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Abstract

Background: Herbal medicinal products are accepted in modern medicine circles as
alternatives that are increasingly being used to treat disease. It is important to control
the quality of raw materials to control the growth of germs in drug production, such as
by baking them with low heat at a temperature of 50 degrees Celsius and sending them
for irradiation before being sold, which takes time and costs. Therefore, large quantities
must be sent in order to cover the operating costs. However, it is found that currently
there are studies that use ozone to control the growth of germs in herbal products and
the food industry, but no studies have been found on turmeric. This research therefore
proposes a method for eliminating germs in herbs and increasing efficiency in the
production of herbal medicines with ozone as an alternative to producing standardized

Thai traditional medicines.
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Objectives: To study the process of germs eliminating by drying the traditional method,
we created a turmeric germs elimination device using ozone that does not affect the
important substances in the herb for Thai traditional medicine production and studied
to compare the amount of the important substance curcumin and the efficiency of germs
eliminating in the decontamination process by drying and using ozone.

Methods: Turmeric powder (200 g) was treated with ozone with a production capacity
of 60 ¢/h for a period of 120 minutes in a closed system. Samples of Turmeric powder
that was disinfected using ozone were analyzed for the amount of microorganisms
(FDA BAM online 2001 (Chapter 3)), yeasts and mold (FDA BAM online 2001 (Chapter 18)).
Thin -layer Chromatography was used to indicate the curcumin level with silica gel GF254
for stationary phase and Toluene: chloroform: ethanol (49:49:2) for mobile phase. The
curcumin level was investigated in normal light, UV 254 nm, UV 366 nm and Vanillin-
sulfuric acid test solution.

Results: Results show that the turmeric powder that has been eliminated by heat
treatment (conventional method) found that Microbial levels were at 4.3x102 CFU/g,
yeast and mold levels were at 1.4x102 CFU/g, respectively, while turmeric powder that
was treated with ozone for 120 minutes was found to have microbial levels at <250EAPC.
CFU/g, levels of yeast and mold were <10 CFU/g, respectively. The thin-layer chromatography
results were confirmed that ozone treatment in turmeric did not affect the curcumin level.

Conclusions: Ozone treatment is effective to eliminate germs in turmeric powder and
does not affect the important substance curcumin in turmeric that will be used in the
Thai traditional medicine production.

Keywords: sanitization machine, dried herb, ozone, turmeric
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msmdnwelaen1vinusunu Salmonella spp.

A18735 1SO 6579-1:2017/Amd 1:2020(F)*

lunquéiegnaiaaeingy wuitldaiuise

Ya v =

pdala AalunidedslalianudiAglu

¢ e

1% '

duvsenavvantevuleuludiundinlane
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Aerobic Plate Count #2835 FDA BAM
online 2001 (Chapter 3)"' nan1snAgay
wuin lushegnanguil 1 fogremunu waz
nawil 2 ngunaaes e Aerobic Plate Count
4.3x10* CFU/g hag <250 EAPC CFU/g
pwddu 11 luvaeiinanismadey Yeasts
wag Molds A28 FDA BAM online 2001
(Chapter 18)!" wun Tushegnangudl 1 fee
AIUAN UATNGLT 2 NguMAADY SlsAUveq
Yeasts wag Molds agjﬁ 1.4x10% CFU/g wag
<10 CFU/g mudndu dadulumasnasgiu

A o

AMUUA'S (Fap15719% 2)
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M19199 2 HaNFIATIEIUsEANSAIMNN SRR vesiiuklunguig kU UW LA lo LY

319N1INAEHU fnB8190 U

Anadnlalyu

AUIATFIY

4.3 x 10> CFU/g
<10 CFU/g

Aerobic Plate Count

Escherichia coli

Salmonella spp Not detected

Yeasts wag Molds 1.4 x 10° CFU/g

<250 EAPC CFU/g
<10 CFU/g

Not detected

<10 CFU/g

lainnin 5 x 10° CFU/g
lalwu Escherichia coli

Tu 1 n3u vise 1 Naddns
laiwu Salmonella spp.

Tu 25 n5u 3o 25 Naddns
lalunnin 5 x 10? CFU/g

=

2AUI19Na
1A TULABUAUINTIATIE AT

~ S & oY
WosanuliuDuayulwsiiuguildludiuney
Tugnraesisu NNaNISIASIEI Aerobic
Plate Count Lay Yeasts waz Molds WusInIN
1nsgruanulasniefiiualulsenie
NILNTIEITITUGY L399 LNAUNUINTFIU
AIMIUUTAVEUToAMAN YUz BUSUTAY

o

eysonunndmTUI SuNanS e ulng

g

NYUNLTYU LIITUALLDYA WIBIAUIT W.A.
2564 \flosanlelvuiiuszansnmgslunis
Mdmdeluszarnaiauninilewsoudiou
fumsidadeluiiouseizousieausey
535UIR NNHANTNARDITANUINVEURNAT]
H1UN1T0UMIElalgUNUINTEAUVDIRAUNTE
fismiseumemudou F9Seumenudey
fspAugauns 4.3x107 CFU/g Tunnusdiviiuns
frinunsmdadedelolsuisefugaunie
<250EAPC CFU/g 21nWanIsItASIZunNuIN
seiureaAurEdlunguiilasunsridaide
Freleleuiissiudevuidouanasszana
100 1N #OAAABINIDLANANIINUITEUDY
Torlak E! Feiinnsldlelaulunisidade
Salmonella waz microbial Tuaasn1luuwa
5289 Ouf SA? ilguilelaululdlunsdu

mstuitouvesdosiluayulwsmnuiia Fudu
msuanslidiuiaseansnmlunsidnde
Juidlousine q vuayulnsusiodloluy
yonantu atiunsiiiIunsousae
Tolouiinuiriisefuvesdaduavidosfiginin
Fousumudou Fiteusmemudou fsziu
fafuasidon 1.4x107 CFU/g Tuvaefluiiung
frunsiandeselelouiisesuiaduasidos
<10 CFU/g :nNanIsilasgiseauasiay
dos wuhseiuBaduasdon lunduiilésy
nsidnidedelelsuiissiudeuiiouanas
Uszane 100 WiNdenAaesiuNan1sIAITIZA
sefugAN3d Jauansliiiiudnnisllelou
ﬁﬂszaw%quﬂumiﬁﬁmL%Jal,ﬁam%mﬁsm
Fumsidadouuioulneldaudousin
FITUVIA
pgalsimuaniiinnan1simsiei
aansavenlanldiinansenuiusesu Curcumin
Tudhetheiiuns udfgmunsiasunlames
ansluviiuns Tnefitinnsifiutuwazanasves
1501961 Laedanalaainanuuueuaud
fidn1siasuntas 301514 Thin-layer
Chromatography hia']mimquéffham?ﬂ,ﬁm

nsildsundasmeansorlsiiegluviiung
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Hesanluduneunisiasizfladvinsly
Curcumin standard \igsvfiafendslyiansnse
inseansviadu q 18 dafufadesinms
FWeordeBniierinnisdumlaeldis High
performance liquid Chromatography wiovh
AFRIsimasildnsveluddneely

dlefansandsdesinvasnszuiuns
wuusaufnuITlugguvielunsdnlad
LausmasylsinalunssuumseuLa ity
warldannsofivzsivunld wazlunsdiidunn
solilpsdmalrlifuanunnuasimutuiniy
ilimnaguszneunmsdntudedddnszuiunis

1%
v A v [

fandamemusouildlihvieuiasssud
vlunisaudeaduetann venanii
faesmuauanudoulioglussauiianzan
fagludawansenusoansdrdaluayulng
FadlowFoudieutumsldloloy axiidelsivieu
I§unanunsamdndeluidouldlussozinan
Fduninszuiunsidadedeanudoui
wazausaaniunisianasaianlaglidl
HANTENUIMNGANTES denalvindnaiunse
ddsmsnanenasulnsldinntulaelaidema

nsgnusieansdfgylusayulng

dguna
msldnsyuaumsidaidoselolay
Tupiiunsiiuseavsnmlunisidmdeduiieu
figaniilussoznaiduniinszuaunistide
Houvusaiu TnsanunsoanUSinadeuuion
Tgszana 100 Wi Tnedilddwmanssnuse

USinauansafty Curcumin dney UenINTIU

nszvIunshindedeleleu aunsonugu
Jadednuggna way szezaailunsidnde
¥Anidlewisudisutunszuiunsindaide
LUUAR ARAlTENIAPUANANAIIYDS

gusulnglveglunasiunsgiule

YDLEUDLLU

1. nszuaunsidadesasleloy
Tunswdnayulnsanuiuanansaluldsu
nsihanidoluasulngdu o lélusuuuuues
aulwsifdnvazduiurunadnienlide
fuiRdudann q downlelauiiszansnm
Tunsidnideluvsnaiuiaminu liawnse
negnzala

2. MTIATIEINTLAUANUTLIUVDS
Telwunayszozianlunsidndefivuyay
Tunszuiumsidnde wWisldlunsidaie
anulnsvlingng 9 uag aseanInwIndeNTed
iz‘uuﬁﬂszﬁw?}m‘wqqqm"[,umiﬁﬁml,%aém%“u
anulnsyiamg o

3. mddEnieThnsdunlagld
75 High performance liquid Chromatography
Wlevniesednsidsundamesansluviiung
molu

nnANssNUTENA
Tassmsideillasunugavyunside

lasmsITeRuseliumivenderinda nasu

W Ingraeinign Ussammnusiamuninivdy
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Abstract

Background: Pertussis is prevented by a combined acellular pertussis vaccine that
contains Pertussis Toxoid (PTs) and Filamentous Haemagglutinin (FHA) as the main
constituents. PTd is an inactivated Pertussis toxin (PT). The specific toxicity test of residual
PT remaining in the vaccine must be controlled in order to meet the standard requirements
to ensure the safety of vaccines. Some traditional methods were tested toxicity in mice
which caused animal suffering. Therefore, the alternative CHO cell assay was developed
for replacement of animal testing by In vitro assay following 3Rs concept. CHO-K1 cells
had a specific response to PT. Then, the exposure of residual PT caused CHO-K1 cells

morphological changes to rosette their shapes.
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Objectives: To develop and use this as the alternative method for the determination
of specific toxicity of PT in the combined vaccine which contains acellular pertussis by

Chinese Hamster Ovary (CHO) cell assay by monitoring residual PT in finished product.

