods
significantly differed. For normally distributed
data sets, if the t-test yielded a p-value < 0.05,
it was concluded that the means of the two

antibody-level data sets were significantly
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different. For non-normally distributed data
sets, if the Mann-Whitney test yielded a
p-value < 0.05, it was concluded that the medians
of the two data sets were significantly different.
As the two data sets were derived from different
methods, the data were transformed before
different testing of the means or medians
using the proportion of the geometric mean of
the antibody-level data sets of the two methods.
To compare different species using the same
test method, one-way ANOVA and Tukey’s
test were used for a normal distribution, and
Kruskal-Wallis and Dunn’s multiple comparison
tests for a non-normal distribution, with a
p-value < 0.05 was used to determine statistical
significance. Homogeneity was assessed using
two-way ANOVA with replication. Statistical
analyses were performed using GraphPad Prism
Version 5 software (GraphPad Software, USA)

and Microsoft Excel 2016.

Results

Characteristics of the lyophilized pooled
serum and anti-SARS-CoV-2 monoclonal
antibody

Details of the pooled serum and anti-SARS-
CoV-2 mAb before and after lyophilization
(Lyophilized products) were summarized
in Table 1. The lyophilized pooled serum
(Lot No. Lyo-110122) and mAbs (Lot No.
Lyo-Ab170122) exhibited distinct post-lyophi-
lization physicochemical profiles. Both formu-
lations were filled at 0.5 mL per vial, with 393
and 568 vials prepared, respectively. The pooled
serum presented as a coagulated dry powder
and reconstituted into a yellow solution with

particulate formation in 80% of tested vials,



waUAUBAINNITFIUBNBIADIED SARS-CoV-2 gHamuisnuuudiianuis

DARTIY DN LATAE

whereas the mAbs formed a clear solution from
a white freeze-dried powder. Residual moisture
content was 2.43+0.15% for pooled serum and
3.65+2.23% for mAbs. Reconstitution time
differed markedly, with pooled serum requiring
140.4 +0.41 seconds versus 10.90 + 0.88 seconds for
mAbs. Mean fill mass was comparable (0.52 g/vial
vs. 0.53 g/vial), but homogeneity was sufficient
only in the pooled serum, indicating superior
formulation robustness relative to the mAbs.
All quality control tests for the lyophilized
pooled serum met the acceptable criteria, except
for the appearance of the serum after dissolution,

which showed a white fibrin line. This could be

verified by the homogeneity assessment. While
the mean of residual moisture of the lyophilized
mAb was higher than 3%, which might affect
the homogeneity.

Homogeneity was assessed by comparing
the CV of eight values of the collaborative study
WHO International Standard of anti-SARS-
CoV-2 immunoglobulin (human) (NIBSC Code
No. 20/136), measured by the PRNT method,
using the SD of the homogeneity test. The pooled
serum Lot No. Lyo-110122 demonstrated
sufficient homogeneity, while the mAb Lot No.
Lyo-Ab170122 formulation was insufficiently

homogeneous.

Table 1 Characteristics of the pooled serum and anti-SARS-CoV-2 monoclonal antibody (mAb)

before and after lyophilization (Lyophilized products).

Details

Pooled serum

(Before lyophilization)

mAb

Antibody content

Criteria

were negative
- Potency PRNT,, titers > 500
(PRNT (Delta)

Formulation

water 50%

Nominal fill volume 0.5 mL
Product code (Lot No.) Lyo-110122
Number of prepared vials 393 vials

Appearance before dissolution

Appearance after dissolution

21 serum samples (convalescent

serum 50% and Milli-Q® ultrapure

Coagulated dry powder

A yellow solution with one white line

Protein Name: 3D2

patients and vaccinated persons)

- HbsAg Anti-HIV and HCV

- Concentration > 0.5 mg/mL,
Purity > 90% (SDS-PAGE)
and 98% (SEC-HPLC)

- Endotoxin < 0.1 EU/mg
Antibody titer > 1000 units:
PRNT (Delta)

L-histidine HCl monohydrate,
0.0566%; L-histidine, 0.0357%;
Trehalose dihydrate, 0.0357%;
Polysorbate 20, 0.01%.

0.5 mL

Lyo-Ab170122

568 vials

White freeze-dried powder

clear solution

per vial; found in 8 out of 10 vials

Mean residual moisture (%)
Reconstitution time
Mean fill mass

Homogeneity sufficient

2.4340.15 (n = 3)
140.4 8+0.41 (n = 10)

0.52 g/vial (CV 0.73%, n = 10)

3.65+2.23 (n = 3)
10.90 $+0.88 (n = 10)
0.53 g/vial (CV 0.89%, n = 10)

insufficient
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The anti-SARS-CoV-2 neutralizing
antibody determination

Comparison of antibody levels against
the SARS-CoV-2 Delta, Omicron BA.2, and
Omicron BA.5 variants tested with the PRNT,,
PVNA, and ELISA methods of the lyophilized
pooled serum Lot No. Lyo-110122 were shown in
Table 2 and Figure 1. These showed neutralizing
activities against the SARS-CoV-2 Delta,

Omicron BA.2, and Omicron BA.5 variants.

Whereas the lyophilized mAbs Lot No.
Lyo-Ab170122 only specifically responded to
the SARS-CoV-2 Delta variant and had a low
response to the Omicron BA.2 using the PRNT
method, as shown in Table 3. The WHO
international standard 20/136 showed a
significant response to the Delta and a low
response to the Omicron BA.2 variants using
the PRNT method. The PVNA method showed

no response to either Omicron BA.2 or BA.5.

Table 2 Comparison of neutralizing antibody levels against the SARS-CoV-2 Delta, Omicron BA.2,

and Omicron BA.5 variants tested with the PRNT

PVNA, and ELISA methods of

507

the lyophilized pooled serum Lot No. Lyo-110122.

BA.2 BA.5 ELISA BAU
Vials /mL
PRNT PVNA PRNT PVNA PRNT PVNA
1 (d1) 517.00 167.66 287.00 163.60 139.00 244.68 2,551.00
2 (d1) 512.00 168.30 349.00 196.29 273.00 303.30 2,881.00
3 (d1) 552.00 175.13 254.00 200.08 140.00 344.23 2,701.00
4 (d1) 654.50 173.08 312.00 201.73 146.00 324.55 2,221.00
5 (d2) 480.50 167.60 231.00 211.97 149.00 221.93 3,000.00
6 (d2) 525.00 168.85 289.00 247.24 167.00 198.62 2,931.00
7 (d2) 507.50 167.63 271.00 266.38 189.00 241.35 2,784.00
8 (d2) 574.50 210.11 289.00 347.47 72.00 295.92 2,794.00
9 (d3) 422.50 161.56 283.00 205.09 123.00 184.63 2,991.00
10 (d3) 474.50 162.57 256.00 214.78 156.00 167.51 2,822.00
11 (d3) 418.50 158.63 373.00 210.66 174.00 250.22 2,663.00
12 (d3) 562.50 162.14 292.00 233.07 160.00 191.91 3,093.00
Geometric mean 512.97 169.84 288.14 150.98 221.03 241.20 2,776.24
(95%CI) (473-556) (162-178) (265-313) (196-249) (124-184) (208-280) (2,623-2,938)
%CV 12.80 7.90 13.73 21.09 30.97 24.14 8.48
Compare PRNT,;,/PVNA 3.02 PRNT,,/PVNA 1.30 PRNT,,/PVNA 0.63 -
Shapiro-Wilk 0.0002 no 0.4640 yes 0.3430 yes -
(normal
distribution)
t-test nc nc 0.0012 s 0.0004 S -
Mann-Whitney 0.0000 S nc nc nc nc -
WHO 20/136(d1) 51.00 125.05 <10 10 0 -
WHO 20/136(d2) 31.00 272.86 12 <10 0 -
WHO 20/136(d3) 53.00 104.21 20 0 <10 0 -

Note:

s = significant, ns =not significant, nc =not calculated, d =day, WHO 20/136 diluted to 50 IU/mL,

WHO 20/136 =First WHO International Standard for anti-SARS-CoV-2 immunoglobulin (human)
NIBSC code: 207136, PRNT = Plaque Reduction Neutralization Test, PVNA = Pseudo-typed Virus
Neutralization Assay, ELISA = Enzyme-Linked Immunosorbent Assay, Delta = SARS-CoV-2 Delta variant,
BA.2, BA.5 = Sublineages of the Omicron variant and BAU = Binding Antibody Units
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Figure 1 Comparison of neutralizing antibody levels of the lyophilized pooled serum Lot No.
Lyo-110122 against the Delta, BA.2, and BA.5 SARS-CoV-2 variants using
the PRNT and PVNA test methods. The Kruskal-Wallis and Dunn’s multiple comparison

tests were used, and p < 0.05 indicated significance (ns = not significant)

Table 3 Comparison of neutralizing antibody levels against the SARS-CoV-2 Delta and Omicron
BA.2 variants tested with the PRNT,, method of the lyophilized mAbs Lot No.
Lyo-Ab170122.

Vials Delta BA.2

1 (d1) 3,580.00 <10

2 (d1) 2,404.50 <10

3 (d1) 3,625.00 10.00

4 (d1) 3,649.00 15.00

5 (d2) 2,912.50 <10

6 (d2) 2,881.00 12.00

7 (d2) 3,297.00 10.00

8 (d2) 2,563.00 12.00

9 (d3) 1,561.50 <10

10 (d3) 2,188.50 <10

11 (d3) 1,967.00 <10

12 (d3) 1,937.50 <10
Geometric mean (95%CI) 2,621.10 (2,236-3,072) nc
% CV 27.57 nc

WHO 20/136 (d1) 55.00 <10
WHO 20/136 (d2) 46 12
WHO 20/136 (d3) 45 20

Note: nc = not calculated, d = day, WHO 20/136 diluted to 50 IU/mL, WHO 20/136 = First WHO International
Standard for anti-SARS-CoV-2 immunoglobulin (human) NIBSC code: 20/136, Delta = SARS-CoV-2

Delta variant and BA.2 = Sub-lineages of the Omicron variant
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Discussion

The preparation of pooled serum and
monoclonal antibodies (mAbs) showed clear
differences in stability during freeze-drying.
Pooled human serum needed only water in its
formulation with no added stabilizers because it
stayed naturally stable during lyophilization."®
By contrast, mAbs usually need complex
stabilizer mixtures. This high stability of
human serum comes from its natural composi-
tion, which allows it to withstand freeze-drying
well. Human serum also serves as a protective
agent (lyoprotectant) for other biological
samples during freeze-drying, giving it two
valuable roles in biological preservation."”

The appearance of lyophilized serum
antibodies after reconstitution, which appeared
as a white fibrin line, could be affected by
incomplete clotting during serum collection.
This might occur because of the conversion of
fibrinogen into fibrin."® Fibrin deposition can
interfere with the formation and counting of
viral plaques, leading to inaccurate results.
Conversely, fibrin deposition can create a
background signal that interferes with plaque
counting and leads to overestimating the
antibody titer"”. The results of the homogeneity
assessment showed that fibrin did not sufficiently
affect the antibodies to cause inhomogeneity.
To prevent fibrin formation, it is important to
allow complete blood clotting before separating
serum. After separation, the serum was
stirred, filtered, and gently stirred again before
being filled into the vial. On the contrary,
the Lot. No. Lyo-Ab170122 mAb formulation
showed insufficient homogeneity. This issue

might be attributed to the mean residual
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moisture of the mAbs over 3%. High residual
moisture levels can lead to protein denaturation,
consequently affecting the homogeneity of the
formulation.®”

The neutralizing antibody of the WHO
international standard 20/136 to the SARS-
CoV-2 Delta variant obtained using the PVNA
method was significantly higher than that
of the PRNT,, method, but the antibody levels
against Omicron BA.2 and BA.5 were<20 by
both methods. Previous data were consistent
with those of our study, determining the
antibody level of the WHO international
standard 20/136 prepared from convalescent
patient sera during the Delta strain outbreak
and previous outbreak strains.*” Following
WHO guidelines, the relative potency of the
secondary standard against the international
standard in IU/mL was determined using
parallel-line analysis. This approach was
the preferred option for data analysis.®*?
However, it should be noted that this
approach should only be performed when the
WHO standard is appropriately responsive to the
SARS-CoV-2 variant/s being studied. Previous
research on anti-SARS-CoV-2 antibody
titers has been limited in terms of reporting
values in international units per milliliter
(IU/mL). The PRNT,, method is widely
accepted and frequently used for quantifying
SARS-CoV-2 antibodies™” and was chosen as
the appropriate method for our study, which
was sufficient for the intended purpose.

The level of neutralizing antibodies in
the lyophilized serum Lot No. Lyo-110122 was
determined using different methods and compared

using means or medians (according to the data
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distribution). The antibody levelsof the PRNT,
method showed significant differences of
neutralizing antibodies to the Delta, Omicron
BA.2, and BA.5, which were 3.02-, 1.3-, and
0.63-fold that of the PVNA, respectively
(PRNT,, divided by PVNA). While the ELISA
effectively detected antibodies against
SARS-CoV-2, it could not differentiate
between responses to specific variants or
lineages. This is primarily because conven-
tional ELISAs utilize conserved or ancestral viral
antigens. Antibodies generated following infection
with different variants commonly display
considerable cross-reactivity with these antigens,
preventing discrimination based on overall
binding signal. Distinguishing variant-level
responses requires assays specifically designed
to capture differential antibody binding to
variant-specific epitopes or assess neutralizing
activity."”

Determination of neutralizing antibodies
against different live SARS-CoV-2 variants
using the PRNT,, method revealed significant
differences in antibody titers against the
Delta and Omicron variants. The neutralizing
antibodies against the Omicron variants BA.2
and BA.5 also showed a substantial reduction,
0.56- and 0.29-fold, respectively, relative to the
Delta variant. Our data also showed that the
antibody titers of the Delta and Omicron BA.5
variants were 1.78- and 0.52-fold relative to
Omicron BA.2, respectively, corresponding to
the study which has reported the neutralizing
antibody levels of the 1st generation vaccinated
and recovered patients in 2020 during the
outbreak of the Delta and earlier variants.""

There was also another report describing the

antibody levels against Omicron BA.5 0.22- and
0.67-fold relative to Omicron BA.2.*” Moreover,
the level of neutralizing antibodies to different
variants by the PVNA method showed that
the median level to the Delta strain was
significantly different from that of Omicron BA.2
and BA.5. In contrast, the median antibody
level of Omicron BA.2 was comparable to that
of BA.5 with non-significant differences, and
compared with each other, the level of neutralizing
antibodies was 1-, 1.3-, and 1.42-fold relative
to the Delta variant, respectively, differing from
the PRNT method. The advantage of the PVNA
method is that it can be performed in biosafety
level 2 (BSL2) and takes only 2 days to finish
testing, whereas the PRNT requires biosafety
level 3 (BSL3) and takes 3-7 days after the
incubation period with the virus.*”

In the aspect of homogeneity, sufficient
homogeneity was observed in the evaluation of
the lyophilized pooled serum prepared Lot No.
Lyo-110122. The geometric mean was within
+3 standard deviations, indicating that it had
properties as a reference standard antibody.
As a consequence, the data generated from
this study provided a valuable foundation
for developing reference standards for other
SARS-CoV-2 variants. For the establishment
of this reference standard, it is not used as a
secondary reference standard since its value
was not defined in IU, but in PRNT,, titers, the
value of which was sufficient and widely accepted
as a reference standard for quality control of
COVID-19 vaccines and the measurement
of the immune responses.

However, improving the sensitivity of the

PVNA method to match that of the PRNT is
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critical to enable more rapid testing, be safer
without using the live virus, and be practical
in laboratories lacking BSL-3 facilities,
particularly in rural areas. Strengthening
inter-agency collaboration among research
institutes, hospitals, and vaccine manufacturers
to share data and updated standards is essential
for maintaining the relevance and effectiveness
of these materials. Given Thailand’s experience
with multiple COVID-19 waves and the rapid
spread of variants like Delta and Omicron,
these measures are vital for ensuring timely
and accurate responses to future public health
challenges.

Post-production stability of the reference
standard was assessed at -20°C or below
through potency evaluation using actual usage
data against +3 standard deviation criteria.
Control charting of these data enabled trend
analysis to predict when stability would fall
outside these limits. This predictive capacity
facilitates timely decisions regarding the
preparation of subsequent lots to ensure
continuous availability, and conversely, informs
discontinuation if the strain or variant is no

longer relevant.