Methods: A validation method study of specific toxicity of PT in combined vaccine which
contains acellular pertussis by CHO cell assay was conducted. The qualitative assay was
examined in two parameters of specificity and limits of detection which was based on
the international ICH guideline. One sample of tetanus toxoid, reduced diphtheria toxoid,
acellular pertussis combined vaccine (Tdap) was used to study optimal conditions and

examined the validity of the method.

Results: The results of validation with pertussis toxin (JNIH-5, NIBSC) were proved that
the methods were specific to pertussis toxin that showed rosette-shaped clusters of
CHO cells. The lowest limit of detection of pertussis toxin was 0.0015 IU/mL. One sample
of Diphtheria -Tetanus - acellular Pertussis Vaccine combined vaccine was removed
adjuvant and was tested by CHO cell assay. The negative presented results indicated

that the vaccine sample absented residual pertussis toxin.
Conclusion: This assay was appropriate to be adapted as a standard method for specific
toxicity based on residual pertussis toxin in a combined vaccine containing acellular

pertussis in both local and imported vaccine products.

Keywords: acellular pertussis vaccine, pertussis toxin, specifiic toxiciy, Chinese Hamster

Ovary (CHO) cell
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UNAnLa
anuddny: salonsuanansadesiufendusuidlonsurdalfiwad (Acellular pertussis: aP)
il Pertussis toxoid (PTd) waw Filamentous Haemagglutnin (FHA) 1JussAusznaundn
%1 PTd Aeflenwossildunainnisviilit Pertussis toxin (PT) nuapnuluiivas ilelviiula
Tumnaaensevesindu Fsfesmunusziuanuduiivain PT foravasndesyluindy
Tmutaivununsgiu lnen1smaaay Specific toxicity ﬁiﬁi’j’mgﬁvﬁﬂﬂﬂué’miwmaaa (In vivo)
winelAnAunsIUedninaaes fismaden Chinese Hamster Ovary (CHO) cell assay
Faldgnitauntuienaununislddn inassmundnnis 3R Tnewead CHO-K1 fanudiniy
s PT vany PT viaavident dawavinliiwad CHO-K1 anisidsuuvasgusianiznguadng

sUmennUaIy

nguszasa: Weauisnisnnvaeuanudufivainiiendulensuluindusindusagund
lonsuriialiilussruszneulaglditnmaden CHO cell assay dmsuldnsiafinnuiendulonsy

Me1aviasvdeagluninsue indy

FB53de: Anwimnugniesweitiensimnuduiivianzaniendulonsuiinaunie
Tufafunuiiflensursialivadifussdusznou Tnelfieadinziss CHO cells Badutinmaaoy
ludsnunmIsiiiiunisfinwiaugndesweddslu 2 msliwes fe N1IRTIdRUATINTIINE
90935 wardndinvesnisnsianu Tnedsdamudetvunaina ICH guideline wWefnwaniie
AnzauuazAmgniewedls uazAiiunsmagounnuduiivianizaniendulonsud
aundeluinGusiu Tetanus toxoid, reduced diphtheria toxoid, acellular pertussis vaccine

(Tdap) 91U 1 F0e9

HANISANEN: NANIATIVFABUANUYNABIVEITMBaTIIAsgIufiondulansu UNIH-5, NIBSC)
nuinslianudmigsieniandulensu nunisinznguueswadiduguneniraiueg1etniu
Judusifinnmdung wasdndfnuesuinm PT digaflanansansianuainnseiunanis
naFoy TAwiniu 0.0015 1U/mL uagiletiisulinaaeutuindulesiulsanefiu uienedn
waglonsurdaldivad S 1 fredsfifdnasiadugnesn nuhdedlinaluay wans

o U '

Sagudegeliiiendulonsunauvas
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ayU: Bnsesvdessienuduiivienizanfiendulonsuivasndeluindusiunilonsuy
yiialSwadilussrusenou Insldwadmizides CHO cell fanudwisiningauanunsavunly

Judsunsgulunisaifiunisasiadinszianudufivanzainiendulonsuiivasnde

[
o [y

Tuiagusiunilensurdaliwadnanand s indunglulssmavazditirunanaslseinela

[

Adagy: Indulensuriialiiwas Mendulensu aruduiivianiy lwadmwizides Chinese

Hamster Ovary (CHO)

UNuI
1salonsu (Pertussis) tWulsAMARIN
\WeoluATlL3Y Bordetella pertussis @enalsa

1w

Tuauwiniu Tsalensuludnlauasdlug fnd
p1mslaizuuss uaznenldenannnisinde
3u q fliiennisvesssuumadiumela
wilwindnainisteaz sulssaunganiela
wazdlanislewuu paroxysms (lotdugn 9
98193UKTY) 1n1Ivgladilidg e
(whooping) agandeyasgarugiieasde
Tsppefuluuszmelng U w.e. 2560 wuin
lesumenudUiednam 32 91 8nte 0.01
AoUszynsuaunu lagdlitededin 1 9’

fnFulonsunaninnuouRiauuene
lonsufithunwdnadu léun Pertussis toxin
(PT), Filamentous hemagglutinin (FHA),
Pertactin (PRN) wag Fimbria agglutinogen
(FIM) B93nTudl 2 9din léun Sadulensusia
agfamad (whole cell: wP) wazTadulansu

yiinlSiwad (acellular: aP) Fuduinduiiugs

INAIATANALRNITUNEIUVBIFLTB banTUY
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Faust 2 fa 4 dhuvsznevtanansonszduli
sumeaiagiauiulsald lneasdl PT uag FHA
Wuddsznounan wazldsiuiunensesn
yoafoneiuuaruiansdnduiadusiuneiiu-
uiangdn-lonsuvfinliiwaa (Diphtheria-
tetanus-acellular pertussis vaccine: Tdap)
Jofvasindulonsusialiivas (aP) 81n1s
TiwsUsrasrannsldindulnoninindu
silanaag (whole cell)!
Tun1Indn TR UABINIUAIINTINEDU
AMNNTAZUNITRIUJURN1IIINENER
wazEIUNTAdaUAIUANNUABASY (safety)
N1INAABUATIUUTEANDAN (efficacy) Lag
MINAAUAULAI-NBAN (Physical-chemistry)
uarldsunmsoun et unsdouaindiingy
ABYNSIUNNTETMSLATEN i IATuTa LAY

USENAELANULANA1ITUY TokA ANLMaINane

1%
=

vesarenugAndolonsu BNldlunisude

35n15¥ PT vusiie (detoxified) naneidu

Pertussis toxoid (PTxd) wagusunos PT a
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FHA 7ldnan Ty vliaduiidernunaes
HARAUTANAU (product-specification) @k
slaUsEaNSNINLazAINUANAYYDIIATU
fiuslnnaglasuniseuaunanInInTy
aeghslsimumsnaaeumuaLUaensiy
wazUseansnmuesindy sududealddnd
npasadusaunnlunisageusioadaiie
mMInageuAuduiiy (Abnormal toxicity)
Anudufiwaniy (Specific toxicity) wag
ANLTINTONITNAADUNITADUAUBINIY
Q:ﬁ?’juﬁu (Potency/Immunogenicity test)
yosindy feunsannslddnivaassadly
nsnagoundnsnel 1Wudefiasaduns
Tisonndswumanuleute 3Rs (Replacement,
Reduction and Refinement) 71 an ax 180
mslddmivaans Jsnsnsradeuninuduiiv
wwzanfendulensuiivaavdeluiadusiy
fifflonsurdinlfwadifuesdusznou Tneld
wadINEABS Chinese Hamster Ovary (CHO)"
dunsnegeuiaunsatiunusuldunuis
msnageuANUduiwanzanfiendulensy
$inlSiwadfilddninaass Inensasivaey
Anuduiwanfiendulansuluindulansy
$inl5wad Ineldigad CHO-K1 Aldlunis
733311 pertussis toxin (PT) flenaaunie
ag/lu purified pertussis bulk v§sa1nHY
ASLUIUNNTYINIANUANY (detoxification)

Tagasrniseursislan® Auuslidulsnaasu

nsdendmsuinnuainuaiiatsves
NARAWUY (in-house monitoring pertussis
toxicity) wififos1invesizie asiadugns
(Aluminium adjuvant) luiaguiinanuduiie
fowad CHO-K1 Sadufiulunisiauiis
asrvdeuaudufivainitendulonsudild
naaeuluIadu (final product) tieldmauny
nsnageuludninaaniniunan 3Rs kagiun
Taduitnasgiunsannulufivaniendu

laﬂsﬂuwﬁmmsﬁi’mmwmL%ﬁ]gﬂléf 1ng

Jagtudslidnisiunldvaasuludiogng

>

dnsdueiinduriiad Tieadayananidy

ARUNLUINTATHNU TN AN

Y (3
MUseen

1. iemuisnsnsraaouruy
a 2 a o o  a a
fiwanfiendulensuluirdusiuiilonsuyie
waadussrusznoulagldidniaden CHO
cell assay

2. weldiduisumsglunsesiagdeu
AunNIuUANNUaendevesingusmntlonsy

¥inlswad

521 08U75798
/N5

Wunsidedannase lnednwainy
gNABIVBIITAILAITUINTEIU WHO Interna-

tional Standard Bordetella Pertussis Toxin
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(LPF) PT 1st NIBSC Code: JNIH-5 wazfaaena
Sadusauiitlonsurinlsieas tetanus toxoid,
reduced diphtheria toxoid, acellular
pertussis vaccine (Tdap) {ussrusznau
$19u 1 feee wadinnziass Chinese
Hamster Ovary (CHO-K1) IN1n1501579d8U
3 riidudaseseruly 1 YANTNAFDY
FunauNMSANE

1. Ureg1einduindulonsuvin
1Siwad 1w 3 1In vanag 0.5 mL sy
U915 1.5 mL UIWANAUAIE vortex mixer
suduioireatu (homogenized vaccine)
andntuUIung 0.5 ml ldlu Protein LoBind
tube UM 1.5 ml 1Hn 10% W/V Solution of
tri-sodium citrate in 2xPBST U3u1815 0.5 mL

a

Al waufueie vortex mixer Uufgumgll

Y

[y

37°C 1 Wuan 16-20 9lud deenunauiy
fnE vortex mixer LAIIUUIIBIN 6,000 rom

Wuan 2 wil udaula (superatant)

PT UNIH-5);
10,000 1U/mL

PBS” 450 pL

1,000 IU/mL 100 1U/mL

PBS” 450 pL

#il#lu Protein Lo-bind tube aw1a 1.5 ml
NS0 NANMULTNTUVDIAI0E1S 1:10
Freomsiasaad F-12K medium s 10%
(w/v) FBS ez 1% Penicillin-Streptomycin
TnglRn supernatant Usinas 300 ul asluens
Aoawad F-12K medium U3uas 1,200
wUssogefirunmsidons 1:10 esondu 2 dn
Ao Unspiked way Spiked sample lag
Unspiked sample Ao fogneTaduiilaiiu
PT aslU wauzii Spiked sample fia §oea
TaFuidu PT adlu Tnewdiu PT Annududu
2 1U/mL Usu1as 16.25 pl asludiegneindu
U31195 633.75 pl wanlidniy wanildify
flgaumgdl 4°C Aounsaaey

2. wisuansnesgiudie iy positive
control 11115139919 WHO International
Standard Bordetella Pertussis Toxin (LPF)
PT 1°" NIBSC Code: JNIH-5 siag) PBS(-) Toalet
A usedy 0.05 1U/mL @fﬂgﬂﬁ 1

100 L 50 uL

PBSY 450 uL PBSY 900 uL  PBS" 950 pL

0.05 IU/mL

10 1U/mL 11U/mL

g‘tl‘ﬁ 1 LUUN5139979 WHO International Standard Bordetella pertussis toxin (LPF) PT 1°

NIBSC Code: JNIH-5 a3g PBS”
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3. WSUUWANVIAGOU 1AULALDINNT
\deaiwad F-12K medium 7iia 10% (w/v)
FBS Way 1% Penicillin-Streptomycin U311as
nguag 100 pl asluwinan Sterile Tissue
culture 96 wells plate, Flat bottom with
Lid Tuwan B & H faudneduid 1-9 duans
110557 (Positive control) FanFesldain
U9 10.3.1 Usn1ms 200 pl asluwanmageu
Fua AL, A2 uaz A3 (3 91) Wiy Spiked
sample Jamdeuldaindes 10.2.9 Usuns
200 pl aslutwanyagdeudlnils Ad, A5 uay
26 (3 91) i Unspiked sample dusdeails
9199 10.2.8 U115 200 ul aslutnan
NAADUAILAUY AT, A8 Lz A9 (3 %ﬂ) L3894
@15U1955 808 F-12K medium i 10%
(W/v) FBS uag 1% Penicillin-Streptomycin
Tnei3ea19uuu 2-fold serial dilution 5uaN
W A 89 G lureduildl 1, 2 wae 3 azld
ANUTUTUYDIATUINTFIU 7 A1 Tk 0.05,
0.025, 0.0125, 0.0063, 0.0031, 0.0016 Lag
0.0008 1U/mL 139979 Spiked sample A2
F-12K medium 7ifisl 10% (w/v) FBS wag 1%
Penicillin-Streptomycin lagtdaatauwuy 2-fold
serial dilution Suanuan A §9 G Tunedunl
7l 4, 5 uay 6 agldmmuiiuiuineand spiked
PT asly windu 0.05, 0.025, 0.0125, 0.0063,
0.0031, 0.0016 wag 0.0008 IU/mL 1393914

Unspiked sample A28 F-12K medium i

10% (w/v) FBS wag 1% Penicillin-Streptomycin
Tneidea1auuy 2-fold serial dilution 1311970
e A B9 G Tureduiid 7, 8 uaz 9 asldszey
L9 NANULUTUYBIFIDY1TATU 1:10-1:640

4. WpumadnEEns thiwad CHO-KI
wangmé’aamms F-12K *17'1'@34 10% (w/v)
FBS wag 1% Penicillin-Streptomycin Uulu
Foumadouuildensueulavenlusiigama

37°C Inevin1g passage cell 1:10 udtild

Uuludaumzidenuuldasvaulaeanles

a

figaungdl 37°C uu 48 Falus desiwadene
0.05% Trypsin-EDTA solution 111 1-2 U17L&7
re-suspense AI8OMIEBUTAE F-12K
AWFn 10% (w/v) FBS wag 1% Penicillin-
Streptomycin Husuuwadnidinlae3s
Trypan blue exclusion M& hemacytometer
wazUFumuLTuadyiaU 2x10° cells/mL

5. nedou lagwfulgad CHO-K1
Awzenly Usunes 100 ul asluwanvagey
lngidsgadamnraulusumus A1-A9 aud
H1-H9 uazrewhwanluvalnesaialiiite
ALATAINTUNTUBAUAN VI VO UTAS
figaumgiiviesuiu 30 wit Yinanmaaeuly
vslugoumziteuutldasvoulaoonles
(CO2 incubator) gaunad 37°C WU 40-48
Falus mssua Weasunan thinanmagey

LANZLNDIMISLALUYRR LAaTANNYad 1 59U

PIUDIMNSHRLNYAA F-12K medium Nlaivdiy
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FBS udaufuenmaldssad F-12K medium
filsiiAn FBS U33@5 200 ul sionigu wéndsii
ludesnnelindesqansseu phase contrast
findseneiaudlnding 10x edunadnuae

[y

Fuginemengadineies CHO-K1 Tag
WNNUNISNIENaUUBYad CHO-K1 1lugy
ABNNYATULINNTINTBVNAU 10 clustering
FulU Wsenuwaiduuan (1) luvaedinn
Ldnunisinznguveawad CHO-K1 wseny
naNEnguUeaTad CHO-K1 Wugunennany
UounNIMMsoWiNAU 9 clustering Ts1891UKA
Wuau (=)

6. AN¥IANUNABIYRYIS (Validation
method)’ 1n8N150TIAADUAILTUNNIZUDY
2% (Specificity) 1 WHO 1° International
standard for pertussis toxin (JNIH-5) 351363
Trgdanuigantu 1 1U/mL i@ (spike) adlu
Fregnstadunuiiiilonsuriinldwad (Tdap)
Tneduadludnsdn 1:10 (V) ienadey
AUz veIseMsdanansUasuuas
dugnuine1veawas CHO-K1 yinsmagau
W3aufu Positive control (815119155714 WHO
1*" International standard for pertussis toxin;
NIBSC code JNIH-5), Negative control
(F-12K Medium) wazseeeindusiudidl
lonsuriinlfwad (Tdap) Aliifin1s spike PT
1AgYNITNTINADUANLT NN VDIV AFDU
31U 1 YANTVAADY UAZHEIUNANTNAFEY