Conclusion

Evaluation results of the standard anti-
body Lot No. Lyo-110122 exhibited suitable
physical and biological characteristics to
use as a reference standard antibody against
SARS-CoV-2 in lyophilized form for vaccine
quality control and neutralizing antibody
testing in vaccinated populations. Standard
antibody levels against the SARS-CoV-2
Delta variant were determined by PRNT
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at 512.97 (473-556) (Geometric mean, 95% CI),
Omicron variants BA.2 at 288.14 (265-313),
and BA.5 at 161.49 (124-184). For further
research, one should also consider testing
for SARS-CoV-2 variants that are endemic at

particular times.
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Usinamasinadlasdasslunszuiumsuaaniinnsau

15uA5 uSMaus uazan

unin

Wasu1aflad (formaldehyde) (Juans
sunidlunduaadladifiaounilume figas
Tuiana #a CH,0 uashwiinTuana whiu 30.03
dnwasmluiflumsiliid fdndugu Jauaud
Hlud3ddisuuss dreglusausvaunaiie
Bun Wosindu (formalin) Feaziianuidudu
29851180 ladUsranasoeas 37-55 uazliw
WMUBAAN NI NTUUSE N MSaEaY 5-15 Lile
Yasnumsiialndwmss Wasuadladgnunld
Uselamitilatlastumansayaadaqdunidly
OENNNTINGNN 7 B FIND MANBAT &N 1A3ada N
Wudu® mudszmansznsnassagy atuil 391
W6, 2561 1389 NIMUABIMNSTNIINEES 1LEN
wWiadmihe sy Waswadlad Wumsinuld
Tuams® TagasdnsmumiansiTenside
(International Agency for Research on Cancer;
IARC) alinasinadladiiluansnanzSdanywd
nduil 1 minldfumemamelanianefionds
Tudsinanipe anamldiieamssematiasdaszuy
madumelauazanm lasudunaszazaaIal
uagamstianzSelnssaynla® wazasdnsiving
'51'0u,mé'amaaﬂszmﬂﬂw%’gam‘%m (Environmental
Protection Agency; EPA) salwifluansiiilonms
nax3ranyuglungy 1B (Probable Carcinogen)
wazmuuameansuliusloalalaglinalitnaanu
WhiNevdaraideaasrames (Reference Dose; RfD)
Tty 0.2 Fadnsuderhminga 1 AlanSudaiu®

Wasinadladluamsssnsaiiaduldedly
sysumdnazlusmsfithunszuums mnmsan
289 Nowshad F wazatiz iimsasianvluamsle
TutSanaiiuanehain Téun walal dn ungiond uang
WU 58.3, 40.6, 187.7 Uaz 194.1 mg/kg MUAIAU
Wudu® dludainzanunasinadladlaannms
wWasuaslaswianiiuaanlyd (Trimethylamine
oxide) lastaulyslasiuiioniy aandiaa
(Trimethylamine oxidase) Feusunaiinuaa

uaneNMIuegnUTaEaIe 9 Wi IBMT uasszey

namstnusne Wueu® lusssumanesunad lag
{ussdanars (Intermediate) fighanyilalums
Fuansitiluanavesdiidio weswnadladiily
anstinzuldesnalpmeiaiiazmenann
ﬂ’lmiﬂwulmugﬂﬂ’ﬁﬁﬂiz (Free formaldehyde;
Free-FA) wazlugufisanagiuasdu (Bound
formaldehyde) @y 1Us@u nsaiinaadn nsnasiily
A3edu Wuey 958U wun Free-FA
fienuhdamsiudumsthluanaludeiidienly
Aamstlasuulasgean® uazaansntuens
75223tA51% Free-FA luldlunsihseians
Yudaunasinailadluamsla™ Tagnsasia
Annsidsganasauduilismsdansadadu
MUGNUMINTIIANEUdulasIs High Per-
formance Liquid Chromatography (HPLC) %ﬁ
sansnszyUiinafiananwld

anadayamathssamstuidiounasinadlad
Tuamnsmezganaaau laamhanuludinanssnss
awﬁwsmqwﬁq 13 wagumw lul w.d. 2563 WU
Wasunad lad luniinnsauuasrinuiane I
427 89 MNIVNA 1,362 TraEn Aniupeas
31.35 LAMIATIRNUNBSINGE Lad Luenwns liasnse
aquldhidennmaidvadl/luams ilasnnams
uUssanysauliaaansonunas e ladle
MNFIINNA® uaznWanIsansIa Free-FA lag
Amarasfiansluarmanduidesiionadinns
Vuidlaunasunailad laud wilnga nilnnsau
aluwna Tasnsadnenenaasmsumnd Wathuuszanas
W.6. 2563 10U 396 faths Fufudathannamui
swhe 25 39wie Tu 5 mevasUszmelng anmsi
WU Free-FA laun #iinnsau 44 maee 28401088
#RNNTBU 120 MBEN (5088¢ 36.7) ﬂ%mmﬁwuagj
Tuze 10.8 - 1,022 mg/kg eusagIU 262 mg/kg
Fluueznn 29 @09 2eeAIpENaluNea/2M
fishumswand 128 dethe (Jesar 22.7) USina
ﬁwuagﬂuﬁaq 10.7-5,110 mg/kg AINDEFIU 318
mg/kg UWaLUINTR 1 ML 2B9MBENNNNT 148
et (3awaz 0.7) USinaiiwy 7.27 fiaaniuda
Alansy (mg/kg)"*
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MNAnateau Free-FA fiwuluniin
asavaranulennmsasladunesnauluniinga
iiatlesiumsuhdeviamsiishwinaeaiiee s
wazaasanulaannmsideaINnIEUIUNIS
FITNTIA WIALAAIINNITUIUMINANNTNNTBU
Fifimsthuiingemanus udrhuiinuiasnugly
Thenaitalivinwasd nseu uazies Feenadena
damsuasunas Free-FA lTuniinnsauld aaiiy
1wl w.@. 2564 ININSANHINNTLUIUNSKE
wiinnsaudnaliisina Free-FA iinduviaanad
Tasmsuaaniinnsauanniingantduvadanay
Usmnafiuandiedu ludeanududuiiisoya
ananulumeadraniinnsau®® uarieszidsunn
Free-FA Tagl#ismansaiensimeaiasd jidans
henaiin HPLC nnin3euiiieul3ana Free-FA

SEPINANNFANUBNNUYN LALHNNFANUNNANTBU

Mg
MIBENNNNNNDILFN YUINAITNEIIIN
UseaNl 15— 20 LEUANGS TDINNADINTA DIUNDLNDY

Ningug i

d15110551U

8138719937U formaldehyde Lot. No.
LRAC1954 (Sigma Aldrich, USA) anuiiugu
1,000 mg/L

GRRIGEY

Formalin 37%, AR grade (UNIVAR,
Australia), 2,4-Dinitrophenylhydrazine, AR
grade (Kemaus, Australia), Glacial acetic acid,
AR grade (Merck, Germany), Acetonitrile,
HPLC grade (J.T. Baker, USA), Perchloric acid,
AR grade (Merck, Germany), Baking soda, Food
grade (McGarrett, Thailand) tag ﬁlﬁﬂgu Type I

M55NTHANENANTATMTUNNE
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ia3asiiauazaunsalily

ww3nenslwdh Wde 0.1 Fadn3u (Sartorius
LP1200S, Germany), dwfwmmﬁ'gq (Hwashin
Technology Powersonic 405, Korea), Eiwﬁlﬁ'au
(Memmert WB 29, Germany), Lﬂ%awqumﬁ'm
LL‘LI‘LIﬂ’J’mL%’JQQ (Hettich Zentrifugen Rotofix 32,
Germany), N5:014N3599%1a Nylon 0.22 um
U0 13 waz 47 mm (CNW Technologies,
China), N9z 1#N5a4 Whatman No.1 (Whatman,
China), ¥aaawa)ddn 2uUIN 50 Uaz 15 Nadand
(Thermo Nunc, USA) CTGELY High Performance
Liquid Chromatography: HPLC (Agilent 1290,
USA), Column: Thermo BDS C18 (250 mm x 4.6
mm x 5 um) (ThermoFisher Scientific, USA)

MINAVBUAIBNKNNUAILALHANNIBU

MNTANE 3 FNNZUANGINNY LBZUGY
AAMENMNAaeh 5 A% Tnsudazasalsznaudie
ghathaniinaathmin 1 kg aniumnuiinliusia
iwmiinuiauglugsazanseadfit3onan Baking
soda, Food grade (McGarrett, Thailand) 20 g
araneluth 1 L fluszezna 1 du udavsau
manasasieiulszanm 1 @au Juagiuanm
2IMALUNITINWIMNIBENUINTAUILNITAINAIIN
eazBaadail

anmeit 1 ndueuay: ihudingautuiy
2 g dwdl 1 USinm 300 g uazduil 2 USina
700 g a1 Wieey Free-FA anadams
anienzdUSinamadanailadasss shud 2 1hll
udinwialagmsamnuaanarawsds Wuns 6 u
vwiinuidaile wiaily 2 dhu dud 1 i lvBesed
Free-FA duit 2 hluvhmiinnsau Testhmiinua
wiluasazaradns 1 au Mntuiminaseuly
ALH Free-FA

dnzi 2 M 3samiinnsauiil 0.37-0.74 %
formaldehyde: ihviinga 1 kg L@naNIazaIe 37%
formalin USinas 5-10 mL ldlushndy 500 mL
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15uA5 uSMaus uazan

(0.37-0.74 % formaldehyde) auliznnu wmldlu
[} = al' ¥ gol I~ 'Qg’ v & v o o
aavdinganudlunhude ugnely 1 Au wanhldm
PANNTDU WUHEINUFNILN 1 NIFU 5 A9
FAMEN 3 MSLASENVRNANTDUNN 1.48-2.22 %
formaldehyde: W winaa 1 kg t@naisazais
379% formalin USanat 20— 30 mL 1alu1nnau 500 mL
(1.48-2.22 % formaldehyde) aulwitinnu wmlalu
[ =1 u' i %’ < |qy v =~ v o o
aandinganudluhuie urdnely 1 Au wdnhldm
PHNNTAU HUHEINUFNNILN 1 MY 5 A5

nsnsladtaszvuSiaasuad landassy
(Free-FA)®
MIAIVNEITALAININTZIU waznIININATFIY
d19810353 U formaldehyde (working
solution) ANNENTU 100 mg/L to3aulasiaas
0931 formaldehyde aNu@NZY 1,000 mg/L
US11@5 0.5 mL ldlunaiadsinas 2ua 5 mL
wdulsnaseehnay w3sunNINesIU Lo
Yueasnasgiu formaldehyde (working solu-
tion) 12.5, 25, 50, 75, 100, 125, 150 pL ldlunasa
WNFANVING 15 mL LNaNTazane 30% Acetonitrile
114 0.1% Acetic acid 5 mL t&u 2,4-Dinitrophenyl-
hydrazine 1.0 mL (t03aulagazaig 0.12 n5u
2,4-Dinitrophenylhydrazine 618 Acetonitrile
50 mL ugwnldnaiausmnes vune 100 mL 7
18159818 Perchloric acid 8091du 1:19 ag
10 mL wazdu5inasitiu 100 mL dethnau)
wazih lU3eneviUsina Free-FA datadas HPLC
a0z Temperature: 30°C, Injection volume: 5 L.,
Flow rate: 1.0 mL/min, UV detector wavelength:
360 nm, Mobile phase: Isocratic elution;

Acetonitrile:Water (60:40)

a s a e 1a 4 = S
35n15esNtaszndSaaasuiad lanaass
(Free-FA)
WABENNRNNNIAINUILAT B U BALEINY
2 2 g a I a
Wuzwan 9 Ysinw 5 g ldlunasanaa®n 50 mL
@NEITATIY 0.1% Glacial acetic acid Usuas
30 mL tiiaane Free-FA Toagulugminanudg
9 40 Kilohertz 1lutia 30 111 1@ Acetonitrile
15 mL e lWlUsauanaznay warhlduansuaie

wdasnyuvissanuiigeiienud 4,500 sau
daund Wesazaredlagefiiun1snseaae
N3eMENIDY Whatman No.1 t6¥ 1.0 mL 2,4-
Dinitrophenylhydrazine wazth leseiSina
Free-FA éﬁmﬂ%}m HPLC muamazﬁﬁmum
AmurnUsuia Free-FA USautiisununsiw
MNOITIU MNIBNMINTINIANHDINUNAUMNLSE
ANNUaaANEBINIT NSNINBIEFASNITUNNG
Faraulasnn Yeh TS uazaniz® dglavhmsnaaau
AN 1lFler293531A518% (Method validation)
fgudineaaasmsuwndd 11 gavgisd
fienemududungaiiisnaaauamansnienswld
(Limit of Detection; LOD) hnu 2.5 mg/kg,
Aanududuigaiianansaieneidiagild
(Limit of Quantitation; LOQ) ¥nU 5.0 mg/kg
MIUFDUAN NN ULIEAN WD (Accuracy and
Precision) lagmst@nansanasgivadluaiaded %
Recovery WNnU 80-120% waz % RSD liiiu 20%
imsulSauiaunanisasiadeseisInAuaUn
AMNNUIZANNUBDANEDINIT agj’lummsﬁﬁm
wala waziimsmuauaamwmely laun nagau
Blank Tng1% 0.19 Acetic acid unusagha ms¥en
(Duplicate) wagnISLANSITALAIENINTFIU
°1u§hashuﬁavn % Recovery

MSTBNURS 63T

Andeedlaaini’ LOD azseaui
Taiwu

Midensldand LOQ udgenimia
wnAu LOD azsanuiniesni LOQ

Arfdtasldiiiduniagenit LOQ
IrMBNUMTIATIANY

NMIATIRaY

amululsnial Free-FA 289#%dnann
NszUIUMIIMinNIay aeudisuduauduge
ASEUIUMS (MRNER BRAWAY wazriinnsay) wan
WisuiieuU3ina Free-FA fianas munaiooay
299U53n0 Free-FA fianaslundazdiae Tag
wW3suiaulUsainm Free-FA 2aaniinganuniinuia
wazniinganuniinnsau lagldlusunsy Microsoft
Excel
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We

msAnmnmsiasuulaswassanm Free-FA
PNNTLUIUMTMNINNTAU 108MNISATITIANLH
S Free-FA 2aauiinan nilnuii uazuiinnsau
yasmsnaaasiiimsennasinaulumniingaluszau
AMNLTNAY 0.37-0.74% WD 1.48-2.22% lag
imin Tosflannsd 1 ngueuauiilifinedu
Wosudu msuduiingaluradanduludaluudiisl

Thudedsmsaadiaeiiauninaafisisminely
Waeoma U3ana Free-FA luniindsduagiums
@m%wla'ﬁ'mauﬁLﬁmﬁ?umuﬁisummusxa:nm
Msugiwhiy SeudaSinm Free-FA 2agudaz
fhadhaaaaae

HANTNAABIENIET 1 nguAILANT LGN
Wasanau a57aliny Free-FA wiluniinge wilnusia

UASVRNNNTAU AIULEAIlUAITINN 1

#3197 1 USanal Free-FA aaamiinnguaruaniliidawasandunsluniings wilnuvs uazviinnsau

Ut Free-FA (mg/kg)

ated
=< =~ Vv =~
BN BHNUR nannNIaU
1 Taiww Taiwu Taiwu
2 Taiww Tainww Taiwu
3 Taiww Taiww Tainwu
4 Taiwu Taiwu Tainww
5 Taiwu Taiww Tainww

Wanewa: LOD ¢y 2.5 mg/kg

HANIINABBITNIIEN 2 NITUIUNITHAN
wiinnsaufiinnasanauluniinge 0.37-0.74%
Toerhwiin wuuSanes Free-FA luniinge 174-508
WRAUWN 9.1-87.0 WBLWINNIOU 6.6-13.7 mg/kg
Muaau aaudalumised 2 uazaniizd s

AszUIUMSHAeuinnsauNANWasInNduluvings
1.48-2.22% laegnnwiin wuuSanas Free-FA Tuviiin
§0 397-1,975 BRNWIAY 38.8—-196 WALWNNNITBU

17.5-66.2 mg/kg MUSAU AT UM 1N 3

M15190 2 USae Free-FA 2aaniinde Biinurd wazninnsau awnwasinaulunings 0.37 - 0.74%

Taenhwiin
v . 4 Ut Free-FA (mg/kg)
PR AN - — -
wHNER BHAUA ninnsau
1 174 33.7 6.9
2 222 21.7 6.6
3 283 9.1 7.5
4 508 87.0 11.6
5 447 59.4 13.7
Ainae 326.8+144.5 42.2431.2 9.3+3.2
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15790 3 USIae Free-FA 2aninda Binuna wasviinnsau wadnwasunduluniings 1.48-2.22%

Taghwiin
o .\ 4 USua Free-FA (mg/kg)
PR AN - — -
wHNER BHAUAY ninnsau
1 397 38.8 19.2
2 685 75.3 25.0
3 558 41.9 17.5
4 839 158 63.5
5 1,975 196 66.2
Ainae 890.8+627.5 102.0£71.2 38.3+24.4

WatlSeuiey Sa8aztRdenIsanadund  MNAIOU wazNGNWBSINAUA NN 1.48—2.22%
U1t Free-FA Tuvinaanuniinud uasuiinganu  leguvitin inny 88.59+4.34 WAL 95.49+1.83
PRANIBUYDINSZUIUMSILANNDTINRUANNDNIY  ONAIOU AILFAa LU 4

0.37-0.74 % WNAU 87.45+6.38 LAY 97.01+0.63

M5190 4 WSauausaeaznI580a92a9UsNee Free-FA sevinavdinaalSeuieununinesa was

pinaalSsuigunuviinnsau aimsdnnasnauluviings

Sasazdgnisanaszailiaina Free-FA (n=5)

anadnduzasasinduiidsluniings — . . = S ———
ninaalSauiisununiinuia  nilnaaSeuiisununiinnsay

0.37-0.74 % 87.45+6.38 97.01+0.63
1.48-2.22 % 88.59+4.34 95.49+1.83

17aya3080su0U53N M Free-FAN0519WY  wasniinnIauanadadNgalaum 5 A58 a9uans
e tumw wuhU3inm Free-FA gamiinuids  lumwdi 1 uaz 2 muaau

100
E_F 80
(]
(] Lo
o B fhoensii 1
S 60 N
& iy 30871971 2
-5
qg e 7081371 3
& 40 »
=l = A = 00T 4
Er)
g = o= 67087971 5
220
0

wilnan QIS wiinnsau

NN 1 588289053 Free-FA 918089 SeHINUNNFANUNNNLIY WasHNNFANUNNANTBU NN

WasnduaNudndY 0.37-0.74% lagnvin lunlings (n = 5)

NININININNENFASMTUNNE
Un 67 avui 2 wwey - lguney 2568




Free Formaldehyde Content in Pickled Squid Production Process

Nirundorn Raekasin et al.

100 \

©
o

Free-FA

[o)
o

v tod
B el

Suned

p— (20871971 2

e 1206741 3

N
o

BB}

N
o

PG
'

- o = 08 4

v _Cod
= offf= = 11081571 5

v

wilnan

winuma

wilnnseu

MNN 2 58a:289U53 8 Free-FA N18089 SeWINURNNFANUBNNLIG LazuNNFANUNNNNTAU tHBLHN

Wasinduenududu 1.48-2.22% lagwin luniings (n = 5)

a 4
AU

ASTUIUMSTINANNTDUNIDNNIUTA N Ad
msihviinaasnamauaaduniinuia uahuiinuia
snugehailuniinnsau msanwmadeilflumsdnm
mswaaninnsaunnuinaanaaasan Izt aud
sheluriasnana Tesugniinaaludslnlaisihuds
fdnnasndy waziduniinudilastimiings
mauaa lumsisnasinauadluniingalumsanuni
Tadanszduenuuduiy 2 7 duiludnas
u,a:mqq“?;mmwﬂwﬁﬂﬂsau NNTBYIMII T
pmsnguidmiiimstuiiourasinadlad Taud
winga nilnnsau wazaluun Tulasamsysanms
mslannny Usenthudszanm w.e. 2563 289
aiinauMNWuazaNNUaaaNEaINT NSNIMENMENT
msuwng iwu Free-FATutSana10.8-1,022 mg kg
ANSEFIU 262 mg/kg IFandnmlosnsidun
WadsnauluniingaiszduanuEagy 0.37-0.74%
wazeNUENTY 1.48-2.229 Taenhwiin Tasfingu
muauitlifimadurasinau uGazMINaaadr
5 051 Tosflsvasnavheiuilssana 1 o Juagiu
Tamalumssammathaniingauazammwarneils
Tumsmnuiinuis nwamsinmmslasuulas

209US18 Free-FA annszulumsmMyinnsau

]
A

AduNasuduUsSH e luvinganaum
BRNNIAU WaNUISPEazudUSn e Free-FA
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fianas anSsuiisuiuUsinaduiweminga
WAWDSINAUANNINIU 0.37-0.74% AT 1.48-2.22%
ZapazmasmsanaswasUsanm Free-FA Tuniinge
diawSsuisuiuniinuis uasniinsan3eudisu
AUNANNTBU NNWAMIANIFDAARBNNUAMANTA
yasnadinadladiifluasszmeldhouazazansii
183 iarminaananuaaduniinuiaudd
iniinuiasnudeaduniinasey FJamldusunn
Waswadladanasle
mnﬁayamsﬁﬁnmmsmjuLﬁ'aQﬁﬁﬂws
Yuitlounadanailad wilnnsau niinga Tasams
ysanmsasuaaany Usshthulseann w.e. 2563
29NN AMMINULAEANNUDBANEDINIT WU
Free-FA luniinnsauuSana 10.8-1,022 mg/kg
AINGEFIU 262 mg/kg waznilnganwy 7.27
mg/ kg LﬂuﬁwﬁQQﬂiwﬁwuluﬁssuﬁﬂa Wio
wWisuiisuiudayannmsdrisiausina Free-FA
Tumdinuazuiinimuelas (Shredded squid) 2789 Yeh TS
uazamz® wuuSuna Free-FA 10.4 uas 4.1-48.5
mg/kg MUY waznIS@N®I289 Zhang X
uazanz mmsaniUSana Free-FA Tuwiin
MURYND 280 12 ey Wulianm Free-FA
aglugie 1.51-36.8 mg/kg wazdayadan Risk
Assessment Section Centre for Food Safety”*

agudayausmnanasiiadladniieanassne
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YA INaUNYA U3 (shrimp) ¥in (squid) way
Fafihniindanuda (crustacean) wunasinailas
1.0-2.4, 1.8 4@z 1.0-98 mg/kg Mmooy (Hudu
Tunms@nwuSuia Free-FA Tunszuiunsnae
wiinnsau TeadnnasinaululSnaiuandieiu
luniinge wihenuEatueee Free-FA fiwuzas
dhagwiidnn 5 71 azlianuuandefuiuagiu
MIQATUNDIINEUVBINTN UWANANUTINTELIUNS
naauinnsaUM IS Free-FA a0a91nnn
Sawar 80 datumnmsfnuasiiiutayafiatiuayu
1¢37 wmnwumsduitiounasanadladaas:lu
niinnsau heannistianeswduluviinga
USnagenaunszuiumsmvinnsay v3ee1aie
PINMSEHNMENSINTLIUMSNTNNTAY 39075
yhmneasuiafignisundgiuidall naimsdnen
adail I6hmsas9iesed Free-FA Taglilada
nRNABUATIIATIEH MnTMsaniinnaunsia
Jeseriwnliumldusinanesuiadladanas
T¢an Sasieuuzihimdnlumsithsssamsuuidiou
Wosinadladlusmsmeganaday WNin1503I3
wuwasnadlad anansonagaumiagmsansiiach
MNIBMIVGANaFaUNDTNFUYBINTIINENMAAS
msunng mnwunasinduluaims Fuesasazas
limasavaniiufoun uazanudunasdazulsiiy

aseafulsanaasingy asnsoaglidasdui

v
=

RN NISENNBSNIFUTUINISAINED LN

a

nandesaunNgNNMslEwasinay Jauuheuan
= v v ¥ < [ = 1 Y <
wiageldnuzelumssnmamn vialdlugiéu
wasnwmanweaaniinnsaulussninanmihauny
msldnasinduy FNapanaenumIAn®zae adas
auagnsna’® nnuhamainsanuinwmiinndiele
6 3 ceIsmsudlunuda wazmsdinzes Bianchi F
o 2 (16) PN v < 1] o b‘L ¥ =
wazAe"” Inunmsiulamzeluhueaanse
a 4 I v | YV a o 4
aamsiiavasinadladle duguilnauuzili
aniingauasniinnsaumeinazaanauih Ul

sz Ivaamsuudauzaswasinad lasle

asu
9

MsaneIUsuawesuIai laddass bu
nszuIUMsHanuiinnsau laatdunasunaulu
Usanafiuandeiuluniings wanuinszuiums
HaauAnnsaUM AU RS INaR laddasanad
wnnnhdases so daiunnmsfnmasaiiiludaya
attusyuldh manumstuidlauwesinadladaasy
luniinnsavazitiaanmsidunasunauluniings
USINUganaunszuIUNMSHAANINNIBY NIBLAN

MERIINTLUIUMSHINNRNNNTDU

Aeeanssndsea

oUBUAM WIUIENITGUEINeIMaaT
Maunnei 11 gnegsoil nadnenmansmsunnd
Almsaiuayunsdnwmaded wasidrmihi
wasftamsemns ilianasniislumsdiiums
AnweSeiluussanadiSaced uasuavam diin
AMMNKIANNUIBAAEDINIT NTNINENMERT
NMSUWNNg Ja18Manisn13n5I93esiUIun
Wasinadladdas: uazuamwiniad ndananasy
rinaumweazaNNUaanie1Ms NIINENMans
msunng AlianiEnndninmsassamsdnm

ENEITANN

1. Liteplo RG, Beauchamp R, Meek ME, Chénier R.
Formaldehyde: concise international chemical
assessment document 40. Geneva: World
Health Organization; 2002.

2. ﬂs:mﬂnixmwmmsmqw aﬁuﬁ 391 (W.¢. 2561)
aanmuaNlunsE sl foms w.d. 2522
309 MuuasIMsiuEae i wissmie.
TININYLUAE LEN 135 ABUNLAY 237 3 (5'14“7; 25
AUENEY 2561). KU 18.

3. International Agency for Research on Cancer.
Formaldehyde, 2-butoxyethanol and 1-tert-
butoxypropan-2-ol. IARC Monogr Eval Carcinog
Risks Hum 2006; 88: 39-325.

NININININNENFASMTUNNE
U 67 aUui 2 e - dguneu 2568




Free Formaldehyde Content in Pickled Squid Production Process

Nirundorn Raekasin et al.

10.

United States Environmental Protection
Agency. Formaldehyde. [online]; [cited 2024 Feb
19]; [16 screens]. Available from: URL: https://
iris.epa.gov/Chemicall.anding/& n
nmbr=419.

Nowshad F, Islam MN, Khan MS. Concen-
tration and formation behavior of naturally
occurring formaldehyde in foods. Agric Food
Secur 2018; 7: 17. (8 pages).

Ariyani F, Anissah U, Januar HI, Barokah
GR, Putri AK. The effect of formaldehyde
addition on the distribution of trimethylamine
oxide (TMAO) and trimethylamine (TMA) in
marine and freshwater fish organs. ATP Conf
Proc 2022; 2553, 0200061-5.

i g3and, Tuis afinde. Weswadlad
Tuans. 2 Aivinenlng 2560; 32(1): 53-66.
Yeh TS, Lin TC, Chen CC, Wen HM. Analysis of
free and bound formaldehyde in squid products
by gas-chromatography-mass spectrometry. J
Food Drug Anal 2013; 21: 190-7.
anindadSuiazaiuayuemsiasany §innu
ﬂé}ﬂﬂiﬁﬂilﬂa']ﬁ'ﬁmq"ll. ’i']EN']uﬂﬂ']uﬂ'ﬁiﬁﬂ'ﬂN
Uananzuasanms Thudszanm 2563. [pauladll.
2563; [FUAY 24 W.2. 2567]; [121 WP, whaelan:
URL: https://foodsafety.moph.go.th/main/?p
=list&sec=378&detail=1010.

figen qussmiwg, i g3and, 19 winNen,
Suda @iinde. massanesinailadasss
Tuniinaa ninugen uazaluwne. lu: anansussyu
Amsinmmansmaunnd a3 29, uunys:
ﬂﬁN%VIEI']ﬂ"IﬂGl{ﬂ"IiLLW‘YIET ﬂi%'ﬂi?\iﬂ"lﬁ']imq‘ll;
2564.

11.

12.

13.

14.

15.

16.

dinauAINLAEAINYABANEDINIT DTN
Inenenansmsunng. NenuFFUHaM MUY
Tﬂsqmsysmmsmmsﬂaaﬂﬁa (Food Safety)
Uszathaudseanas 2563. [aaulail]. 2563; [HUAU
13 §.a. 25681; [207 wih]. whdalen: URL:

http://basf.dmsc.moph.go.th/bgsfWeb/index.
php/sdm_downloads/food_safety_ report 2563.

dinAMMINLAEAINUBANEDINIT NN
Inerddasnsuwnd. Wasuad ladlusruwis.
[eaulail]. 2561; [FUAY 24 W.8. 2567]; [48 W]
1&al6i: URL: http://bqsf.dmsc.moph.go.th/
bgsfWeb/index.php/formaldehyde-in-food.
Zhang X, Kong C, yu Tang Y, ling Fang C,
yun Huang X, yi Lou X, et al. Seasonal varia-
tion of background formaldehyde content in
large squid from scientific research research
vessel. IOP Conf Ser: Earth Environ Sci 2020;
461: 012059. (4 pages).

The Government of the Hong Kong Special
Administrative Region. Formaldehyde in food.
[online]. 2017, [cited 2024 Feb 17]; [6 screens].

Available from: URL: https://www.cfs.gov.

hk/english/programme/programme_rafs/

programme_rafs_fa 02 _09.html.
pAAT) duAgNsNa. MIANWIAYTAMNINYBY

WAANSIY UALUINNTLABITENINMTLAUSNE
Tosmsugluthusia wazmsiianudia Bnenfinug].
Finemansuazinaluladernns. d9van:
NININENBYFWAIUASUNS, 2553.

Bianchi F, Careri M, Musci M, Mangia A., Fish
and food safety: determination of formaldehyde
in 12 fish species by SPME extraction and
GC-MS analysis. Food Chem 2007; 100(3):
1049-53.

N3N ININNENFASMTUNNE
U 67 atuin 2 ey - lguieu 2568



Usinamlasinadladdaszlunszuiumswianiinnsau 15uA5 uSMaus uazan

Study of Free Formaldehyde Content in
Pickled Squid Production Process

Nirundorn Raekasin, Janya Bunwichit, and Kheamikar Hemloha
Regional Medical Sciences Center 11 Surat Thani, Department of Medical Sciences, Muang District,
Surat Thani 84100, Thailand

ABSTRACT Formaldehyde, also known as formalin, is classified as a human carcinogen and is
prohibited in food products. This prohibition is outlined in Notification of the Ministry of Public Health
(No. 391) B.E. 2561 (2018), which specifies prohibited foods from production, importation, or sale.
In marine animals, such as squid, free formaldehyde (Free-FA) may be present due to natural spoilage
or intentional addition, often to prevent spoilage during transportation and the production process.
A study was conducted to determine Free-FA content in pickled squids, which is a high-risk food with
high Free-FA. This involved examining whether the pickled squids’ production process, Free-FA, increased
or decreased by adding varying amounts of formalin to the fresh squid before pickling. Free-FA contents
in fresh squids, dried squids, and pickled squids were analyzed using the HPLC technique in two sets
of studies. The results showed that the Free-FA content in dried and pickled squids was reduced by over
80% and 90%, respectively, compared to fresh squids across all treatment conditions. This reduction was
attributed to the squid pickling process, which included drying and alkali immersion, promoting formalin
evaporation and dissolution. In conclusion, the presence of Free-FA in pickled squids was likely due to
the intentional addition of formalin to fresh squids or soaking water during distribution. To minimize
formaldehyde exposure, traders are advised to use ice instead of formalin for soaking squids, and consumers

are advised to rinse squids with water before cooking.

Keywords: Free formaldehyde, Dried squid, Pickled squid
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Study on Reducing Contamination in
Hemoculture at Phra Ajan Fan Arjaro
Hospital, Thailand

Pradsakon Chouisudsakunchai
Medical Technology Division, Phra Ajan Fan Arjaro Hospital, Pannanikhom District, Sakonnakhon 47130,
Thailand

ABSTRACT Reducing contamination in blood cultures is crucial because improper sample collec-
tion, which leads to contamination in blood samples, can result in incorrect diagnoses. These may cause
inappropriate treatment and unnecessarily increased healthcare costs. The study conducted at Phra Ajarn
Fan Ajaro Hospital, Sakonnakhon, Thailand, aimed to compare the reduction of blood culture contamination
before and after the implementation of revised procedures. The data were collected on the number of blood
culture bottles found to be contaminated in two periods, before and after the procedure revision. The data
were analyzed using descriptive statistics, mean, and percentage. The pre-review results showed an average
of 0.989% Coagulase-negative Staphylococci spp. and 0.12% Viridans streptococcus. The post-review results
showed an average of 0.26% Coagulase-negative Staphylococci spp., therefore, the average contamination
was reduced to 76.36%, higher than the target goal of 60%. This demonstrated the effectiveness of the

revision of the procedures in reducing contamination.