U 3 AU edlinuRnIsnadaunail

1. Positive control (JNIH-5, NIBSC)
ABINTITNUNITNIENGUVBUTAS CHO-K1
Jugunannuanu (rosette shapes) 11NN
w3awiu 10 nau Mgl 1 vigunageu wasei
Hunauan (Fesianauanmiiu)

2. Negative control (ensdionad)
aodlinumsinignguiuneniatureead
CHO-K1 ¥AWUNISNIENGUFA8eisuIy
Uesnimsewiiu 9 nau Aelu 1 vigumegeu
waneindunaay (Feafinnaauwinv)

3, fhetheipduiiiingg spike pertussis
toxin ARINTIINUNSINENGLVDNULAS CHO-KL
Jugunannuanu (rosette shapes) 11nn37
n3oLNiU 10 nau nnely 1 viqunedey
waneindunauin Goaianauanviity)

a. Fregnaiduiilifinns spike dod
ldnwunsimegnguusawad CHO-K1 sUman
VAU MANUNSNIRNELRDETIUToeN
viowiiu 9 nau aelu 1 vgunagey wanedl
Junaau (é’auﬁmwaauwhﬁ?u)

LAYATIVEBUTAINNAVDINITATID
WU (Limit of detection) lagtn WHO 1
International standard for pertussis toxin
Fondviianudududedusiiu 4 1u/mL
Feosiasnead F-12K udinsidenns
PT reference saiilouuu Two-fold serial
dilution Ttimaudutu 0.4, 0.2, 0.1, 0.05,
0.025, 0.0125, 0.0063, 0.0031, 0.0016,
0.0008, 0.0004 wag 0.0002 IU/mL wag
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MIN1sNAdauLisunu Negative control
FansnyreaeuinsiaveiSsiunsmasaey
$1uu 3 pds Wudasydery Tagvinnsneaey
arunduduag 3 61 wagdeunanismaaey
U 3 AU 81UAT LOD 2NTEAUANULTUTY
sﬁl’wqmﬁﬁaamwwumiLmzﬂdmau%a‘
CHO-K1 Juguadenannmanu (rosette
shapes) 11nnim3ewinfiu 10 nau aelu

1 naunagau uansimaduuin

NANTISAN®
NANNSASIVHDUANNIUNZURIIS (Specificity)
WU §AATIEIg 3 vty guma
ANSNAABUANTINU NAIAB Positive control
(NIH-5, NIBSC) fisgduauiduduriiean
0.05 IU/mL Wudwﬁémmamsmaauﬁgﬁ 3 YU

nIInUNIsinIznguvenadiduguadiey

ABNNMATU (rosette shape) 11NA71 10 NG/
= I a
NQUNAFDU WIWUNALTUUIN (+) (115190 1
wag3Uil 2A) Negative control (@MNSREYad)
NUIEBIUNANISNAFBUNG 3 YU A9 LUNU

Y

M3NITNAUTBNTAS CHOK1 Fe3rparunariu
au () (M99 1 wazgUi 28) fegneindu
Saduswfilonsuviinldwad (Tdap) Aifins
spike pertussis toxin ﬁizﬁumwmﬁu%uﬁwqm
0.05 IU/mL Wudﬂﬂémmamimaauﬁ% 3 N
AIINUNsNInguregan duUaane
AaNnMau (rosette shape) 11NN 10 NG/
viguvedey Femeunaduuan (+) (13797 1
LLasgﬂﬁ 20) Tuvaugiishesnaindy Jadusiu
fiflonsuvialivad (Tdap) 7ilaidnng spike
pertussis toxin Wudﬁﬁémmamsmaauﬁq

3 i avsaldnumanizngueaead CHO-K1

Jemenunaiuay (-) (M99 1 uagzui 20)

A151991 1 NANISANEIANNTUNNZYBIDN1TRTIRdBUANMTURwR NI nTiondulensu

Avaavasluindusiunilensuviinliiwadilussrusenou @ae3s CHO cell assay

Jerunan1snageu A 1 ) Aufi 3
2PN NNIATIVEOUAINTUNZVBIIT (Specificity)

$1uth 1 2 3 1 2 3 12 3
Positive control + + + + + + + + +
(0.05 1U/mL)

Spiked PT in vaccine + + + + + + + + +
(0.05 1U/mL)

Unspiked vaccine - -

Negative control - -
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U 2 NANISANEIAUIUNIZVRIITNSATIdRUAM T UImanIzanTondulansuiivaivide

Tutedusunilonsurialiiwaddusdusynau M35 CHO cell assay Inagu A: Positive

control (0.05 1U/mL), B: Negative control, C: Spiked PT in vaccine (0.05 IU/mL) wag D:

Unspiked vaccine gnasasuanisiiageiuisinunisiesiiveseas CHO-K1 n1sinzngy

Jusunennwanu (rosette shape)

NANI9A52969UTAIINAVDINITATIANY
(Limit of detection)
NAIANYIVATINAVBINITATIANY
USunauiendulensumeisnagey CHO cell
assay WU UNaNINAdRULARLYINUE LN
LﬁumslmzﬂejuLﬂugﬂmaﬂqwawu‘lumazsgﬂ
YoIn1sVadauiuanaeiu Fedinsnsiany
USanas PT fngmivinitu 0.0008 1U/mL (§U7 3)

WOAUINARRYINTI 3 ASIVDINISNAADU

wuileadsiiu 0.0015 IU/mL (15197 2)
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TnsnsmaseuluusiagadaUsina PT sngaves
MInTIaNUILeglugag 0.0008-0.0031 1U/mL
esaniBunisnaaeu bioassay Ml4iwad
wgiiedlunisvagey Tnedanansmousauey
Youwas CHOK1 fieas PT uagnsmaUaues
voatadluniazadiasnsvnaouaIkansay
nvagisuusasyiusinsdanauazusiuy
wadgUnennuatuiienaunnseiule usides

Talnenaniiiung 2 sEAUNSiin ALY

aanaiigensy (WHO/IVB/11.11, 2013)°




A15199 2 HARTIFFDUVAINNAVBINITATIINU (Limit of detection) YINNITNAFBUINUIU 3 A3

feunanimasou

AuN 1 aud 2

= . = ' &
AUN 3 Aadglunnazas

& o oo o oo
AN IUN IUN

N N 27UNA

ININAVBINTTASIANY PT VBINTNAGDU

(IU/mL)

(IU/mL)

1 08/02/64 10/02/64
2 02/03/64 04/03/64
3 15/03/64 17/03/64

ALDRYNY 3 ASIVDINISNAADU

0.0023

0.0011

0.0026

0.0020

0.0015

0.0009

0.0021

0.0015

PT (IU/mL) The study of limit of detection of pertussis toxin by CHO cell assay

D = 0.05
E =0.025
F =0.0125

J =0.0008
K = 0.0004
L = 0.0002

JUN 3 Nan15ANITAINNAYDINITATIVNUUTUN pertussis toxin UNIH-5, NIBSC) s snageu

CHO cell assay
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anuUsena
N13RTIVABUAINNYNFADIVBITD
nsradeunlufivainiondulensud
nasndelutnfuswiidlonsurinlfivad
Huosiusznou Tneldiwadimneziass CHO-K1
lumsnaaeu \Wusrenisnageulunds semi-
qualitative dunawanisiasuulasdnues
NFUFIWING VR REas CHO-K1 vndl PT
vaswaslutadu wad CHO-K1 vziUdsuuas
sUMMzngUAaggUnenNnvau (rosette
shapes) Fa91nmgufidnediu nannzIde
Ferudunsdnuiaunedeuiiiotanly
lunssram PT fionavaandonylusdnsing
Tagudsagy Tngvian1sfinuzay
FMTUNITVAGDU NUITIWIUTAE CHO-K1
fmngauluman 96 gy Ao 2x10° cells/mL
warsrezailunseIuNaie 48 1219 e
WIBUIBUAUNANUWITEBY Isbrucker et al,,
2016° way Wagner et al,, 2017° Fefnw
FFnaaou CHO cell assay wiotanldlunis
M5999 PT ﬁawwaﬁmﬁaagﬂuwamﬁ’m%ﬂ%u
dusa3U nudnanududugad CHO-K1
Tsnzaumiaiu 2x10° cells/mL 1iog97n
SrnuasTizaLardwlrEunnnsAn
Leziaél,mzﬂzjugﬂmaﬂqwmmﬁamaawv PT la
DE19TALIY LATITEELIAIUNITETUNAAIS
suranieluie 40-48 Falus iosanmnuy
wannageuiundi 48 Flusilidanawa
nsnznguveswadidugunenvaiuein
Fudunaunwadanusadulaiinsiuau

unFulamuunAauldanunsadunsdiuead
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inmeznguguaennuatula Fusvezanluns
Srunafivnzaude 48 7lus Jaduszezinm
Wenfufunsinewvesulsesu® wasdiels
aameimnzandmiunsvaaeuanziide
ANTIUNITATIVHBUAIUYNADIVBITDIY 2
WIELA83 LW N1TATIVFEDUANUI N
YBIID (Specificity) WazUATNAAUDINIIATIINY
(Limit of detection) ssdiunsaudarmun
UIN5gI° HANSANEIMIEN IS TN d
WU WAZHANIINTIVADUAIINYNABIYDITD
measnsgIuiondulensu ONIH-5, NIBSC)
NUIIsHANUT g seRendulansu wuns
inmegnguveaadiduzunenimaivegadniau
wazTaddannuiduduigafinganuain
AseuNaldvingu 0.0015 1U/ml wasiiiath
Fuldneaeutvsadunuidlonsusinliivad
Wueerusenau wuindiedrslinaiduau
waniadusiegaliiifiendulensu

GNAYEREE!

dyuna
PNHANTANWIITATIVERUAULTUY
fivanfondulonsufivaandslutafusiufiil
lonsusdinlsiwadiduosnusynau lneldiwag
NZABETS CHO cell assay Slmmusmng
19935 nunsinignguredradidugunen
AUt LasdndNnYeIN1INsIINY PT
Iéan 0.0015 1U/ml FEFaduBmaden
Weldnaununsveaauludnivnassnundn
3Rs waz i duiBnesg s duiiy

<@ a a (v s a 2
annvendulansulunanduniadusiule

7



YDLEAUDILUY

38 CHO cell assay f9a311nAD
asiaiugvsidegluiadusudesiiuiunm
laignndn 1.5 me/dose Fsanunsathuvmageu
Tne5ile Wosmnansiesugslutadurinly
Ananudufivsowadiniziass CHO wag
asiedunsluiaduusiassinsuiiuinalsiniy
SedeadinsAnwmannsfiuanzanluusay
s¥ueneuthunldlunisnsieaeuaaduiy

wnzanviendulensuivaandesgluindu

a a

naenITNUIENIA
VBUBUANANITUTYING NTUINYT

mansn1sunng lunisatuayunisaiiiueny

Tunnenu

v a
LNE1991999
1. npalsadeaiumiedndu nsuAluaulsa
NIENTNATITNEY. FNTTIATURALNNTATI
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Abstract

Background: An identity test is an important test that is performed on the meningococcal
vaccine to verify its identity for quality control of the vaccine. The meningococcal
conjugate vaccine consists of purified polysaccharides from Neisseria meningitidis, and
each serogroup of meningococcal polysaccharide conjugates with a diphtheria toxoid
carrier protein that corresponds to the registration dossier, so that vaccine recipients can
be confident in the quality of the vaccine according to the product's standards. Therefore,
the agency has expanded its ability to validate the identity of meningococcal vaccines.
This testing has not been previously available for the quality control service of

meningococcal conjugate vaccines.

Objective: To develop and validate method of the identity test of the meningococcal

conjugate vaccine for use as standard methods in the laboratory.
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Methods: The optimum conditions were determined by the specific reaction between
the antigen and the antibody that was suitable for testing. In addition, the method

validation was verified for two parameters, including specificity and intermediate precision.

Results: The results of the optimum conditions of the identity test for meningococcal
conjugate vaccine by indirect ELISA showed that the optimum dilution level of each
antibody has a specified dilution factor. The N. meningitidis antiserum group A was diluted
at 1:10,000, while the N. meningitidis antiserum C, Y, and W135 groups were diluted
at 1:5,000, respectively. In addition, this assay must be tested according to the designated
plate templates so that it can be a valid analysis because each type of antigen has a
specific antibody. Moreover, the result of the validation method was found that this
method was highly specific to the reaction between antigen and antibody. These were
calculated from the ratio values of each type of antigen, which presented the ratio values
in the range of 17.69 - 40.78, while there were no specific reactions between antigen
and antibody; the ratio values were very low, in the range of -0.02 - 4.95. Thus, the identity
of each antigen can be determined, and there was no cross-reaction among the serogroups.
The ODgsg nm Value of the blank was less than 0.1, which met the acceptance criteria.
The results of intermediate precision by two independent analysts showed that the results
of both analysts met the criteria, and the average ratios of standard substances and
vaccine samples were not significantly different between the two analysts at the 95%

confidence interval.

Conclusions: The results of the study revealed that the identity test for the meningococcal
conjugate vaccine using the indirect ELISA technique met the requirements for validation.
Therefore, it is suitable for use as a standard method for submitting the registration of

the meningococcal vaccine in Thailand.

Keywords: Identity test, meningococcal conjugate vaccine, method validation, ELISA

technique
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UNAng?
anuddny: namssdeuiendnuaivesirduliostulsaldnsmduey Wusmenmmaaoundsi
fenuddylunismuauamninu eBusuiiefulssnoudelndugaalsdveadouuaiide
Neisseria meningitidis ustaz@lan§uldeusefufionvesdidensfiuilfiiulusfiumme nssm
FlsnfuitssylunziBousfuentaing eadrsanusiulalunmuniwvesindunmnsguves
wAn e Fadumbenulduenedanuannsolunisnsaseuendnunivesinfulosiulse
I¥nmmdausy Fadunensmeaeuidliineliuinmsnieudmiunsnsiaruauannn

1Y

Tagulasiulsaldnmdueuviinpauginn

[

TUILEA: HDANYIANIETVINEAN WALATITHOUAIINYNABIVDIIBATIIADULDNAN YAIYBY
Fedudosiulsaldnmdususinaouging ieinunldduisunsgiumaiesdfiainislunis

nynuduendnvalvesingulasiulsaldnmmdusuriinnauging

ABn15398: N13ANWIANNENWLILEaNYRIITAIENSANYIURATEIT NI SENI BRI LAY
WBUAUDR LaEANYININTIAADUAIINGNABIYEIS NN TTmes Witennudime wasAnuies

YDIIDNATIEH

HANISANEN: MSANYIENETINzaLTeRinTauendnvalvesrirTutiesulsaldnumdusy
yilarounamenaila Indirect ELISA WuIsEAUNMsEermududuvesueuRveffivnzey
AONISNAABUAINS ULDURLIULAAZTNALANANAY InasuaURUef N. meningitidis antiserum
group A wauiiszauidentsaududu 1:10,000 luvasfiuoufived N. meningitidis antiserum
group C, Y uag W135 PRUTRsEAUE 099ANIEITY 1:5,000 MUY wariEmsvaaeUil
FosnsvageunuklLULTeRanadeuTismuall Ssaunsannaliasziendnvaives
Trdulsatnagneiad losanueufuusasriadenusinizaousufived waznanIsAneIAY
gﬂéfawaﬁ%ﬁu NUITBUANUTUNZES LngAIUINANAT Ratio VaawauRlIuLAAzYin Fadlen
Ratio agluts 17.69 - 40.78 luvaizimnlsiiinuFisordumzseninsuoufiaunasuouived
A1 Ratio dendeeunagluyie -0.02 - 4.95 Jsanunsaszyionanualvaskaufauliazyin
Iopgnednmng Taglaifin1siin cross reaction T1@Lsn3URU WagA ODys o U9 blank lutwan
yaaouiiitiosnd 0.1 Fadulununasiiidvun wasnamsinmaiioweds lnogiese
2 Au Mdudaszrefu numanisaaeuii 2 auduluaunasiidivun wazAede Ratio
%Jaami:mmgmuazé"saéﬂafﬂ%umﬂmsmaawmﬁﬂ%miwﬁﬁq 2 A llusnenaiuegiadile

AR NITEAUAINLTRNY 95%
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a3u: NsfnwinuiniBesnaeuenanualvesindudesiulsaldnumdaususlinpeuginaiie
wiadla Indirect ELISA kun15951980UAMNYNABIaIS Fudulumuinaeiivun danuisd

Fafleumnzaudnsudisuliluitnsgumeiesd §URns Welduszneunisvedunzidou

MBI dmelulssing

o o

AdAey: N1snsIvaeuenaneal agudesiulsaldnundiausiinnouging n13nsIaeY

ANNYNABIVRYTS nAtlA Indirect ELISA

unin

Tsaldnmmdusuinande Neisseria
meningitides FaiuiuaiiGensuau susenay
Aéawdnd egfudug q aunsouninszang
dnanisle 21w nsdudadiudiyn thane
LLazﬁﬂWUIuamuﬁﬂuaQiauﬁuwmLLu'u
wazfiguiAviadsuindeslsignavdnuas!
\Bo N. meningitides gnduunenulniuya
Alsdwalga ognetiay 13 GlsniU leud A B,
CEXY,ZWHIKuaz L' lagglsniy
drAgglunsnelsaluaud 6 Flsniu fie glsnTu
A, B, C, W, X wag Y2 35n15daenulsavinla
Tnsnsaninduiiieairegisuniu deiady
JosAulsaldniundsuwsudinudfguin
dnsudiidoufunmsludssemaluiug
finsszvinvedlsadulsed Ima@ﬁ%lﬁuma
AslEsuNsaniAgunaunITAuNIg 7-10 Ju°
Saduilaaiulsaldnnmdsueu 74
Tutagtundnunaindrulndusanilsnves
Fouunii3e N. meningitidis Tneaguilosiy
Tsatosiulsaldnunauaudl 2 ¥da Taun

yialnauganlsauazviinaouging witaguu

IS a

dnstunziisuamzinduyinnouging
Wasnannsanseaugiauiulagrtuszuy

Y 9

T cell dependent [Ann1snaUAUBILAR LLLAN
fiflongeiindn 2 U uazanunsansedunidudu
lotinsandnld Saguilastulsaldnmimdausy
ffidmeludssmdalnefiosdusznovves
LOURLIUIINTD N, meningitidis 71U &
FlsnU o A, G, Y waz W135 Juiiuvienyess
youdenoauddiulusiunny waziitel
;:Ilﬁi”ufﬂ%uﬁmmﬁﬂaﬂummﬂaamﬁa way
Usgansan Fefimnuindudesnsiaaeu
Aunlriinulandy wazUsednsnm
Tunslesiulsn n1snsideuauNNUDTIATY
a11150n5739@UlaelIIDMENUTININ MU
waziailuriesUfiinng desiensnsaaou
ondnwal [Wunsasadnsziuidsiifieny
ddnlunismunuamnmindu’ tiledudui
SagutiulsyneudieTnausanilsansani
FlsnFuiseylunsidoudiuendaring uay
Lﬁaa%ﬁammﬁuiﬂu@mmwsuaﬁﬂ%um‘amu