Keywords: Hemoculture contamination, Contaminated blood for hemoculture, Contaminated blood
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Development and Validation of a
Real-Time PCR Assay for HLA-A*31:01

Genotyping in Pharmacogenetic Screening

Nuanjun Wichukchinda', Wimala Inunchot’, Tiparat Potipitak®,

Sukanya Wattanapokayakit®’, and Surakameth Mahasirimongkol®

'Medical Sciences Technical Office, Department of Medical Sciences, Nonthaburi 11000, Thailand
’Medical Life Sciences Institute, Department of Medical Sciences, Nonthaburi 11000, Thailand
*Technical and Planning Division, Department of Thai Traditional and Alternative Medicine, Nonthaburi

11000, Thailand

ABSTRACT Carbamazepine (CBZ) is a widely prescribed anticonvulsant for the treatment of epilepsy,
trigeminal neuralgia, and bipolar disorder. Although therapeutically effective, CBZ can trigger severe adverse
drug reactions (SADRs), including life-threatening severe cutaneous adverse reactions (SCARs). Robust
pharmacogenomic evidence has linked CBZ-induced SADRs to specific human leukocyte antigen (HLA)
alleles, particularly HLA-B*15:02 (along with other alleles in the HLA-B75 serotype group)
and HLA-A*31:01. While clinical testing for HLA-B*15:02/B75 is widely accessible in Thailand,
HLA-A*31:01 genotyping remains unavailable in many settings, leaving a critical gap
in comprehensive pharmacogenetic risk assessment. This gap is of particular concern because
HLA-A*31:01 is associated with a broader spectrum of CBZ hypersensitivity and is more
prevalent in populations where HLA-B*15:02 is uncommon. To close this limitation, we developed
and validated a real-time PCR assay for HLA-A*31.01 to complement existing genotyping services.
Clinical validation was performed on 198 genomic DNA samples with known HLA-A genotypes, including
14 HLA-A*31:01-positive and 184 negative samples. The assay demonstrated high sensitivity with a
reliable detection range of 0.78—200.00 ng DNA /reaction and revealed 100% concordance with the reference
method. Its simplicity, speed, and compatibility with standard laboratory workflows highlight its clinical
utility. This assay represents a significant step toward safer, personalized CBZ therapy by enabling

comprehensive, preemptive screening for SADR-associated HLA alleles.

Keywords: HLA-A*31:01, Real-time PCR, Carbamazepine, Severe adverse drug reactions (SADRs),

Pharmacogenetics
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Introduction

Carbamazepine (CBZ) is a commonly
prescribed anticonvulsant used to manage
epilepsy, trigeminal neuralgia, and bipolar
disorder."” Its mechanism of action involves
inhibiting voltage-gated sodium channels in the
brain, thereby mitigating seizures and neuropathic
pain.”’ Despite its clinical efficacy, CBZ is a
known cause of severe drug hypersensitivity
reactions, particularly severe cutaneous adverse
reactions (SCARs) such as Stevens-Johnson
Syndrome (SJS), Toxic Epidermal Necrolysis
(TEN), and Drug Reaction with Eosinophilia
and Systemic Symptoms (DRESS), which can
lead to significant morbidity and mortality.” *

Pharmacogenomic studies have identified
strong associations between CBZ-induced
severe drug hypersensitivity reactions and
specific Human Leukocyte Antigen (HLA ) alleles,
notably HLA-B*15:02 and HLA-A*31:01.>°""
HLA-B*15:02 is a key member of the B75
serotype, which also includes HLA-B*15:08,
HILA-B*15:11, HLA-B*15:21,and HLA-B*15:31.
HLA-B*15:02 is strongly associated with
CBZ-SCARs, predominantly among East and
Southeast Asian populations. Its prevalence
reaches 10-15% in Han Chinese, 8—12% in Thai
populations, and approximately 12% in
Malaysians, but remains rare among Europeans,
Japanese, and Africans.®® Other B75 alleles,
including HLA-B*15:08, HLA-B*15:11, and
HILA-B*15:21,though found at lower frequencies,
have also been implicated in CBZ-induced
SCARs."*'V

Conversely, HLA-A*31:01 is associated
with a broader spectrum of CBZ hypersensitivity
reactions, including maculopapular eruptions

and DRESS. Its prevalence is approximately

8% in Japanese, 4-7% in Koreans, 2-5% in
Europeans, and 1-2% in South Asians.”""
Based on these associations, the Clinical
Pharmacogenetics Implementation Consortium
(CPIC) and U.S. Food and Drug Administration
(FDA) recommend genetic testing for both
HLA-B*15:02 and HLA-A*31:01 before CBZ
therapy initiation.®'?

HLA typing can be conducted using
various technologies. Sanger sequencing and
bead-based hybridization have been used for
decades."” They are resource-intensive and
require specialized personnel. Next-Generation
Sequencing (NGS) offers high resolution but is
limited in routine clinical use due to its high
cost and complexity."” In contrast, real-time
PCR and conventional PCR provide faster
turnaround, cost-efficiency, and are suitable
for most molecular laboratories.”*” Although
Single-Nucleotide Polymorphism (SNP)-based
real-time PCR assays using tag-SNPs, such as
rs1061235 or rs17179220, have been investigated
for HLA-A*31:01 detection due to their
cost-effectiveness."®'® These assays often show
diminished specificity, especially in admixed
populations, which restricts their practical
application and underscores the superiority
of allele-specific real-time PCR as a more
dependable alternative.

Currently, PCR-based pharmacogenetic
testing for HLA-B*15:02 and the broader
HLA-B75 group is available through the
Department of Medical Sciences under
Thailand’s National Health Security Office
scheme.” However, these tests do not include
HILA-A*31:01 genotyping, leaving a diagnostic
gap in the preemptive screening of CBZ-

induced severe drug hypersensitivity reactions.
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In contrast, medical schools and high-end
private hospitals typically use HLA typing,
laboratory-developed tests, or commercial kits
for HLA-A*31:01, which are not aligned with the
methodology implemented in the Department
of Medical Sciences (DMSc) network.
Remarkably, to facilitate nationwide
implementation, DMSc completed the technical
transfer of HLA-B75 real-time PCR testing
to the private sector in 2024. Developing

an additional real-time PCR assay for
HILA-A*31:01 can bridge this gap and support
broader clinical adoption. This study
addressed that need by developing and
validating a real-time PCR assay specifically for
HLA-A*31:01, aiming to expand the detection
of CBZ-induced adverse reactions. Wider
availability of this assay could improve drug
safety across diverse Thai populations and
strengthen national pharmacovigilance and

precision medicine in Thailand.

Materials and Methods

DNA samples

This study utilized leftover genomic DNA
(gDNA) from EDTA-anticoagulated blood
samples originally collected during the Third
Thailand National Health Examination Survey
(NHES III). A total of 650 gDNA samples had
previously undergone HLA-A allele typing
using a bead-based hybridization assay
(WAKFlow HLA Typing Kit and WAKFlow
Typing Software, WAKUNAGA, Japan) as
part of a prior study.®” For the present study,
a subset of 198 DNA samples was selected
for clinical validation, comprising 31 HLA-
A31:01-positive and 167 HLA-A31:01-negative
samples.
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The gDNA used in this study was previously
extracted using the QIAamp DNA Blood Mini
Kit (Qiagen, Germany), following the manu-
facturer’'s protocol. Each extraction involved
processing 200 uL of EDTA-anticoagulated
blood to obtain 50 uL of genomic DNA. For the
current study, the quality and concentration
of the leftover gDNA were reassessed using
NanoDrop™ 2000 spectrophotometry (Thermo
Scientific, USA), ensuring an OD, /OD,  ratio
between 1.60 and 2.00 and a minimum DNA

concentration of 20 ng/uL.

Ethical approval

Ethics approval for this research was
granted by the Department of Medical Sciences,
Ministry of Public Health, Thailand (Protocol

No. 33/2566, December 6, 2023).

Plasmid controls

A 500-bp synthetic DNA fragment
corresponding to the HLA-A*31:01:02.01 allele
(spanning exon 2 to exon 3, including intron 2)
was cloned into the pMK-RQ (KanR) vector.
Additionally, a 980-bp segment of the Tissue
Inhibitor of Metalloproteinase 1 (TIMP1) gene,
located on the human X chromosome, was
inserted into the pMK-RQ (AmpR) vector to
serve as an internal control. Both plasmids were
custom-designed and synthesized by Invitrogen
(Invitrogen, USA).

The TIMPi1 plasmid was diluted to a
final concentration of 50 copies/uL and used
as a plasmid negative control (pNC). Equal
concentrations of 100 copies/uL for both the
HLA-A*31:01 and TIMPi1 plasmids were
combined to create a plasmid positive control

(pPC). Quality control for each batch of genomic
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DNA (gDNA) testing included the pNC, pPC,
and nuclease-free water as a no-template

control (NTC).

Primers and probes design

A comprehensive multiple sequence
alignment of all known HLA-A alleles spanning
exons 1 to 4 was conducted using HLA-A*
31:01:02.01 as the reference sequence. The
alignment was performed with the web-based
Major Histocompatibility Complex database
(dbMHC) Sequence Alignment Viewer

(https://www.ncbi.nlm.nih.gov/Web/Newsltr/
Summero3/dbMHC.html), which identified
unique polymorphic regions for primer and
probe design. Primers and probes were designed

using Primer Express Software v3.0.1 (Applied

Biosystems, USA) to optimize melting
temperature (Tm), GC content, and reduce
the potential for secondary structures and dimer
formation.

The HLA-A*31:01-specific probe was
labeled with Cys5.5 at the 5 end and quenched
with a minor groove binder (MGB). The TIMP1
internal control probe was labeled with Cy5 and
also quenched with MGB for spectral resolution
in duplex PCR. The detailed characteristics of
the primers and probes used in this study are
presented in Table 1.

The designed primers and probes used
in this assay have been submitted for petty
patent registration with the Department
of Intellectual Property, Thailand (Application
No. 250300202).

Table 1 Sequences and properties of primers and probes for HLA-A*31:01 and TIMP1 detection

Primer/Probe Sequence Size Tm CG  PCR product
name (5' to 3") (bp) (°C) (%) (bp)

As101-F GGC TCC CAC TCC ATG AGG TAT TTA AC 26 65.6 54 237
A3101-R CCC CAG GTC CAC TCG GTC AA 20 64.0 65
A3101-probe Cys5.5- CTC CTG GTC CCA ATA CTC AGG 24 78.0 58

CCT - MGB
TIMP1-F CAT GGA GAG TGT CTG CGG ATA CTT 24 60.5 50 74
TIMP1-R TGC CTC ACC AGC AAT GAG AAA 21 60.3 48
TIMP1-probe CY5- ACA GGT CCC ACA ACC GCA GCG 22 65

A -MGB 80.0

Real-time PCR optimization for the
detection of HLA-A*31:01

Real-time PCR optimization involved
titration of primers and probes (0.1 to 2.0 puM).
Reactions (12 pL) consisted of 2 ul. DNA and
10 uL. KAPA PROBE FAST qPCR Master Mix
(Roche, USA) with appropriate primer and
probe concentrations. Temperature optimization
was performed via gradient PCR (57.0°C to
72.0°C) using the CFX Opus Real-Time PCR

System (BioRad, USA), which automatically
generated eight temperature points: 57.0°C,
58.0°C, 60.0°C, 62.9°C, 66.5°C, 69.5°C, 71.2°C,
and 72.0°C. Amplification curves and Ct values
were analyzed using CFX Maestro Software
(BioRad, USA). An HLA-A*31:01-positive
and an HLA-A*31:01-negative gDNA samples
(20 ng/uL) were used to identify the optimal

conditions for specific and efficient amplification.
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Method validation

Analytical performance was assessed
in duplicate with a two-fold serial dilution of
DNA across 12 dilution points, from 100 ng/uL
down to 0.049 ng/pL. Amplifications were run
under optimized PCR conditions, and reactions
yielding Ct values below 30 for both Cy5
(TIMP1) and Cy5.5 (HLA-A*31:01) were
interpreted as positive.

Validation of clinical sample testing was
performed using 198 gDNA samples, comparing
real-time PCR results with those obtained
from the bead-based hybridization. Discordant
samples were re-evaluated by Oxford Nanopore
Technology (ONT) long-read sequencing at the
Siriraj Long-Read Lab.®*

Results

Real-time PCR optimization for the
detection of HLA-A*31:01

The final real-time PCR assay was
established based on conditions optimized

during the development phase that yielded the

57.0°C
58.0 °C
/j#= 60.0 °C
62.9°C

1A: HLA-A*31:01 positive gDNA

4 66.5°C

best results. Each 12 pL reaction included 2
uL of DNA template and 10 uL of master mix.
The mix comprised 2.0 UM each of HLA-A*
31:01-specific forward and reverse primers,
1.0 uM of the Cy5.5-1abeled probe, and 100 nM
and 40 nM of TIMP1 primers and Cy5-labeled
probe, respectively.

For thermal optimization using gradient
PCR, strong and specific Cy5.5 fluorescence
signals were consistently observed in an HLA-
A*31:01-positive sample between 57.0°C and
69.5°C, although the signal was poor at 69.5°C,
with a Ct value of 30.50. In contrast, weaker
and non-specific signals (Ct < 30) were detected
in an HLA-A*31:01-negative sample at
temperatures between 57.0°C and 62.9°C. The
HLA-A*31:01-negative sample also gave a very
low signal at 66.5°C. From these findings, 67°C
was selected as the optimal annealing/extension
temperature, balancing specificity and workflow
compatibility with our current B75 genotyping.
The amplification plots for positive and negative
samples at various temperatures are shown in

Figure 1.

;- 66.5°C

1B: HLA-A*31:01 negative gDNA

Figure 1 Amplification plot of an HLA-A*31:01 positive gDNA (1A) and an HLA-A*31.01
negative gDNA (1B) at eight temperature points; 57.0°C, 58.0°C, 60.0°C, 62.9°C, 66.5°C,

69.5°C, 71.2°C and 72.0°C. The pink curves represent Cy5.5 fluorescence from the

HLA-A*3101 probe; the green curves represent Cy5 fluorescence from the TIMP1 probe.
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Based on the results from gradient
temperature optimization, the finalized thermal
profile included an initial denaturation at 95°C
for 3 minutes, followed by 35 cycles at 95°C
for 20 seconds and 67°C for 1 minute. This
configuration ensured reliable and reproducible
amplification of the HLA-A*31:01 allele in both

clinical and research samples.

Validation of the detection range
The analytical performance was assessed

by performing two-fold serial dilutions of

Amplification

700

genomic DNA ranging from 100 ng/pL to 0.049
ng/uL in duplicate. Robust and consistent
amplification signals (Ct < 30) were observed in
9 out of 12 dilution points, corresponding to DNA
amount between 200.00 and 0.78 ng per reaction,
for both the HLA-A*31:01 target and the TIMP1
internal control. Even the dilution point at
0.39 ng/reaction showed an amplification curve
and detectable signal; its Ct value was 32.5,
which exceeded the threshold of 30 and was thus
interpreted as negative. Amplification curves

for all 12 DNA dilutions are shown in Figure 2.

RFU

Cycles

2A

Amplification
700 T T T T
g0t L L N SO e
s00 F....... RRRREE ERRRRES IREREREE EERRRRE Dol
o t....... e P P L P
® apl...... ERERRE ,,,,,,, EREREEE FRTEERRESRRPRS
20 oot
00 1...... . e e e |
0 § :
0 5 10 15 20 25 30 35
Cycles
2B

Figure 2 Amplification plot of an HLA-A31.01-positive gDNA sample across a series of

concentrations. A two-fold serial dilution of 100 ng/uL from an HLA-A31:01-positive

gDNA sample was performed, resulting in 12 concentrations ranging from 100 ng/uL

to 0.049 ng/uL. Positive signals were observed in 9 out of the 12 tested concentrations

(equivalent to 200.00 to 0.78 ng per reaction). Panel 2A displays the Cy5.5 signal (pink)

generated by the A3101 probe, while Panel 2B illustrates the Cy5 signal (green) from
the TIMP1 probe. Panels 2A and 2B represent data from the same real-time PCR

experiment.

Validation of clinical sample testing
Among the 198 clinical DNA samples
tested, the real-time PCR assay accurately
identified 14 samples as HLA-A*31:01-positive.
These 14 positive samples showed Ct values
below 30 for both Cy5.5 (HLA-A*31:01) and Cy5
(TIMP1) signals, with mean + SD of 24.77+2.17

and 20.36+0.77, respectively. The 167 negative
samples yielded only Cy5 (TIMP1) signal with
a mean + SD of 20.53+0.92.

In comparison, the bead-based hybridi-
zation method previously identified 31 positive
samples.®” To resolve this discrepancy, the
17 discordant samples (reported positive by
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hybridization but negative by PCR), along with
3 concordant samples (positive by both assays),
were retested using Oxford Nanopore Technology
(ONT) long-read sequencing at the Siriraj
Long-Read Lab. ONT confirmed that the
3 concordant samples were true carriers of
HLA-A*31:01. However, all 17 discordant
samples were negative for HLA-A*31:01,
fully aligning with the PCR assay’s results and
indicating that the hybridization method had
overinterpreted positives due to misclas-

sification. This analysis established 100%

concordance between the developed PCR assay
and ONT-confirmed genotypes, validating
its accuracy and clinical reliability. Figure 3
illustrates the amplification performance of 37
gDNA samples, as a representative subset from
the 198 samples analyzed during such validation.
Among these, two HLA-A*31:01-positive
samples were detected. The plot demonstrates
a clear differentiation of the CY5.5 signal
between positive reactions (gDNA and the
plasmid positive control (pPC) and negative
ones (negative samples (pNC) and no-template
control (NTC)).