UINITFIUVINANAUI fetu Febdveny
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YaANUANNTON1URIUHURN1Td1mTU
n1saTIdoulenanwaluesindutesiulse
I¥nsmausurianouginn sadusenis
nadeufinthenudildngliusnisuineu
Tumddeadsifla@nuanneivunzan was
ANLIUNINTIIADUANINYNABIVBIITNTINEOU
nanwalvesindutiosiulsaldniunasieu
wiianaugng tngldinalia Indirect ELISA
(Enzyme-linked Immunosorbent Assay)
ot liduAtunsgumeaiesujiinng

antuiingaaly

[ 3
WUIvasn

1. ilefnwianizfimmzan uaz
AIINHDUAIINNABIVBTITNTIRAR ULDNAN YA
vavingudasiulsalinundususiinnouging
memnaila Indirect ELISA

2. viteldduitunsgIuniesias
UUAn1slunsnsIvaeuenanyalvasindu
Yasfulsaldnumdawsursinaouginneie

WwiAtA Indirect ELISA

52 U8UIGN19298

ﬂ']ill'lﬁliﬁ']u
asunsguidanudmzdmiu

wouRlauLAazyta lauA WHO International

standard for Meningococcal serogroup

A polysaccharide (13/246, NIBSC),

Meningococcal serogroup C polysaccharide

2156159MM150azen UM 31 aUUfl 1: UNSIAY - LUW18Y 2567

(08/214, NIBSC), Meningococcal serogroup
Y polysaccharide (16/206, NIBSC) tag Mening-
ococcal serogroup W135 polysaccharide
(16/152, NIBSC)
CPLERN
Tagudosiulsaldniunasususiin
ABUILNA (Meningococcal polysaccharide
serogroup A, C, Y and W135 Diphtheria
Toxoid Conjugate Vaccine) 371u3u 1 5u
nsuan wazindulesiulsaldniwvasieu
yiinmoUgNA (Meningococcal polysaccharide
serogroup A, C, Y and W135 Tetanus Toxoid

o

Conjugate Vaccine) §7UaU 1 JUNISHEN
2 & W ) I o oA aa o w
FUTUMILNUFIBE1IATUNTN1TUUININ
mglulsemealng
= o ¢
\A30silaunazaunsal
A3e9IRAINNTANAULES (ELISA
reader) 8%® Tecan 3u Infinite F200 Pro,

v

WP3B9a19kuTASINANONIUIR 898 BIO-RAD

v '
] a o

U ImmunoWash 1575, fauineiiogmnil
(gaumqil 25°0), §¥71isae (Biological Safety
Cabinat, Class Il, BSC Type B2), 96 well
plate Maxisorp NUNC-IMMUNO PLATE
(Cat. No. 439454, Thermo Fisher Scientific),
naRANAARINANEANHILNAYY YUIA 15 LAy
50 ml, aaanaase Eppendorf tube ¥UA
1.5 ml, Automatic pipette ¥uU1® 5-50 pl,
20-200 pl ez 100-1,000 pl ez Multichannel
pipette ¥uU1In 50-300 pl
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A13uaURUDA
ansuauRveRsiauTINIEd T
wouAlauwnazula LA N. meningitidis
antiserum group A (Cat. No. 222281, BD),
N. meningitidis antiserum group C (Cat.
No. 222301, BD), N. meningitidis antiserum
group Y (Cat. No. 228811, BD), N. meningitidiis
antiserum group W135 (Cat. No. 222531, BD),
Rabbit anti-Diphtheria toxin (Ab53828,
Abcam), Rabbit anti-Tetanus toxin (Ab53829,
Abcam) wag Goat polyclonal antibody to
Rabbit 1gG (H+L) HRP conjugated (Ab6721,
Abcam)
asindiuaziemagou
ﬁ’ﬁLﬂﬁLLa%ﬁﬂﬂﬂﬂﬂﬁaUmﬁUﬂﬁmﬂﬁaU
oA 10x phosphate buffered saline pH 7.4,
10% normal goat serum (GNS) ft%o Thermo
Fisher Scientific, bovine serum albumin
(BSA) 8% Sigma-Aldrich, 1x phosphate
buffered saline (PBS) pH 7.4 with 0.05%
tween 20 (washing buffer), 1x PBS pH 7.4
(diluent), coating buffer for positive control
(2 pg/ml BSA in 1x PBS), 1M sulfuric acid
(stop solution) &¥e Merck wazansduaInTy
SureBlue ReserveTM TMB 1-Component
Microwell Peroxidase Substrate (Cat. No.

5120-0080, KPL)

n1snsIvdaUlEnanealvasindutlainulse
ldnrundeusuviinaauginadlginaia
Indirect ELISA

1. fupeunIswdeuiete uazas
wnsgulddviumfoununanageou
1N1318997198708 19IPT UTRTA NI U D4
meningococcal polysaccharide wiiag@lsniy
Useanad 1 ug/ml @28 1x PBS WaglnseNans
11955 ulEANYLTRYes meningococcal
polysaccharide usiag@lsngu Uszanas 1 pg/ml
#t 1x PBS il BSA 2 pe/ml w&ani
WiuFeg19indu wava1sunsgIuadtumwan
nadau (96 well plate) dnaslusuniad
muuald Usuinsvguag 100 ul laewwan
nAdovU 1 plate @3150R59dOULNANBAL
vavintuligean 7 dege udnhimwanvageu
TUvugus gaumail 25°C w1y 18-24 Falus
dloasunanthmannaaeudsieg washing
buffer viquag 300 ul 313w 3 A%e Tagld
idesdnslulasnansmlu® uazinnzinan
UVUNIZATYTULLIA

2. Fupou Blocking plate L3 10%
GNS USunmsuauay 100 ul wendinanynaaey
Tuunidungamgdl 25°C i 1 9l dleasu
LA UNANVIAFDUANAIUTTVINGY LAZLANE

NANUUNTEA BT U TR
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3. JupounsLAL Primary antibody
W8y primary antibody #ifiaausunigse
wouAlIudazdlingy lneldoanaanududy
Fwunzaudne diluent ﬁﬂ‘ﬁl N. meningitidis
antiserum group A, Rabbit anti-Diphtheria
toxin e Rabbit anti-Tetanus toxin
Fevefiseduainududy 1:10,000 du
N. meningitidis antiserum group C,
N. meningitidis antiserum group Y Wag
N. meningitidis antiserum group W135
Foaneiisziuanududu 1:5,000 a1
WaRY primary antibody fifiaausnig
whazwouRiaw Wuasludundsiidmualy
JSumsviquag 100 ul kaddiwanneaey
TUvufiduugumgll 25°C uu 1 Falus
dlonsunaniinanaae gy
LaZLAZINANUUNSEANET UL

4. Fupounsiy Secondary antibody
W38l Goat polyclonal antibody to Rabbit
l6G (H+L) HRP conjugated 130914fi5eéiu
AULNTY 1: 25,000 7y diluent udLALAS

a

luwannageunnvay Usunsvauay 100 ul
dnnanneasuluundiguy gaumall 25°C
w1 2l Weasunantiwanmagey
ANPNTTTINAY LATLAIZINANUUNTZATYTY
Toiuni

5. tupeulfisenninind wazns

21UNA LANETEUALRSY (TMB substrate)

2156159115088 UN 31 aUUll 1: UNSIAY - LWWI8Y 2567

Ysunsvquaz 100 ul aslumwanvnaday
yovau UsliAnEgaumgiivies uiu 10 und
fimytasiuias mnfiauizendnimesening
LOURLIUAULBUAUDANTIIAAANME secondary
antibody fifinaainsieeulesd HRP o
duansnadly fuawmsnazgneesmereulud
HRP Winuansainiu wasidonsunan 10 wfl

W 1M sulfuric acid (stop solution) Usumag

=

nauag 50 ul Lileneaufiselaeazinng

]