- Mpnm 1 ' r
a0 L y Positive gDNA sample
b pPC
Positive gDNA sample

Figure 3 Amplification plot of 40 reactions, including two HLA-A*31:01-positive gDNA samples,

35 negative gDNA samples, and 3 controls: plasmid positive control (pPC), plasmid

negative control (pNC), and no-template control (NTC). The Cy5.5 signal (pink)

represents amplification from the A3101 probe, while the Cy5 signal (green) indicates

amplification from the TIMP1 probe.

Discussion

This study presented a validated real-time
PCR assay for HLA-A31:01 detection,
demonstrating high analytical and clinical
performance with complete concordance to

Oxford Nanopore Technology (ONT)-based
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Long-Read Sequencing. Compared to the
bead-based hybridization, which overestimated
HILA-A*31:01 positivity due to potential allele
misclassification, this allele-specific real-time
PCR assay offers superior specificity. Seventeen

discordant samples initially identified as
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HLA-A31:01:07 by hybridization were
accurately genotyped as HLA-A33:03:01 using
ONT, highlighting the precision of the designed
primer-probe set.

Several real-time PCR assays for HLA-
A*31:01 genotyping have been developed and
validated in specific populations. For instance,
Zhang et al. designed a TagMan-based multiplex
assay validated in Han Chinese and Tibetan
populations, achieving 100% sensitivity and
98.9% specificity."” However, their probe design
targeting an 82-bp amplicon demonstrated
cross-reactivity with HLA-A*33:01. Nguyen
et al. developed a triplex assay for detecting
HLA-A31:01 and HLA-B15:02, incorporating
an internal B-actin control.”” This assay
achieved high sensitivity, detecting DNA as low
as 0.037 ng/puL.

In contrast, the real-time PCR assay
developed in this study was uniquely designed
to target three defining polymorphisms in a cis
configuration across exons 2 of HLA-A*31:01.
This molecular configuration enhanced allele
specificity and eliminated cross-reactivity with
HILA-A*33:01, a known limitation in other
designs. While our detection limit (0.78-200.00
ng/reaction) was less sensitive than Nguyen's, it
adequately encompassed the DNA concentrations
typically used in clinical pharmacogenetic
settings where sample quality and quantity
might vary.

Furthermore, this assay was specifically
designed to be compatible with the existing
real-time PCR platform used for HLA-B75
testing. By sharing a consistent thermal profile
and reagent compatibility, it facilitated rapid
adoption in laboratory settings. Incorporation of

spectrally distinct fluorophores, Cy5.5 for HLA-

A*31:01 and Cy5 for TIMP1, further enhanced
its utility by enabling potential multiplexing
with FAM and HEX probes currently employed
in HLA-B75 assays. With further validation,
this approach could evolve into a single-tube
multiplex format, streamline pharmacogenetic
testing, reducing reagent costs, and increasing
throughput.

While high-resolution technologies
such as NGS and ONT deliver comprehensive
pharmacogenomic insights, their high cost and
technical complexity limit their practicality
for routine clinical use. In contrast, real-time
PCR offers a cost-effective and scalable solution,
making it particularly suitable for resource-
limited healthcare systems. However, this
study had some limitations, including the
relatively small number of HLA-A*31:01-positive
samples, reflecting the allele’s low frequency in
Thailand, and the use of pre-characterized
samples, which might inflate the perceived
performance of the assay. Expanding validation
efforts to include larger and more diverse
multi-ethnic cohorts will enhance the assay’s
generalizability, confirming its diagnostic
reliability and broad applicability across

different populations.

Conclusion

This study successfully developed and
validated a real-time PCR assay for HLA-
A*31:01 detection, demonstrating high specificity
and complete concordance with long-read
sequencing ONT results. The assay surpassed
the performance of the bead-based hybridization
by accurately distinguishing HLA-A*31:01 from
closely related alleles. Its robust amplification
across a broad range of DNA concentrations
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highlighted its practicality and efficiency
for pharmacogenetic screening. Integrating
this assay into clinical services, alongside
HILA-B*15:02/B75 testing, could significantly
enhance preemptive risk assessment for
carbamazepine-induced hypersensitivity. The
widespread adoption of this cost-effective and
rapid genotyping method could boost Thailand’s
pharmacovigilance infrastructure and advance
personalized medicine, ultimately improving

patient safety and public health outcomes.
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Assessment of Accredited Laboratories for
Pesticide Residue Screening in

Fresh Vegetables and Fruits Using

Simple Test Kits during 2020-2022

Wilawan Srisuka', Siriphan Saeng-aroon', Chuleeporn Chantharasena®,

and Patravee Soisangwan'

'Bureau of Laboratory Quality Standards, Department of Medical Sciences, Nonthaburi 11000, Thailand
’Regional Medical Sciences Center 8 Udon Thani, Department of Medical Sciences, Muang District,
Udon Thani 41330, Thailand

ABSTRACT Laboratory accreditation for pesticide residue screening in fresh vegetables and fruits is a
crucial standard for laboratories that utilize simple test kits. This study aims to analyze nonconformities
identified in assessment reports, evaluate the results of Proficiency Testing (PT) participation, compare
standards for pesticide residue testing systems in fresh vegetables and fruits (pesticide residue standards)
during the years 2020 and 2023 with the international standard ISO/IEC 17025:2017, and assess user
satisfaction with the developed information program for laboratory accreditation processes. The findings
indicated that the most common nonconformities were in the pesticide residue inspection system (25.9%)
and product quality control (18.1%). Among laboratories participating in the PT, 73.8% met the assessment
criteria, while 26.2% did not, primarily due to procedural errors by laboratory personnel. The updated
standard includes enhancements in internal quality control, confidentiality, and information management.
However, compared to ISO/IEC 17025:2017, it still lacks essential elements such as risk management and
nonconformity identification, which are fundamental to the quality management system. The developed
information system was successfully implemented, receiving an 80.9% satisfaction rating from both
laboratories and assessors. This system helps reduce workload, facilitates communication, shortens

processing time, systematically records data, and can be adapted for other accreditation standards.

Keywords: Laboratory accreditation, Testing of pesticide residues in fresh vegetables and fruits, Simple

pesticide residue test kit
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unanga damvuamuinasgu ISO/IEC 17025:2017 wasUfudnsaasiianuainsalunsiszinaaany
Tiwivauzasmsiadmiumsnenuwamsiansd mansnudmanyliuiveuiuidudmiumsimnsd
mimﬁ“ﬂmﬁ’uﬁﬁmﬁ’mgﬁmﬁaiﬁﬂimﬁummaammé’mﬁummgm msAnmilnmswieudisumsuszanue
amuliiwiuausadd 1dun 55 Bottom-up muuwmezas ISO GUM duiliizildlasmly wazdiimadanaasds
MU Top-down #p I5dlddayamamuauanmumelu wasdayannuamsdhsiumasauanuding
(PT) Tosiiiaqussasdiiodadanisiminsaniigadmiumsnanuilsznaunamsiansi Busndnumamy
wINMNZad ISO GUM awsuidd Inaanuuuima Top-down ‘[mﬂslﬁﬂ'aga QC Naﬂ’NNLL&i‘LALLa::ﬂ’J’]NLﬁENmﬂ Spiked
sample M1 28 fate Namadvdayalunulsziifunm 2 ¥ uaisilddayanamalsafiumamasouany
Frngy w33 daya Idnnmsidhan PT 3 sau sanwumenabiwiusuduinszenaiildannmadinm 3 35 laun
3% ISO GUM F5il#daye QC warisillédaye PT faflusasat 8.0, 31.7 war 32.4 muddy ilawFeuiisuiu
fanaspumuimhenussnhalsanamuuaiisesas 50 nuhmsmununaaaAilianisanhuasseandasiu
mmvue athalsimads ISO GUM lﬁ'ﬁwﬁﬁaﬂﬁqm LAEULANAININIZM NI Top-down 1Wdad3a Fadiend
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unin

anulsiwiuaureInIsin (Measurement
Uncertainty) umsiwasifiessatunamsia
FerausnansarnInsreYaemUs I aeEh
ania Taadlumsuaasdemasmnibnadiagss
og) o1 svduAMMEaRusxy 1T uasmaUszanae
anuliudusuzasmsiadunilaludammuamu
105311 ISO/IEC 17025:2017? Fammuali
navUfuanisaesianuansalunissaiue)
anubiwiuaudsenaunansnagaulunsaiae g
L Lﬁmﬂummﬁmmiwmgﬂﬁw wialunsdin
anuliuiuauiinafamMsNANTNANNFDAAGDINY
tnaimuuanianasnasgiu Wudu waluly
Nenuwamssauiisudasiimanulivivouiiag
Tumhednfuivisiiassylunsaudisas
Jagtiudiuumanistszainaanyliwivauuas
msvszanaaidindsluisnagaunarsds o
damwua ISO/IEC 17025:2017 lildszyeasly
wwanele waveslfudnisdevdanlduuanig
mqaﬁaﬁ'gmﬁaq (valid approaches) wWuINIg
ffinsuszanadanuliwiususdiauing
FUNALALYNABIAINTANIZINIT® AIRENUUINI
G199 WY weImMensUseanae ey liuluay
¢N ISO GUM™ %38 Bottom-up Approach
%38 Uncertainty Budget %38 Deconstructive
Approach waznmeamsyszanaemeanyliwivay
mﬂﬁmgaﬁlﬁmﬂ%ﬁwﬂaau (Analytical Method
Approach) %58 Top-down Approach (2 UWWINN
mstszanamanybivivaunndayalunszuiums
#5198 UANTFLalud5Tms1ed (Method
Validation Data Approach)®® wwinmamsuszana
manuliuiveunnismanaaauiiiiuiianiud
(well recognized test method)™ (¥uau

MeNzdmueiiiisnsasamsaganile
Ao Warmhmsiwnedfedaistusaisase
Taa@WIENMTIAERRTERUAININ (0.001-10
fiadnsudanlaniy) miienelalundazas

2 kNN Y umMAeNevtvazuLuy Within-
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38 Between-laboratories non3 wazluuaysenn
YBIMSNAFDUTRANNTLNZULAN TN NMSNAFDY
mMaaiiay mildnnmsienzisenauaneaiy
gadunnnhsagar 50 wannnazdumsiensd
Aszduaunuardeiiidasefidanansznudad
anulduiusuvarstads densUszanaans
laiuduaumuuuimeanasineneiland 219
Tionansoihaindszandldlunsdlilld Taisfidanada
eamuliwiveumanil laud anudluila@endu
2890619 msldeiasiiodnziuaisieney
Aaneetut? anuasiiuesa eIz (analyte)
UAaTlATEUINMSIATENAIBEN MSlEaIMazae
Tumsadafifiaaauiiuandedy anuudanizas
aeiiildanuazanvasgunsninaziaioaudn
anuiunse-1waues analyte idwwanaUszansmm
Moz tadefiefuammsaunau (Recovery)
aiilarhudunaude g wu ﬁgumauﬁﬂﬁ'ﬁqw%{
MssEmBdhazans Sunsumsien:imeLeiasiia
fivsm injection port ¥3au3LIa analytical
column HansznuanN Matrix Effect ‘ﬁtﬁﬂf\nﬂmﬁ
anarnuazualyl SidamansenudaUinaiienzyt
wazdiaiithsefishanathes fa dnemmuasinuzuas
Tndezinasmlilanamsienzdiuandeiy
FEmsmamnasinenmeildndaraliaansasiusv
Hasamannnd tiohanUszanamenbiwuauled
asutu Sellanusfluiidasinsanaanauilads
flannmsnaaaslimaaios 2 tasewdn laud
ANy (Bias) LLa:mwrﬁ'ﬂq (Precision) ﬁgqf‘z
wisUuamsazaansnandnswarasutadale
wu nslEisuasgivlumsiessd msldans
nasgIuBiaTagadeiuses ashalsiomuiiafimg
Ae51zuuy Multi-residue Method %ﬁtﬂumi
Iwngiansuanesiio mlimenaliuiueuding
imMsnsznadign® lumedjuduainsmurman
anuliuiusuresamseiudazyiia tiaUsznau
'51al\‘nul,wia::ﬂ%gwﬂ“ﬁnaﬂumssamwﬁa:gaﬁyugm
W szilasuaneriafigasailed wazudas
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@l neniun

nmnmBanziiwanetRdaadnsna
fneilaguden i
Turasiiusanalngbifitamuuamangring
Tunmssrenuaanuliviveuresnisieszv
asedilasnumiandagiizluaims udlussauana
WienUfianmseradewesananelsy (The European
Union Reference Laboratory for Pesticide
Residues, EURL) wuzihllgnmssneauaany
liwivaurasmaienzvisseiilasiumiadagivy
Toe'ld Default Value #3088z 50 2aemititazy
160 Tagfdaulad Recovery azdasiienlaiiu
2988z 20 §MSUNSEIN Recovery Rentiuniien
aananlveuialas Recovery Correct (100%/
%Recovery) laa@a1 Recovery ﬁﬁﬂmﬁfm’smfr
snsadenldnnmamagauaaldlazadisGudy
Aau1I5 lUld9u (initital validation) ?Tm;la
211N on-going validation W3aa1aNIAIN
Recovery Lﬁ'aLﬁumimm‘sgmaﬂuﬁmdw (spiked/
fortified sample) 114‘1;611?1& | Ala Mslde Default
Value #furamn 2 whuaseh Relative Standard
Deviation (RSD) ﬁlﬁmn Horwitz’s equation “7;
Teszwin 20-309% malagmsienziund®
waz@A RSD 1aa1nnssiusincansiesziain
Wavlfudanisia3adnevasanninglsl™® anne
fsmnsndanldailldwnsiidayadeinms
advayuuasiudannasdIniusznINmieny
muanmMenguInglFniumsdaduanusanades
fuemmnuanenguineivdrulvadaduaine
Maximum Residue Limit (MRL) %38@"
Default Limit 7} 0.01 faansuaanlansu Tunsd
laifidn MRL szyld udnsdifiasranwudiuna
figandil canuliuivaufiazosnuanddunn
duluuazlimanzaniazhlu1Fnu sadadldisms
Uszanaisauilaumaaunanuazazdosiinson
Wunsdlg T
Joguasasduasnasnideiiiadssfiuiz
Uszanadanuliwiveuiiminzauiige dmsu
MINenuRamMAeNeiaseiidasiumandngivy

Tudnuazualyl Taeduddivesufidnmsaanse
lldszgndlalunudszald msdnauazns
Uszanaaanuliuivaudasiie d201n570157
Tinanfesuddndlidaanugndaaddinms
wildsumssaniuluszdumnauazlimiiaumg
auraglunasizansu lagvnisuseuliiay
msUszanaemenylaiuiusu 335 laun msmums
MALLUNINNYN ISO GUM Fauhuunms Bottom-up
Approach uaz35mM LI Top-down Approach
235 laun m3lddaya Quality Control Tagldanu
wiuLarANNLTiEen Spiked Sample Tunulsea
nnmafudayaranavii wesisgarhe de mald
Payanan sUszdunNMINIINMINATIUANN
#ne (Proficiency Testing, PT) filaanmsghgas
UIY 3 50U

msmﬁuazmimmg"m

#151@d: acetonitrile, HPLC grade (Merck,
USA), acetone, AR grade (RCI Labscan, USA)
n-hexane, Pesticide grade (Burdick & Jackson,
USA), ethyl acetate, HPLC grade (Burdick &
Jackson, Korea), QUEChERS Extraction Packet,
EN Method Part No: 5982-7650 (Usznaumie
MgSO, 4 n5%, NaCl 1 n3u, sodium citrate
dehydrate 1 N33 wae disodium hydrogen citrate
sesquihydrate 0.5 n3%) waz Dispersive SPE EN
method (Usznauaas MgSO, 900 §adnsu, PSA
50 §8aN3Y, Waz graphite carbon black (GCB) 50
Haansu) (Agilent Technologies, USA), DI water
(Type I, resistivity > 18 mQ.cm, D-sorbitol AR,
purity > 98%