= A

Wagudonaihdududivies wdniuman
yeaeulUinAnsganduLasinueAdud
450 nm §eA3es ELISA reader waziiwau
AU ratio T¥1I19AT ODysy .y VOIFIDEN
SATu saAade OD,s, .. 989 blank 51891
nauINkle ratio vesogeiAdulimunnnd
7.0 wazsreunaiiuauidion ratio da
Uosnusavnfiu 7.0
nsANEENZ NN 933
n1sAnEIEN1IE TNz auveds
91AENANNSVINSNAUGNTET UM TENINg
LOURLIULAZLOUAUDA LABNNIEAULIDINT
A UTUT N ZALYBS Primary wag
Secondary antibody Liielddmsunisnaaeu
MN1913991992AUAMNLTUTUYBY primary
antibody Tuunazvin Fad . meningitidis
antiserum group A, N. meningitidis antiserum
group C, N. meningitidis antiserum group Y,

N. meningitidis antiserum group W135,
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anti-diphtheria toxoid W@ anti-Tetanus
toxin 138919ANLTUTUAE1S diluent
ﬁizﬁU 1:1,000, 1:5,000 wa¥ 1:10,000 way
N9 9TEAUAUTNTUYDS secondary
antibody (anti-rabbit 1¢G HRP conjugated)
fheans diluent fisesu 1:10,000 wag 1:25,000
wdntusdunisuageulendnyalves
Tagulesiulsaldnmassuyinnouging
fauwmalla Indirect ELISA Lagiansaln

AIN1IRANAULAS (optical density; OD)

1%
=

finue1IAAY 450 nm YesUFATeTIANTY
FEUINUDURLIULAS LD URUDALF Az YA
1AgANITAANTUNER ODysy y VBIENTUINTTIY
LAZFPEITIATUALABIAIURENIT 3.0 Ay
ANIAANAULEL ODysg ,y V84 blank figdin
o8N 0.16-8
N13NTITHDUAINUYNADIVDIIT
NSATINABUANINYNABIVBIIDNTINADU
ndnwalvetindutlosiulsaliniumraiueu
yiiapouinalagldinaila Indirect ELISA
Jusenismaaeuidanann (qualitative
assay) Lﬁaizqmmé’%wwwaa Meningococcal
polysaccharide Tuusiag@lsniu A, C, Y uay
W135 fiiieusiaifu Diphtheria Toxoid carrier
protein Tngsrosrunatduuan (positive)
"70av (negative) J1N15ANTUNITATIVEDU
AUYNABIYDITTIY 2 W1T1HM0T il
NIIATIVFOUAIINTUNIZVIID (specificity)

UAYANLTIBIUBTIS (intermediate precision)’

MIMAURIINZeIS WeBuduin
FRenusnzsoweufiauiisisusazeia
wWirtiu FaslsiiAn cross reaction sewing
non-target antigen iU antibody Anwlae
N9 99 NANUTNTUVDIRIBENTATU Uay
a13u1nIgIUvRAAsELINIU Wiy 1 pg/ml
ntusiiunisvageudaemaie Indirect
ELISA LAI8TUNANISNAZDUAIYNITAINT
ANMUAUNUTIENING A1 OD4sy y VOIRIBENS
HOA1LRAY OD.s, ., 84 blank ¥n1snagey

o [

$1uau 3 ade Funarisrundied (1) drega
TPTURALETUINTFIUILABEAN Ratio 11NN
7.0 (2) Non-target azdoliiiin cross reaction
SENINUBUALAU polysaccharide fuLoUAUDA

aaa '

yos8lsnudu 9 1wu MaAnUfAzensEIng
LOURLIUELINTU A siauaufivad Anti-Men C,
Anti-Men Y uag Anti-Men W135 agfnsilan
Ratio 4a8n11938lvnniu 7.0 (3) Non-target
azfpaliiiin cross reaction SEWINALBUALIY
DT carrier protein AULDUAUDAVDY Anti-
Tetanus toxoid 3gM89iiA1 Ratio Uaunin
W3 7.0 uas (8) Aads OD,s, .. V84
blank az@esiiA1tiesnin 0.1

N1SVREEUAIILLTIBIBIIT N3
nagoulneiinInszt 2 au Miludaserony
14M198193A%U Meningococcal polysaccharide
serogroup A, C, Y and W135 Diphtheria

Toxoid Conjugate Vaccine §143 1 JUNSNEN

LAZYINNISNAZDUINUIU 3 AT NARDUAITIUAY
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1P8YN15139919AUTNTUTDIRIDE1TTATU
wara1TUIRTIUYeLLAazdlIn3y Wwindu
1 pg/ml MntusiunsnageusemAia
Indirect ELISA 91UNAN1SNARBUAIBNTTHAITAN
ANMUAUNUTTLNINE AN ODysy ,,, VDIFIDEN
foAads OD,s, ., U89 blank ¥nsnagay
S 3 A% Bunasifivun fel (1) nanns
yndeUTeN AT 2 Au duBaszaariy
Fadlen Ratio Yaweeneintu uagasmsIu
DullugUuuuidentu uay (2) AaAY ODgs, -
389 blank adosiiriiosnin 0.1 uenani
MN15ATIENTOYANANITNAADUTEN I
UnAT1eY 2 Auneana Lagly F-Test Two-
Sample for Variances wag T-Test Two-
Sample Assuming Equal Variances
nsAATIEideya

sreunanIsnadeu uwlanatduuin
(positive) #39 au (negative) IABAIUINRN
{nd@IuAN OD,sp . VBIA2BE19IATUULAAY

LOURALIU ABANLRAY ODqs, .\ V09 blank A1y

gnsAuIu

. (A450 value of sample)
Ratio =
(Average A450 value of plate blank)

ilodndnuvoIA1 ODyy . VOIFABENS
RoAaaY OD,s, . 183 blank Sidsnnnin 7.0
Tissuraduuin Menunaaudiodndiu
Y8 ODygp o, VOIIDENAOANRAY Oy

994 blank dAUegnNI1958LVINAU 7.0 19U

a ! A a g | o
waURIULAazsRaMudIuUsEnaulu AT
o < A vo 1 ~ o w
goudulumunlasunisiungdousisuen

[

e

NANSAN®N
HanIsANYIEN TN ALY TS
NUITLAULIBANAMULVUTUVDIENT
primary antibody FnzausenIsVadeu
dwuloudlnulsiazdlsnuuand1eiu Ae
a15ouRvuDR N. meningitidis antiserum
group A Foadeanssysumududud 1:10,000
TuvaugAinoudaudlandu N. meningiticis
antiserum group C, Y uag W135 60139319
sedumUENTUT 1:5,000 AuaIU wazans
WOURUDA Rabbit anti-Diphtheria toxin Way
Rabbit anti-Tetanus toxin l¥d@11suns1a
ONANWalUSAUNINEAD T NTEAUAUTNTY
71 1:10,000 Faszsurdormududuvesans
uwiagviiafnan Inalnensasornisganiuue
finueniady 450 nm veaLouRILuAaz Y
TuvausiansuouRued secondary antibody
(Goat polyclonal antibody to Rabbit 1gG
(H+L) HRP conjugated) faaiioansfisysiu
1: 25,000 a'qma&iaﬂ'ﬁmi@maﬁuumﬁmmm
AU 450 Nm YeILaURLIULAaY YR wazA)
blank Tsiduluaanaeinivun Taean blank
wAediatasnin 0.1 WnliAULUTUYB
secondary antibody Vigjuﬁulﬂ avdanalin

ANITAANAULEIYDY blank HlANgaiu 0.1
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Felalwunamismue 39lianunsadasizi
nan1svnaaule
HaNISANENEN TNz aNYD 933
ANSNAFDUAIIUIILNILVYDIID
(specificity) Lﬁaw@aauﬁ’umsmmg’m
Meningococcal polysaccharide serogroup
A, C, Y waz W135 (NIBSC) Aildiiiu positive
control $1u7u 3 ads Weduduiniiiiang
FumzsaLouRlauiTINzLazYin nans
NAOUNUILDURLIULAaZ A JA1 ratio >7.0
Felnanisnaaouduuin fSausiniy

W1zadluauiaulsazyin Wuluaiunae

Fifmun wazannsvageua 3 aSe Andile
Wuldluguuuuiendu (15197 1) uaziile
nageuiumegvindulesiulsalanmdey
YUAADUINA NANITNAFBUNUIN LOURLAU
usiazuiinuas Meningococcal polysaccharide
serogroup A, C, Y tag W135 @1 ratio >7.0
WAZNANITNAADUKBURALAU Diphtheria toxoid
Fal40u carrier protein Tushegneindunui
fien ratio >7.0 @slinan1snageuduuin
fdanudnwizianzaslulaudiaulsazeie
SulUman s fvUA WaEaINNSNARBUIL

3 a33 Ao dulluguuuuidendu (s 1)

A15199 1 NANNSNABUANUTUNLUBIITNTIIdBULNANEAIUsIAT Ul ulsAlIN WA ILE U

‘Uﬁﬂﬂaugmm (Meningococcal polysaccharide serogroup A, C, Y and W135 Diphtheria

Toxoid Conjugate Vaccine) Inglgimatia Indirect ELISA

Specificity test 1* time 2" time 3" time

ODgsonm  Ratio ODysonmy  Ratio ODgsonm  Ratio

Diluent buffer 0.0788* 1.00 0.0613* 1.00 0.0494* 1.00

Positive control (NIBSC)