93195371 Ta0819895U509 (Certified
Reference Material: CRM) (CPAChem, France)
ANNENEU 100 lulasnSunaiiaaans (with trace-
ability) Wi 132 wile Usznauds

mimmgmﬁ%mswzﬂﬂﬂLﬂ%}m GC-MS/MS
106 %10 lawn 4,4'-DDD (p,p'-TDE), 4,4'-DDE
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(p,p'-DDE), 4,4'-DDT (p,p’-DDT), acephate,
alachlor, aldrin, ametryn, azinphos-ethyl,
azinphos-methyl, BHC-alpha (alpha-HCH),
BHC-beta (beta-HCH), BHC-delta (delta-
HCH),BHC-gamma (gamma-HCH), bifenazate,
bifenthrin, bromophos-ethyl, bromopropylate,
buprofezin, butachlor, cadusafos, chlordane-
alpha, chlordane-oxy, chlordane-gamma,
chlorfenapyr, chlorfenvinphos, chlorobenzilate,
chloroneb, chlorothalonil, chlorpropham,
chlorpyrifos, chlorpyrifosmethyl, cyanophos,
cyfluthrin, cypermethrin, DCPA (Dacthal),
DEET, deltamethrin, demeton-s-methyl,
diazinon, dichlorvos, dicofol, dicrotophos, dieldrin,
dimethoate, dioxathion, disulfoton, ditalimfos,
endosulfan sulfate, endosulfan-alpha,
endosulfan-beta, endrin, EPN, ethion, ethoprofos,
etrimfos, fenchlorphos, fenitrothion, fenpropathrin,
fenthion, fenvalerate, fipronil, folpet, fosthiazate,
heptachlor, heptachlor epoxide-cis, heptachlor
epoxide-trans, heptenophos, hexachloroben-
zene, isofenphos, isoxathion, lambda-cyhalo-
thrin, malathion, methacrifos, methamidophos,
methidathion, methoxychlor, metribuzin,
mevinphos, naled, parathion, parathion-methyl,
permethrin, phorate, phosalone, phosmet,
phosphamidon, picoxystrobin, pirimiphos-ethyl,
pirimiphos-methyl, profenofos, propachlor,
propargite, propetamphos, prothiofos, quinal-
phos, quintozene, tecnazene, terbacil, terbufos,
tetrachlorvinphos, tetradifon, thiometon, tolyl-
fluanid, triadimefon, triazophos wa¢ trifluralin

msmmgmﬁ’imswﬂﬂﬂLﬂ'%lm LC-MS/
MS 26 ##ia loun aldicarb, atrazine, bendiocarb,
bromacil, carbary, carbendazim, carbofuran-
3-hydroxy, carbofuran, carboxin, fenobucarb,
hexazinone, isoprocarb, metalaxyl, methiocarb,

methomyl, metolachlor, monocrotophos,
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omethoate, oxamyl, phenthoate, pyrimethanil,
simazine, tebufenpyrad, thiabendazole,
thiophanate-methyl wae tolclofos-methyl
MILATINEITAZNININTFIU: HaNFITATNE
WA951U stock standard solution ANNLANTU 100
TalasnSudafiaaans lu acetone tivalile inter-
mediate standard solution AN 10 lulasn5HN
falaaans 1 volumetric flask 2110 10 J83303
fudnmiiaamgfiannd -18°C faumslday
1392 intermediate standard solution @@
acetone M3083aRANNAIBEN LB working
standard solution %WNANNEWNTY 0.005, 0.01,
0.02, 0.05, 0.1, 0.25 WAz 0.5 WlATASNABNAAANT
@nd1sazane D-sorbitol 3% Usine 3 lulasans
Tuansazae 1 Hadans hlAwnzinuivseaanse
Rudnwniigamgiionnd -18°C laidu 1 o

Lﬂ%‘mﬁauaz@;ﬂniiﬁ
winenaluiiainazidee 0.001 n3u
(LC 6208, Sartorius, Germany) W&z 0.01 Fadn3y
(MC 2108, Sartorius, Germany) Lﬂ%mizmﬂ
dsaranauuy Heating Box wazldudalulasiau
Tunisszwedrsana (REACTI-THERM 111
#TS-18824, Thermo scientific, USA) w3nsuaiiy
91%195 (RONIC, Poland) Lﬂ%}awa}luﬂumau
dsazans (Vortex-2 Genie, Scientific Industries,
USA) micropipette 2116 2-20 lulasans 2
20-200 lulA5A0T WaLYIA 100-1,000 lulAANS
(Eppendorf, Germany) amber vial 2116 4 833613
centrifuge tube YA 50 NaFANT LLAZ 15 NOAANT
Jurudanmumgiionni -18°C certified volumetric
flask \A3asuianafiada@s acetone 2 A9 WAy
n-hexane 2 a34 waialiuedaurianlsnu
tA399 GC-MS/MS: (7890B, TQ7000C Triple
Quadrupole MS/MS, Agilent Technology, USA)
Lﬂ%m LC-MS/MS (1260 Series, AB Sciex API
5500 QTRAP Sciex, Agilent Technology, USA)
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@l neniun

MadEnuLazHa sl

fhatheiinuazwalsl Wahuimhsnieneians
SANTE/11312/2021%" wially 2 Uszan laun
1) High water content w8z 2) High acid and
high-water content wazldmageannanulsean
ifigfiadageiivanvaeasauagunnngudos
NEazBacai

High water content,; ﬂéuwalﬁﬂﬂﬂgﬂu’iaﬁ
aan (pome fruit) 14 apple, mjuwalﬁm (stone
fruit) 14 cherry, mju ualafau 914 mango, ﬂﬁjuﬁ‘zi
Tuiaeatdien (allium) 19 garlic, naNrnUssLanue
wazaNdua (fruiting vegetables/cucurbit) 14
tomato, ﬂijnﬁm\ﬁﬂw&i‘mﬁ (brassica) 1% cabbage,
nawinluwazayulnsluaa (leafy vegetable and
fresh herb) 1% lettuce, ﬂéuﬁﬂﬁﬁﬁu (stem and
stalk vegetable) 1# celery, nguitsasznamiuaa
(fresh legume) 1% bean, ﬂa; NH0Fe (fresh fungi)
1##0 champignon LLaxﬂfch WN¥ (root and tuber)
14 carrot {udunu

High acid and high-water content; ﬂeju
citrus 1% lemon nguwalinadnuaziuass (small
fruit and berry) 1% strawberry was grape (s
Ny

maeneiasaiidlasnumindagiiy

1435 Modified QuEChERS In-house
Method Based on BS EN 15662:2018"* ({1
PNLAUUY Multi-residue Method Tﬂﬂ%’qé’l’aashq
fnuazwalinunazidon 10.0 N3y asly centrifuge
tube 2110 50 NadaNI LGN acetonitrile 10 NAddNT
weneeia 1 Wi W SHEN extraction Packet,
EN Method (EN 15662) wadwenliennuaieiia
an 1w ﬁﬂﬂmumﬁlmﬁmmﬁﬁau 4,000 RPM
flunan 5 1t fretheaziansiendu wisansana
dlasuuuilddly 2 dwu dmSuanadwnsd
silauazUSnamsailaanumindagiganmeee
eaila GC-MS/MS waz LC-MS/MS

m‘ﬁmesﬁmimﬁﬂaaﬁuﬁﬁmﬁmgﬁwﬁmm’%iaﬂ
GC-MS/MS

asanadud 1 Juemsazans 3 §9aans
s 1Wu3qniee Dispersive SPE fimanzan
mﬂﬂ?umgum'ifmﬁﬂﬂ%v’ﬁmmL‘fnsau 4,000 RPM
Wuna 5 i Yuesmsazaremuuy 2 adans
sunauiamandalulosau warusuusinasitu
1 199805 MFITaLUNENILWIN n-hexane:
ethyl acetate 3:1 L@na5azae 3% D-sorbitol
Usu1as 3 lulasdns ihluasiaieszvinaiia
wazU3nadaeisciis GC-MS/MS ssmaila
Matrix-Matched Calibration Curve log/l% column:
DB-5MS 30 m, 0.25 mm id, 0.25 um film thickness
(Agilent Technology, USA) flanmeinsaedail du
injector Hlu ALS, pulsed splitless mode, initial
temperature 80°C hold 0.1 min, 300°C to 300°C
cryogenic temperature 50°C & injection volume
Hlu 4 Tulasdas oven temperature program Hlu
initial 70°C hold 1 min, rate 50°C/min to 150°C,
rate 6°C/min to 200°C, rate 16°C/min to 280°C
hold 8.5 min, rate 50°C/min to final 300°C
hold 0.5 min wag post-run at 70 °C TFaluns
Ienziuszanas 30 17 14 ion source temperature
280°C, quadrupole temperature MS1 taz MS2
o 180°C, mode constant pressure “7; 15.8 psi
LLaziﬁTﬂiLLﬂsuﬂauquLﬂéaqﬁaiﬁmi chlorpyrifos
i RT aefl 12.020.1 Wit ssaulailahgiaios
GC-MS/MS azgniliuanaaiiulszqloslduna
He {lu quench gas waz N, (U collision gas ‘ﬁ 1
198036211 LArgNATIAINGNE multiple reaction
monitoring, MRM mode TaensInLyia e
ww3asile 5 LOD = 0.005 fiaansudanlaniy uas

LOQ = 0.01 #adnsuaanlansy

a P Py v o @ W AN v =
MeNzhdseilasnunInaagingnatnIag
LC-MS/MS

%) 1 d' a\ 1
dsanadiun 2 Yulearsazaredrula 1

§03ans 1dlu Dispersive SPE 1 1 wHi 201y
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mgumfi'm*?imml,%aiau 4,000 RPM ({luna 5 il
ustwaasaraediulaadly micro-spin filters
0.2 um %i® nylon mnﬁgumgumfimﬁnﬂ%gq W
ssarmnaaiuld inluiwnevisiiauazuSinaansiai
Yasnumindangiizananmemaiin LC-MS/MS
Inszviaranaiia Procedural Calibration
Curve (A8 LC-MS/MS 14 column: Synergi
TM 2.5 um Fusion-PR 100 °A, 50x 2.0 mm
(Phenomesex, USA), mobile phase: 1M
NH,HCO,:MeOH:H,0, A 9871 5:95:900
o B §adu 5:900:5 Nanzie3aedail flow rate:

@1919% 1 Gradient profile: Agilent 1260 Series

0.4 ml/min, injection volume: 2 pl, column
temperature: 40°C msusnansiluwuy gradient
ﬁﬁLLHC’]\ﬂH@WiWQﬁ 1 LLa%ﬁﬂﬂngﬂaﬁLﬂ%ﬂﬂ mass
spectrometer t{u ionization mode: ESI (turbo
spray), polarity: negative & positive, ion
spray voltage 5,000 wae -4,200 eV, scan type
MRM, temperature TEM 400°C, collision
gas, CAD: nitrogen; medium, curtain gas
(CUR): 30 psi, ion source gas (GS1): 60 psi,
ion source gas (GS2): 60 psi lagMsIasILH
fewaeaiia § LOD = 0.005 fiaansudanlanu
waz LOQ = 0.01 Hadnsuaanlansy

Time (min) flow rate (ml/min)

Mobile phase A Mobile phase B

0.0 0.4
1.0 0.4
12.0 0.4
16.0 0.4
16.1 0.4
25.0 0.4

100 0
100 0
0 100
0 100
100 0
100 0

mMsuszanaaaylitivaurainsia
Bmsuszanaeanuliwlivuauesnsio
amsumsienziasiaiilasnumiadagizlucn
wazna laild 2 wwamevan wiseaniiiu 3 des
w1IN9 Bottom-up lagdd ISO GUM
3% 1S0 GUM #iiliizilasuenuilewnths
nheans fisduuumsdnadenulivivaui
Famuduaauiunau dusadlumnd 1 Sunnza
AT nelmindlifidayennmatssiugamm
WAENITAIVANAMAIWBENLNEIWBUAELNIIZTN
wnsilgnwannananmaiameilang udthin
Uszgndldluanans EURACHEM #wiaaufiams
figaemswannisnasaviulul Wasljddnig
sansalduuamaiilunisinsanuazasivasy
wImemMswannnUSnamenulduiuauuas
uaazuvasla loglutagiudeslfiamsitansd
maafitlastumiadasizddvallaigmsd
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smSutunaumsUszanamanylawivey
209M5301ae3s ISO GUM (unnsunaui 1
miizqéqﬁ'ﬁmmammaauw%aumj'm NI
WNiieasee q MAsTastulSinaiiaeensie
iy enagudy gamgdl Usines meil @euges
WIDFUMIMIANUIUHIMIIUATIEA BHHUMNWUFTA
dunaunsiassd sudsssyiaiesiiouas
1981035 Fuasud 2 s::ql,maiqﬁ'mﬂm
annliutduay SIusINuMainfinadansia

ANTUNNBNEIN ] TuFNNITNSAIUIN LATBNND

[
~

e Uadea1nyaaing ANuUaN@INTEnIN
Hnagau anueudslumssiua anweasn
NMMInaday NMIgumed NMsEILasNITanNe
et anutlutiiadeniy anuaizasiag
AAMNEMIAUSNENAIBENN S15suNMUNNLIadaLN
= < vV
M3LAIBNANNINTFY NN UFUNTUDINTIN
=1 v
sy matdanlaluealumsasnnninesgiu
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matlaaunaion anuulslsuanmsmen
anuidigauu danguuaziinsanssdisznousas
annliwlduay MunugimelsUsznau (Cause
and Effect Analysis by Fishbone Diagram)
dumauil 3 srysaudasasdisznau Tasanaan
NNUWANEe Y 1@y Nndoyaiiiiag Specification/
Certification :MNM NN 13U Method validation
NIINNIATFIU BYaNITUTEAUANAINLAZAIN
Uszaumael laszydeney Tdudr Sadsue

yosuaazasalsznauliiluaianuliviusu
10337 (Standard Uncertainty) Lﬂﬁ'ﬂuﬂ'wmm
Tdwiduaumnassruduaranubivduouinasgiu
dunns (Relative Standard Uncertainty)
sunaud 4 imenuliwiusuildnanudas
avAUsznavINeNNANY LU UINATTIUTIN
(Combined Standard Uncertainty) wai@uio
manulitiuauasg (Expanded Standard

Uncertainty)"® tNa5189IUH GULFAS UMW 1

s N
Step 1 : Specification
\ l J
' N
Step 2 : Identify Uncertainty Sources
\ l J
s N
»  Step 3a : Quantify Uncertainty Component
\ l J
f
Re-evaluate o
Step 3b : Convert to Standard Deviation
the significant \
components - l
Step 4 : Combine the Uncertainties
\
Yes Do the significant No

components

A

»  Report

need re-evaluating?

2NN 1 AszuUMIUszInaem NN LR UMNLINNIBNS ISO GUM

uuIn14 Top-down lasid Intra-
laboratory QC Data

msuszanamanylauiuauzasmsiaau
wnmsitlumslddayannnszuiumsasiaday
R R L B R E I R R R R IR R ER N R
v ﬂq va (17) ] ada o o VL v
Woulfuanis"” enuudureisitazvaiala

PNNANIINAFOUNNWANUJUANITNEINAUNTD

nnmeluiasdfudmsider mseumuaIINgeg
avAUsznavrasmanuliuiuauinnndayans
Usziuagaumwyaaieljuianisnienismivau
aammmely fa ednideuvunasguannms
NA&adU Intermediate Precision @1 Bias 784
NsANUMSI0 Wazdayadu 4 Mfedos i madnn

Ruggedness/Robustness wmMatdunumed
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Estimation of Measurement Uncertainty in Pesticide Residues in Vegetables and Fruits

Weerawut Wittayanan

Ufudlahe eldneligs uasdssandlaazann e
wWisuiisunuds IS0 GUM lunmsdnwiilddaya
mMsmuaNaamMNMeluraial Judnsiwanz
= Y (-7 o (-7 -7 = 1]
aseiilasiumandagiis Tumsmasgauanuuaiy
UaZAMNLNENBNIB laaMSLANTTNAIFIUNITAU
0.05 Naansneanlansn Turnuazualyaasiany
' a PR . =
luusazgamsiaazy 1 data point 28 90 tudaya
Tuz9naAIe N 3 FINAN W.A. 2565 B9 IUN 11
SUNAN W.A. 2567 uanhdayamUszanaia lagade

wanm3s SANTE/11312/2021 (V2) Appendix C.

uIn Top-down 1as3d Proficiency
Testing Data

Siiuuuansiildnndayanisdsu
managauaMNEny Faianuliuiveuiisnnso
8NBIINNaNY U JUaNT"® Taansihaiany
HOWAALEITT U Ad Bias Wazmanuianmaizagu
fa addssvuinesguildnnmsnageu
Repeatability Waz Reproducibility anWansanmen
anubiwdususn ue lithnegasdaeuaimnasnny
hiwiuaudesn@a ilasnniimsayanuhldansu
Budh Faiasaniumslamniiunumsnasauany
NYeENUIEEN l08RINTBUARNTNMTIAUE
onfingatha (Matrix) %quwumaaummﬁmﬁy
malwnsiaseiiflasnumiadagiigludnuazealal
Whuusuiiinsiaegeaniaue asauaqusiiouas
Usinansifigaantiavanvansludladosheiiiu
Funuzangusaesld uannnilanaiinsldaums
2939 Horwitz’s equation émsumstszanauanany
Tiwdueulumsnagauiiianuvainvaiszasany
wndunnidumslddayannuaraieslfudions
dwmdumsmmnaluadsillitayamsuhiumasau

ANNTINQBIBNUHTRMS Nurihenu FAPAS®
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3 58U laun FAPAS® 19366 beetroot puree,
FAPAS® 19341 peas with pods puree oz FAPAS®
19313 cucumber puree laglEnanIsI@NLHVDI
viea§UAms (), mvue (assigned value, Xpp),
Standard Deviation for Proficiency Assessment
(Opt)s snumamenzinehanluudaznems
(No.) & data points SIMNaEY 33 Faya umsuszanm
aranuliwiuauiaieienunainnatsnas

analyte luntinalag9Nuanaeny

We

sUszaNaAIAM LN LK UYBINTIAUUINI
Bottom-up m#ia ISO GUM
UszanamanaliwiuaulasEuaniiansen
FunaunsNagaU ‘[man”mummugﬁﬂgumauﬁﬁ
AL MsessuMRENEINSUIRIERasIaN
Yasumiadagizludnuazualyl 6835 QUECh-
ERS ES BN 15662:2018 tnatia GC-MS/MS uaz
LC-MS/MS dauaaslumwit 2 mnsummuaaeiay
#5799 (measurand) WudSinaanseiitlasiuman
Angity (pesticides) tdanans chlorpyrifos Aoy
Tudragrainuaznalsl areteins GC-MS/MS
mhely Jadnsuaanlansy (mg/kg) AuIn
Usanasnsiinsiada Tagldenanaududu (C,) ey
1#a1n Calibration Curve %@ Matrix matched
ﬁa%wmnmmé’uﬁ'uéswdw Concentration NU
Peak area W@az#umauUraINsIATIENEINIGA
seyuvasiianzasmanubiwiuou hanagiily
Cause and Effect Diagram é’mamﬂumwﬁ 3
msminamanyliuivauzaiunazesrlsenau
MBENNMIIATIEVENS chlorpyrifos Tuenuazaa L

NSLAUANUTNTY 0.05 mg/kg AIULTAN UM TINT 2



mstszanamanyliwivewasmsliensiansandluinuasua i AT Inentiun
79AIDEN 10.0 £ 0.1 g
aNmAI8 acetonitrile 10 mL
J solution of 122 pesticides 100 pg/mL in
(i3 QUEChERS Extract Pouch acetone (ampoule No. 1-6), Stock 1
EN Method 2287 1 min, Centrifuge d
\lx Pipette 1 mL of ampoule No. 1-6 in 10 mL
Uue sample solutionm ~3 mL volumetric flask, 10 ug/mL, Stock 2

\ \

Cleanup @ Dispersive solid phase

Pipette 0.1 mL of Stock 2 + 0.9 mL

extraction (21 1 min, Centrifuge of matrix, 1 pg/mL, Stock 3

Ute sample solution 2 mL Pipette Stock 3: 5, 10, 20, 50, 100, 250,

0 500 uL + 995, 990, 980, 950, 900, 750,

500 uL of matrix solution, + 3 pL. d-sorbitol

J
n-hexane:ethyl acetate 3:1 1 mL
\L GC-MS/MS calibration curve

(0.005, 0.010, 0.020, 0.050, 0.100, 0.250,
0.500 ug/mL)

v QJ a v
szvgui Usudsues ey

Ieeviale GC-MS/MS

ENUND (mg/kg)

Muil 2 Flow diagram udasduaaunisitassiasiaiilasnumiadagigludnuazualiaisds
QuEChERS
Standard concentration
Bias Go Temperature
Purity
Dilution
Recovery Calculation curve

N \ Calibration : \
" " Mass Calibration
p Pesticide (Cs) mg/kg

Calibration
—> Repeatability
_—>
Temperature
_—

Sample weight Final volume Method precision

Uncertainty mass-method

X

Calibration

Mass (gross+tare)

M 3 unugiinnelal Cause and Effect Diagram uaasunasfisnzasanalaiuivaumsianzd srsei
Yasfiumindagiigludnuasnalidigis QUEChERS
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Estimation of Measurement Uncertainty in Pesticide Residues in Vegetables and Fruits Weerawut Wittayanan

mMai 2 wanIseuIamIAIeN laduiuaunIasgIusIn (Calculation of Combined Standard
Uncertainty) msdeansviaseiilasnumiadagialuinuazualicheid QuEChERS

Standard Relative Standard

Component Value, x Uncertainty Divisor Uncertainty, Uncertainty,
U u(x) u(x)/x

Sample weight
- weight variation 10g 0.l1g V3 0.05774 g 0.005770
- tare 10g 0.003 g 2 0.00150 g 0.000150
- gross 10g 0.003 g 2 0.00150 g 0.000150
Combined Standard 0.005777
Uncertainty
Sample taken
- calibration (pipette) 10 ml 0.0015 ml 2 0.00075 ml 0.000075
- temperature (pipette) 10 ml 0.04 ml V3 0.02309 ml 0.002309
- calibration (pipette) 2 ml 0.001 ml 2 0.00050 ml 0.000250
- temperature (pipette) 2 ml 0.04 ml V3 0.02309 ml 0.011545
Combined Standard 0.011777
Uncertainty
Final volume
- calibration (pipette) 1 ml 0.001 ml 2 0.00050 ml 0.000500
- temperature (pipette) 1 ml 0.004 ml V3 0.00231 ml 0.002309
Combined Standard 0.002363
Uncertainty
C, 100 pg/ml 0.0072 pug/ml 1 0.0072 pg/ml 0.000072
Conc. of standard
1. Stock standard
purity 100.32 pg/ml 1.14 pg/ml V3 0.65818 pug/ml 0.00656
2. Working standard
Dilution
-calibration (pipette) 1ml 0.005 ml 2 0.00250 ml 0.00250
-temperature (pipette) 1 ml 0.005 ml V3 0.00289 ml 0.00289
-calibration (flask) 10 ml 0.04 ml Ve 0.01633 ml 0.00163
-temperature (flask) 10 ml 0.05 ml V3 0.02887 ml 0.00289
-calibration (pipette) 0.1 ml 0.000425 ml 2 0.00021 ml 0.00213
-temperature (pipette) 0.1 ml 0.0005 ml V3 0.00029 ml 0.00289
-calibration (pipette) 0.9 ml 0.005 ml 2 0.00250 ml 0.00278
-temperature (pipette 0.9 ml 0.0045 ml V3 0.00260 ml 0.00297
Combined Standard 0.00988
Uncertainty
Method precision
- Repeatability 0.1 mg/kg 0.00320 mg/kg 1 0.00320 mg/kg 0.032000
Bias 119.6% 2.65% V24 0.54093% 0.004523
- Recovery

Combined Relative Standard Uncertainty u (X)/X 0.036328
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@l neniun

N15SAIUIUNIAIAIIN LE LU UYEN Y
(Expanded Uncertainty) 7ne3197 2 wueh
Combined Relative Standard Uncertainty
(u,(X)/X) fedu 0.036 lunsaimehansranuans
chlorpyrifos U31at 0.05 mg/kg laa u(x) =
0.036 X 0.05 = 0.002 mg/kg MNVUVEHAIN
Tiwduauanasgiudranisgualaadl Coverage
factor, k ﬁssé’ummﬁaﬁu 95% Expanded
Uncertainty at Confidence Interval (C.1.) 95%
(k=2) azl@ U(x) = 2x0.002 = 0.004 mg/kg
dmsurunaumsnenumanyliuivey Mot
MINBNUNINMINTINATIENA 15U WU chlorpyrifos
0.0540.004 mg/kg (AszduanuBaiulszanm
95%, k = 2) Taaenanuliuiveufinanuimandiy
Saeay 8

mMsUszanamanaliuiuaureansinns
Ju@5zas chlorpyrifos lusnuazaalsl muwndi
2849 ISO GUM nudadiuamanyliwivaunnumnas
amuliwiveuiidaadausinaas chlorpyrifos 7

Wuaedusznauvan 3 aedUsznau Seannannly
1pe lown Method precision (48.2%) Sample
taken (17.7%) waz Standard concentration
(14.9%) dussdlsznaudu g wu Sample weight
(8.7%) Bias (6.8%) Final volume (3.6%) was
C, (0.1%) dadludadiuisenniosas 10 ALaAY
Tunwil 4 TestnasianuaumaauHaEaImANY
Taiuduaussnsonasanls 2 nsd leun nsdin 1
faalimiiasnin 2 X SD lag Predicted SD laan
Horwitz Equation Modified by Thompson"?
ija Concentration Ratio<120 pg/kg lﬁ'qm
SD = 0.22XC ija C @@ Concentration Ratio
FADIMININU NIBINAU 2 X 22 = 449 SaN5EH
2 %@ Default Expanded Measurement Uncer-
tainty 289 SANTE/11312/2021 (V2) fitwual$h
Wi 50 dlaimsannuheenylauduauzens
fiszeuanuidaaiui 959 fienisaninasiansun
2 A58 wameNMsUszanamenyliuluauainam
PR HE I HIAR

Final volume,

Bias, 6.8%

Sample weight,
8.7%

Standard conc.,
14.9%

Sample taken,
17.7%

€0, 0.1%

Method
recision, 48.2%

d' [ 1 o U 1 1 a I3 . LY v
MWD 4 ded U UsEnauwnaIn N i ud uauraInIsIAIeWa1s chlorpyrifos Turnuazualsl

TaeAs ISO GUM

asuszanaaInalaiuiuauEaInISILKINIG
Top-down lagl% Intra-laboratory QC data

msuszanamanyliuiuaureinsiaisi
ANsanNndaygamienzimeludaslfudnng
lughuwad Bias uaz Precision aedafludadiui

o o A <& Vo ]

adaige Tesmluwunieannnnn 1 lu 3 wes

AmanylyLUupUNING aelsAmuNINYaIANY
[ ] d' U 41' v [~

Tsiwduaunoramnnurasdu g wu enyludly

WBLAENNUAIAIBEN WarANN LY UIINES

Wespunldienziasgniiansaninunaenadil
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Estimation of Measurement Uncertainty in Pesticide Residues in Vegetables and Fruits

Weerawut Wittayanan

Tagnaulilumsiensiua Tunllasinsanmns
@1 Bias w8z Precision (i aanuliwivaun
mmald nmseengenliuiveuinasgiu

MM IAMIBAIAIN Coverage Factor, k Nszau

U’

=k Xu’

ANNENU 95% Expanded Uncertainty at C.I.
95% (k = 2) a9aumsn 1 lesdanwal () vanade
1 n n d‘ W v =~ \ d‘ =

e liwiuaungnaauladlivmasuvasianuies

= . . . v &
2 WY A Bias tkae Precision (MUY

duNsN 1

u’ = \/u'(bias)2 + u’ (precision)’

- ,
N u =

Py
JuNIIN 2

measurement uncertainty

u’ (bias) = Uncertainty Component a1n Bias

u’ (precision) = Uncertainty Component 270 Precision

Toamilutiy u” (bias) azeuranlasly
Uncertainty 31n389819893U589 (Certified
Reference Material; CRM) wai luvnaufiaiaah
(flu CRM ## Analyte was Matrix @59nu2aUne
Naaan1sUszriaaaN it uauaaInIsIn/
mstenziasaiilasnumiadagigludnuas

9/3 v a vYa ] o £ d"
Ha Ly Wesdfudnslisansodamla diasan
< L4 ] W Y a v dl’ Q'l
Wudannevasudolumslienuzaiussasiom
L% £ -:4' < ] o v o (=]
Aanuemzaviagfiiluzasaanindads mlwlid
Tagandesusasivhelurissnananasauaguans

paulanavinela aatiumsuszanaeany luuduay

(measured concentration-spiked concentration

M sia/mMaAensiasiaivasiumindagiy
asannsomlalaalddeya Bias uas Precision
nnmanadauanuldlavesisuazdayamsnuan
aamwely

mMsuszanaeanaliwivauraImsinan
Bias, u”(bias)

nsdin 1 lfinmsuSuud Recovery (Estimation
of the u”(bias) component without correction
for recovery) a1 lunsdin Expanded Uncer-
tainty 1@an71 50% Relative Bias amnalaan
JUMIN 3 Uz u’ (bias) mualdanaumsn 4

Relative Bias (%) =

(spiked concentration)

X 100% NN 3

u’ (bias)

e RMS’ (bias) =

/ RMS'(bias)*+u’ (Cref)*

gumsh 4

root mean square of the relative bias

\/ Y bias’ = V mean?,_+ SD.P},_

Population SD of the Relative Bias (§645 stdev.p lu Excel)
Uncertainty of the Spiked Concentration ti{afiantiaemnu/3auiiiau

fiu Bias way Precision 3N&@N1501180nNNGNATN 4 16 IWdD

- aunsi 5

n
mean,;,, = Mean of the Relative Bias
SD.Py,, =
u’ (Cref) =
ﬂ&lﬂ'ﬁ“?‘; 5
u, (blas) = \/ meanﬁias + SD'Pbias
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%

@l neniun

nsain 2 §mM3USuun Recovery (Estimation of the u’(bias) component with correction for

recovery) n3al Expanded Uncertainty 81031 509%

dNNISN 6

u’ (bias) = \/(L\/]IJTW) +u’ (Cref)’

o  RSDwR

n = Number of recovery tests

u’ (Cref)

Within-laboratory reproducibility of the recovery

Uncertainty of the spiked concentration tNai@muaavnlIauiaunu
y p

Bias 18z Precision &X15011000NNTNNITN 6 Lo ANVdaaNmsh 7

u’ (bias) = RSDrw dumMsh 7
it

msUszanaeanuliuiuaureInsinan Precision, u’ (precison)
Amnalennanmsn 8

u’ (precision) = RSD,w dunsh 8
(e RSD,w = Within-laboratory reproducibility

M5UsEIN UM ANN LN BIMTINTIN AMUINNFNMTN 9
dunsh 9

u’ = /mean’, + SD.P’

AsUszanaaauliuiuauzein1sie
MIIAEN chlorpyrifos Tuenuaznalsi Tag Intra-
laboratory QC data laganéiatndayansauan
Aamwmely (Internal Quality Control, IQC)
TagmInAdauAMNLIULELANNTREINMINAFTaY
spiked sample N5zAUANNINTY 0.05 mg/kg
Wi Recovery lumiindaathainuazwalsi

NANUNAINYAIBATBUAIUYN commodity AN

+ RSD?,

bias

GNLLE TUN 3 BINIAN W.A. 2565 D4 TUN 11 SUNAN
W.A. 2567 luudazgamsnaaay (batch) Usziriu
L g v A v v a wa a ¢ a

guthudayanlanniasd jUanmslumsienszriad
ANNLINIUBY chlorpyrifos ALY LaNMAILG

a <

0.041-0.058 mg/kg AALUU Recovery 82.0-116.0%
PMIUKINTUANEA (n) MNEU 28 Faya 1dpya

WU AUIUKD HILFA LU 3
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Estimation of Measurement Uncertainty in Pesticide Residues in Vegetables and Fruits

Weerawut Wittayanan

m57 3 FayanismiuanquIwaely (Intra-laboratory QC data) @1MSuNITAIUINAD

anubiuiuauraINTIAILH chlorpyrifos HnLazualiimeIs QueChERS (¢d)

Spiked at 0.05 mg/kg

Relative bias

n Date Vegetables and Measured (%)
fruits (mg/kg)

1 3 Aug 2022 Orange 0.046 -8
2 7 Sep 2022 Peas 0.053 6
3 4 Oct 2022 Garlic 0.050 0
4 23 Dec 2022 Cherry 0.056 12
5 20 Feb 2023 Mango 0.047 -6
6 5 May 2023 Beetroot 0.045 -10
7 19 Feb 2023 Water melon 0.058 16
8 7 Nov 2023 Brocceoli 0.044 -12
9 13 Nov 2023 Chinese broccoli 0.047 -6
10 16 Nov 2023 Mushroom 0.046 -8
11 1 Dec 2023 Banana 0.048 -4
12 5 Jan 2024 Cabbage 0.045 -10
13 18 Jan 2024 Agasta 0.055 10
14 29 Jan 2024 Stawberry 0.049 -2
15 6 Mar 2024 Potato 0.042 -16
16 29 ApI‘ 2024 Lettuce 0.042 -16
17 29 Apr 2024 Rose apple 0.052 4
18 25 Jun 2024 Spring onion 0.044 -12
19 15 Jul 2024 Shallot 0.046 -8
20 5 Aug 2024 Apple 0.050 0
21 11 Sep 2024 Durian 0.046 -8
22 22 Oct 2024 Peach 0.064 28
23 6 Nov 2024 Spinach 0.051 2
24 8 Nov 2024 Grapes 0.049 -2
25 26 Nov 2024 Apple 0.041 -18
26 11 Dec 2024 Celery 0.049 -2
27 11 Dec 2024 Grapes 0.041 -18
28 11 Dec 2024 Green pea 0.044 -12

n 28

mean 0.048 -3.57

SD Pbias (stdev.p) (%) 10.574

SD measured (mg/kg) (stdev.s) 0.005

RSDwR (%) 11.167

nsa 1 u’ (bias) (%) (Without correction recovery) 11.161

u’ (precision) = RSDwR (%) 11.167

u’combined (%) 15.789

U’ (Expanded MU) (%) (k = 2) 31.577

nsai 2 u’ (bias) (%) (With correction recovery) 2.110

u’ (precision) = RSDwR (%) 11.167

u’ combined (%) 11.365

U’ (Expanded MU) (%) (k = 2) 22.730
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Tumsmenuamenaliuiusy dasniinms
NIENUMVNHAINM INATDU QC IuﬁaQizﬂzLaawwﬁng
MW Expanded Standard Uncertainty flﬂ'ﬂéjﬂ
uagamniideaas 50 lunsdin 1 Jewaz 31.6 lu
ﬂﬁfﬁﬁlﬁﬁ Recovery correct mﬂﬁmimﬂﬂiﬂﬁ 2
Amurnlaedinis Recovery correct azvnlv
Expanded Standard Uncertainty fenenasifly
2a8az 22.7 iaasanlden Default Uncertainty
Value Myualag SANTE/11312/2021 ﬁﬁ"aﬂax 50
via 2 st aglunainnuaNaaNEe GaEeMs
FENURBNMTATIVILATIEA 1TU WU chlorpyrifos
0.05 mg/kg Expanded Uncertainty 31.6%
= 0.05 X 31.6/100 = 0.016 mg/kg 9918414

WU chlorpyrifos 0.05+0.016 mg/kg (152AUANN
Wanulseam 95%, k = 2)

mMsuszanaaInalaiuiuauaInIsIAULINIG
Top-down laeld PT Data
mMaeNziasaiiesnumiadagizuuy
Multi-residue Method fl#futiiadathadinuas
ualsl (Matrix) fivannvans msanuna MU 2asansle
ssnihoaasdlululidlevdadululamn isean
nadays Bias Ainseiu Matrix 19 mamume
anuliuluauzenadnnsald Within-laboratory
Reproducibility ‘[ﬂﬂﬁﬁaga Relative Standard
Deviation ¥#a1sansInfivdaya PT Faufly

Laboratory Bias Na1sannaumsi 10

u’ = v u (bias)*+ u' (RSDyr)*

=]
(¥\1D)] u

’

A
dunI1In 10

= Combined Standard Uncertainty

u” (RSDwR) = Within-laboratory Reproducibility

u’(bias) = Uncertainty Component Nanannisilauazenaissiuusasiasujuans

Tumswehdin PT

s3I u (RSD,g) anansnlddaya
Recovery ﬁlé'mﬂmsmuQuqmmw“lusmwn
W DaE R aUNgANTINGIINTIAVBINITILATIZY
uaﬂmnf:ua”aé’l’qmmsnﬁwﬁagamﬂmsmaaumw
Tl dwasisinimsaninldudazlddayaiiiany
isafaeAuly Tesdasldinudayaataias 31
?Taga 1“8%'@336 Relative Standard Deviation ¥
Usznaumsiansan lunsdiviesdjudnmsased
Yasnumandagiiy dinaamwiazanulasansy
219115 ASVINENENFATNTUNNE MMINAFDUANIN
uNUIN Recovery waziansin PT audngduiuas
250 %ile IeNilos GC-MS/MS 106 %ia usz
LC-MS/MS 144 #iio lagd5ideniu dmsudays
QC #iduanluszazenn mwuanamisaniuiisasas
70-120% 1@NLRAEEU 0.05 me/kg NaFaU

lu Matrix fivennnagmuziadiagaiinnzy
Tunudszan

u’ (bias) AIUIUIINAIINTINITOVUD
navduanslumsinsiumanedauanuiing
Taglddayainnuliveanit 1 daya® ildlums
M Tadayansiisiunadauanuinyiu
FAPAS® 3 s0u laun FAPAS® 19366 beetroot
puree, FAPAS® 19341 peas with pods puree, (8
FAPAS® 19313 cucumber puree i data point 24
Maaw 33 Taya uannnUSInmasiinanuudail
Fayafinnihudoslddmsumsmunn Idun Assigned
Value %38 Median mM3nssanaauadays luglaag
Robust Standard Deviation %38 Qn wazauIu
waslfidmsfinsnuliinumsiug dayauans

Tuensan 3
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Estimation of Measurement Uncertainty in Pesticide Residues in Vegetables and Fruits Weerawut Wittayanan

u’ (bias) Malannaumsin 11

\/ u’ (bias) = RMS; +u'(C.p)") guMIN 11

RMS’,.. = Root Mean Square of the Relative Bias, mwalannaumsi 12 ihdays QC

NAMINN 3 e 1es m = 33 Azle

RMS bias = _ /3 (bias’)” =/ 3406.61 = 10.16% AR 12
m 33

, o v v 1 v ° a o v a va
u’ (C..p) Mnalannmsitnsin PTvaigsay  wmsaganunamsieeiuassiasl juanisies
vy v A ° o o o ' v
Iﬂ‘c’lﬂ']il?fﬂ'] sum YN Qn $¥IINWEYINNYN 2 YN UIU WUIUMNNENINIAUAIY factor 1.25 ey ISO

v

HanFIeNsEnNenulesialfuamsinan 13528:2022% a9aNNIsN 13 uNUNIETDNHIIN

MINN 4
5 Qn
, 1/ 155.65 J
u’ (Cp) = %x 1.25 ==~ X 1.25 = 5.90% dNN19N 13

u’ (bias) = \/RMS’iias + 1 (C,p)’ =\/10.162+ 5.90° = 11.75%

Relative Standard Deviation (RSD) 284  anans19d 4 fiendlu 11.17% 69y u” (RSDwR)
% Recovery zasvasjuamsloslddoye QC 28 e Jslden 10.77%

u’'= \/u'(bias)2+u'(RSDwR)2 = \/11.752+ 11.17° = 16.2%
U =kxu’
U =2x16.2 = 32.4%

MINN 4 M ey llwdauresmIalagly PT Data

PT m Pesticides xi Xpt  Bias (Bias')® @n @n No- VNo. 2o
Round (mg/kg) (mg/kg) (%) ¢ O-p t) (ratio) Results VNo.
FAPAS 1 azinphos- 0.0756 0.0630  20.00  400.00 0.01390  22.06 10 3.162  6.977
19366 methyl
beetroot 2 azoxystrobin 0.0627 0.0630 -0.48 0.23 0.01390 22.06 12 3.464 6.369
puree 3 boscalid 0.0433 0.0360  20.28  411.19 0.00792  22.00 10 3.162 6.957

4 carbofuran 0.0248 0.0300 -17.33 300.44 0.00660 22.00 11 3.317 6.633
5 epoxiconazole 0.0915 0.0790  15.82  250.36 0.01740  22.03 11 3.317 6.641
6 ﬁpronil 0.0403 0.0411 -1.95 3.79 0.00904 22.00 11 3.317 6.632
7 phosphamidon  0.0393 0.0460 -14.57 212.15 0.01010 21.96 9 3.000 7.319
8 propoxur 0.0779 0.0754 3.32 10.99 0.01660 22.02 11 3.317 6.638
9 pyridaben 0.0623 0.0655  -4.89  23.87 0.01440 21.98 12 3.464 6.346
10 triﬂoxystrobin 0.1175 0.1100 6.82 46.49 0.02430 22.09 10 3.162 6.986
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msUszanameanuyliniuauasmsiengiasanama luanuazua la @l neniun
M51N 4 Msenameny liwivauresmsialeals PT Data (da)

PT m Pesticides Xi Xpt Bias', (Bias')’ Qn Qn No. /No. Qn
Round (mg/kg) (mg/kg) (%) Yo O-p t) (ratio) Results JNo.
FAPAS 11 cypermethrin 0.1200 0.1250 -4.00 16.00  0.02740  21.92 20 4.472 4.901
19341 12 diazion 0.0317 0.0344  -7.85  61.60 0.00756  21.98 22 4.690 4.685

peas with 13 etofenprox 0.0646 0.0744 -13.17 173.50 0.01640 22.04 21 4.583 4.810
pods puree 14 fenitrothion 0.0513 0.0506 1.38 1.91  0.01110 21.94 16 4.000 5.484
15 fenvalerate 0.1160 0.1120 3.57 12.76  0.02470  22.05 18 4.243 5.198
16 heptachlor 0.0603 0.0519 16.18 261.95 0.01160 22.35 16 4.000 5.588
17 methidathion 0.0577 0.0603 -4.31 18.59  0.01330 22.06 17 4.123 5.349
18 monocrotophos  0.0308 0.0273  12.82  164.37 0.00601  22.01 19 4.359 5.051
19 pyrimethanil 0.0481 0.0430  11.86  140.67 0.00945 21.98 22 4.690 4.685
20 triadimenol 0.1036 0.0951 8.94 79.89  0.02090  21.98 21 4.583 4.796
21 trifloxystrobin  0.0472 0.0420  12.38 153.29 0.00925  22.02 21 4.583 4.806
FAPAS 22 boscalid 0.1194 0.1190 0.34 0.11 0.02620  22.02 69 8.307 2.651
19313 23 buprofezin 0.1100 0.1260 -12.70 161.25 0.02740 21.75 69 8.307 2.618
cucumber 24 chlorpyrifos 0.0322 0.0309 4.21 17.70  0.00679  21.97 70 8.367 2.626
puree 25 endosulfan- 0.0171 0.0186  -8.06  65.04 0.00408 21.94 62 7.874 2.786
sulfate
26 fenhexamid 0.0735 0.0679 8.25 68.02  0.01490 21.94 64 8.000 2.743
27 fludloxonil 0.0718 0.0680 5.59 31.23  0.01500 22.06 65 8.062 2.736
28 flusilazole 0.0706 0.0662 6.65 44.18 0.01460  22.05 68 8.246 2.674
29 imazalil 0.0234 0.0220 6.36 40.50  0.00485  22.05 65 8.062 2.734
30 methamidophos 0.0632 0.0692 -8.67 75.18  0.01520  21.97 52 7.211 3.046
31 oxamyl 0.1222 0.1200 1.83 3.36  0.02630 21.92 64 8.000 2.740
32 profenofos 0.0378 0.0344 9.88 97.69  0.00757  22.01 68 8.246 2.669
33 quinalphos 0.0451 0.0419 7.64 58.33  0.00922  22.00 63 7.937 2.772
Y(bias ") = 3406.16 n
No of Resuits (m) = 33 2%_ B 195:65
\/ DI - 10.16 ZJQ_i
m % x1.25 = 5.90

Tumssrenumenuliwiuey asnniims
NIZNYHIYDIHANM TN TINMTNATDUANNT DY
Tuzgieszeziiamiaiaige vl Expanded
Uncertainty §fge (U’ = 32.4%) ¥aa1ne Default
Uncertainty Value mMyiualag SANTE /11312/2021
7 509 liwn wazganineilaannsdszunu
manuliuiueureInsinid ISO GUM wn ua

s Y o o Al!l!' Y e 1}
wuniimlnalAenuianlda QC Mg NmMsNany
KM INTIINATIEA 18U WU chlorpyrifos 0.05 mg/
kg Expanded Uncertainty 32.4% = 0.05x32.4/

= J .
100 =0.016 mg/kg WNENUN WU chlorpyrifos
4o 4 9
0.05+0.016 mg/kg (NIzauANN@NUUIZNIN
95%, k = 2)

diamvuaUSinaenugusuwasans chlor-
pyrifos andsluinuazualdiflufidasnonuiiy
0.05 mg/kg ANl wiveudiennaldannuuama
69 9 danaaslumsii 5 Tasuwnmamsiszanae
anwlaiwiuaulumsinmnesaiing s uwama laud
1) W N Bottom-up %38 ISO GUM, 2) uuIn
Top-down g% QC data uaz 3) wiann Top-down
laald PT data 1vi@) Expanded Uncertainty (U)
Fennalaiiandu 8.0, 31.7 sz 32.4% MuTEU
WathUsmnaenududuiitivue (0.05 mg/kg)
Ténnalasld Horwitz’s equation :naamsi 14
2zl¢ Expanded Uncertainty (U) gﬁqmlmﬁu
RSD (%) ii 33.29% waznly Horwitz’s equation
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modified Thompson @9a1N5N 15 WAz 16 d1WSU
ANUENTUBEAT 0.12 mg/kg 3¢le Expanded
Uncertainty (U) gagalaitiu RDS (%) 9 44.0%

aghalshonu Expanded Uncertainty (U) 4 5 n5a
NAU EsAiAiaENT default value wavavimwglsy
nmwualiiiu 509

RSD (%) = 2070510 duNn 14
RSD (%) = 0.02¢”** ({8 ¢ > 0.12 mg/kg gumsfi 15
RSD (%) = 0.22¢ i@ ¢ < 0.12 mg/kg FUMIT 16

5191 5 wamsUszanamanuldniueaurasmsiaas chlorpyrifos Tusinuaznalsiaasuaaziuuams

25 u(%) U(w) mmeuua (mg/kg)
Bottom-up approach, ISO GUM™ 4.0 8.0 0.05+0.004
Top-down approach, QC data”" 15.8 31.7 0.05+0.016
Top-down approach, PT data®" 16.2 32.4 0.05+0.016
Horwitz’s equation 16.6 33.2 0.05+0.017
Horwitz’s equation modified Thompson"? 22.0 44.0 0.05+0.022
SANTE/11312/2021 (V2) 25.0 50.0 0.05%+0.025

a 4
AU

annlsiwiuaureInIsin (Measurement
Uncertainty) &I “Nonnegative parameters”
fudasdeamsnszaadizasalsiaisald Tas
lnasatiuusniiszyunmemsUszanamanan
A8 Guide to the Expression of Uncertainty in
Measurement 58 GUM @afifiniila w.q. 2536
nasiarhiulasenusindastwireeazyn
NANNEWUIENU 17U The Bureau International des
Poids et Mesures (BIPM), International
Organization of Legal Metrology (OIML),
International Electrotechnical Commission
(IEC) udaz International Organization for
Standardization (ISO) afiumslegtinianduas
TFuuimesumasineneildnd (Huaiians

U

]
o Yo

MinamnmaNy luuluauraMIIandunsanuas

U
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@ k = 1.96 wiatiaanuazanin 1y k = 2 lums
M aaxnlull w.d. 2550 ey Eurolab
l@aantanas Technical Report 1/2007 52y
Jamslunsuszanamanuldwivawdiadsen
wmain leun Single Laboratory Validation
(including quality control), Interlaboratory

Comparisons ez External Quality Assessment
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Alternatives in Estimation of Measurement
Uncertainty in Analysis of Pesticide

Residues in Vegetables and Fruits

Weerawut Wittayanan

Bureau of Quality and Safety of Food, Department of Medical Sciences, Nonthaburi 11000, Thailand

ABSTRACT Itis arequirement under ISO/IEC 17025:2017 that laboratories can assess the measurement
uncertainty associated with analytical results. Estimating measurement uncertainty (MU) is necessary
in pesticide residue analysis to comply with relevant regulations. In this study, three calculation methods
in MU estimation were examined. The conventional bottom-up method for MU estimation using the ISO
GUM approach was compared with two alternative top-down methods, including the estimation of MU
based on intra-laboratory quality control (QC) data and proficiency testing (PT) data. The aim was to
determine the method of choice for the estimation of MU in routine reports. The first typical method of
MU by the ISO GUM was the conventional method. On the other hand, two alternative top-down methods
were used: one using the QC data of 28 spiked samples collected for two years, and the other using
the 3-round PT data collected from 33 data points. The results showed the relative expanded uncertainty
of the conventional ISO-GUM method and two alternative methods based on QC data and PT data
were 8.0, 31.7, and 32.4%, respectively. By comparing with the 50% default value used by international
regulatory authorities, all approaches met the requirements to demonstrate that the laboratory’s MU
did not exceed this value. However, the minimum value obtained from the ISO GUM was different
from the two alternative top-down methods, which were comparable. The top-down methods were more

appropriate and suitable alternatives for estimating measurement uncertainties.

Keywords: Pesticide residues, Vegetables and Fruits, Measurement Uncertainty, Top-down approach,

Bottom-up approach
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Cone Beam Computed Tomography: Benefits
and Cancer Risks in Digital Dentistry

Atapol Yongvikul"?, Wirapha Senarak’, and Sunya Ruangsitt'

! Department of Oral and Maxillofacial Surgery, Faculty of Dentistry, Bangkok Thonbui University,
Bangkok 10170, Thailand

? Department of Oral and Maxillofacial Surgery, Masterpiece Plastic Hospital, Bangkok 10300, Thailand
® Department of Ophthalmology, Sisaket General Hospital, Ministry of Public Health, Muang

District, Sisaket 33000, Thailand

ABSTRACT In the digital dentistry era, three-dimensional imaging for oral examination with Cone
Beam Computed Tomography (CBCT) has become widely adopted and is increasingly more affordable.
It has become one of the standard methods used for diagnostic, treatment, and follow-up purposes in
dentistry. However, if the use is not properly controlled and the potential risks of excessive or unnecessary
exposure are not understood, adverse effects on patients, particularly increasing the risk of cancer,
may occur. This literature aims to compile essential information, beginning with basic knowledge about
radiation and its effects on the body, methods of measuring radiation, together with principles of preventing
unnecessary radiation exposure while maintaining sufficient diagnostic purposes. The review adhered
to the 38 fundamental principles of radiation protection established by the International Commission on
Radiological Protection. Finally, it emphasizes the importance of explaining and acknowledging the minimal
but present risk of radiation-induced cancer from diagnostic procedures, and informed consent before

patients undergo radiation exposure.

Keywords: Cone Beam computer tomography, Diagnostic radiology, Digital dentistry, Head and neck cancer
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