PS serogroup A 1.8850 23.93 1.5937 25.99 1.0831 21.94

PS serogroup C 1.5916 20.21 1.7086 27.87 1.5152 30.69

PS serogroup Y 1.8815 23.89 1.4601 23.81 1.3017 26.37

PS serogroup W135 1.8301 23.23 1.4252 23.24 1.1743 23.79

Meningococcal polysaccharide

serogroup A, C, Y and W135

Diphtheria Toxoid Conjugate Vaccine

PS serogroup A in vaccine 1.7922 22.75 1.7886 29.17 1.3026 26.39

PS serogroup C in vaccine 2.4035 30.51 2.6168 42.68 2.0133 40.78

PS serogroup Y in vaccine 1.3937 17.69 2.1645 35.30 1.6711 33.85

PS serogroup W135 in vaccine 1.9706 25.02 2.1729 35.44 1.6459 33.34

Diphtheria toxoid in vaccine 2.5599 32.50 2.4845 40.52 1.9178 38.85

*Aaduredal blank 3117 6 Vigy
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N15NAFUNISINAUAN381 cross

reaction 3¥%#I19LOUALAIU Meningococcal
. o a ad a
polysaccharide NU&ITHLIUAUIANNANIIN
FlsnFuau
| axdh A a

HAN1INAERUNUINISLLITINI5AR
UfjfiTe1 cross reaction U1u@lsnIuiu
Faazinufiservulalenisueufiaunay
waURAUBAI NIz YRIElsnIUMTuD LTIy
LiifnuAsendudlaniudu o neuanina
NSNAFBUAIL

- limunsiAnufisenseninauoumiau
Men A Aokaufusd Anti-Men C, Anti-Men Y
wag Anti-Men W135 lagfn ratio < 7.0 @lnt

nan1saasuuay Wulumiunusasinue

[ Lst time

35

30.69

~
o«
~
o~

30 -

25.99

2nd

- limunsiinugisenseninaneuiiau
Men C siolpuAuad Anti-Men A, Anti-Men Y
wag Anti-Men W135 lagan ratio < 7.0 @9l
<, < fa o
nan1snaaauluay Wulumunaeinsivun
- limunsifinUizenseninsueumiay
Men Y fawaufuan Anti-Men A, Anti-Men C
wag Anti-Men W135 lagan ratio < 7.0 gl
<, < fa o
nan1snaaauluay Wulumunaeinsivun
- limunsifinufisenseninaieuiiay
Men W135 @awauduan Anti-Men A, Anti-
Men C wag Anti-Men Y Tae@n ratio < 7.0
Feliranisneasutduau Wuldanuinaeii
Amun Jeanansadudulaiisiiinnudunzas

(U7 1)

time  [# 3rd time

sal —
Qs g
25 NS qo
k) N 7
=] | B i
5 20 | 9
i i
i i
15 i i
i i
10 | “ i
N © o ] Q]
5 : w0, o «© < 2 o N N S Nero
- |~ o0 |
. [ B 2 % | S0 MR8 Rl o
i (S oo EFO “HsSo 5O i i ole) oSO F’o
o L = B bl O BT :
> > > >
< @) 0 < ) n < @) 0 < @) n
¢ ¢ 3/ %5 %5 % £ 8§ 5 35 2 5 g% % ¢
C C g o) C C % o) C C % o C C GC) o
[} [ = = [ U = = [ [ = = [ [} = =
= = = on = = = on = = = °n = = = on
L ot = C oL L = C oL L = c o L = C
+= = C [ = = C () += = C () = += C [}
C C C C C C C C
< < < = < < < = < < < = < < < =
C C C C
< < < <

Meningococcal PS serogroup

A (13/246, NIBSC)

Meningococcal PS serogroup

C (08/214, NIBSC)

Meningococcal PS serogroup

Y (16/206, NIBSC)

Meningococcal PS serogroup

W135 (16/152, NIBSC)

Antigen and antibody complex in each serogroup of Meningococcal polysaccharide

a

JUN 1 wan1snaaaunsiinufisen cross reaction seNI19BURALAY Meningococcal

polysaccharide fiuasuauAuanNnanaNTLINTUDY 9

2156159115088 UN 31 aUUll 1: UNSIAY - LWWI8Y 2567
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N1SNAFBUNISIAAUYATE cross
reaction 5¢#1319LLBUALAU Diphtheria
toxoid NUKBUAUBAYDY anti-Tetanus

nan snagaunuInllAnUATen

cross reaction 5¥1314 DT AU anti-Tetanus
Feaursadudulainisidanudinizas
Faaziinufisenduldlanizusuiiaunay

LOURUDAT UL VDIFINUDIYINUY (FN5199 2)

A131991 2 HanN13ANYINISAAUGATEN cross reaction s¥winglaumiau Diphtheria toxoid

carrier protein Tuindudevfinvesarsuouived lawn Rabbit anti-Diphtheria toxin wag

Rabbit anti-Tetanus toxin

1™ time 2" time 3" time
Antigen
Ratio Ratio Ratio
Diphtheria toxoid Rabbit anti-Diphtheria toxin 32.50 40.52 38.85
(Meningococcal
polysaccharide serogroup A,
Rabbit anti-Tetanus toxin 0.16 -0.02 0.12

C, Y and W135 Diphtheria

Toxoid Conjugate Vaccine)

MINAFEUANUTIEIIT (Inter-
mediate precision)

1. flonaaeumnuiisswesds lny
Fns1eh 2 A Midudaszreru nanisvageu
NUIIEITUINTFIUYD LD UARULAAL YA
Meningococcal polysaccharide serogroup
A, C, Y wag W135 (NIBSC) 3if1 ratio > 7.0
Thdunsmegeuduuanndlsing Sefiinse
feaosnulinanimeaeululuguuuuidendty
wasdulumunaifidmun (13197 3) wae

deyauniiasgvinsainlagldain F-Test

Two-Sample for Variances wag T-Test
Two-Sample Assuming Equal Variances
lunsiATIERtoyaNaN1ITNAABUTENING
n3As1Ed 2 AU wudiAads Ratio ved
ansuImsgIui 4 Alsnddainnisneaeu
yaaiin AT 2 AU A1 P(T<=t) two-tail
= 0.086 FaflAannin p-value ﬁqﬁ”jusﬁ’azﬂa
Aad Ratio YosaTUIATEIULS 4 Flsn§u
INNITNAABUVDIFIATIEN 71 2 Au 39l
wansnefuegaitedfiiseruanudesiu

95% (mswﬁ 4)
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A998 3 HANISANWIAIULNLIVBIIT NAFBUAEAITUINTFIUYBILBUFLAULAAZ YT

Meningococcal polysaccharide serogroup A, C, Y wag W135 (NIBSC)

Ratio of WHO International standard for Meningococcal

Serogroup/
polysaccharide in each serogroup
Analyst

A C Y W135
42.74 41.37 43.72 39.74
Analyst 1 32.47 31.90 33.46 31.10
23.56 22.00 23.19 22.01
23.20 17.64 19.41 17.43
Analyst 2 29.72 27.67 29.84 29.25
36.02 33.21 31.59 28.19

M19197 4 NaNTIATIEveanvaifveynvoyaasunsg L Ingldadia F-Test Two-Sample

for Variances Wag T-Test Two-Sample Assuming Equal Variances

F-Test Two-Sample for Variances §ATedi 1 EIGEREY W)

Mean 32.27166667 26.93083333

Variance 68.30428788 37.68811742

df 11 11
F 1.812356057
P(F<=f) one-tail 0.169245309
F Critical one-tail 3.473699051

t-Test: Two-Sample Assuming Equal Variances §anTeid 1 szt 2

Mean 32.27166667 26.930833

Variance 68.30428788 37.688117
Pooled Variance 52.99620265
Hypothesized Mean Difference 0
df 22
t Stat 1.797058747
P(T<=t) one-tail 0.043034681
t Critical one-tail 1.717144374
P(T<=t) two-tail 0.086069361
t Critical two-tail 2.073873068
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2. vilannaaunAiuiissnesis
Tnoginsie 2 au Aidudaszrotu nans
NAABUNUINFIDE19IATU Meningococcal
polysaccharide serogroup A, C, Y and
W135 Diphtheria Toxoid Conjugate Vaccine
fian ratio > 7.0 Tiiun1sneaeuiduuan
NnTL5tn wagkouRaY Diphtheria toxoid
lusegeiadu wuindean ratio > 7.0 Tidu
nsnagauLluuIn LLasﬁﬁLﬂiwzﬁﬁgﬂaamu
Tnansnaaeullusuuuuideaiu Faduld

sa o

ALLNUTNAMUA (15799 5) waztteya

WIATIEINeadalagldaiia F-Test Two-
Sample for Variances wag T-Test Two-
Sample Assuming Equal Variances Tunns
WATNTOYAHANTNABUTENINTNUATIEN
2 AU WUALRAY Ratio vaieg s indy
7 4 Flsnfanmameaeuvesiniiasezs
1 2 A i PT<=t) two-tail = 0.6573 Fedlein
1N p-value dstudayarade Ratio
YosETINIFIL 4 TlsndUainnsnadeu
vosffiiazring 2 audvhiunndnatuegng

N v [

THeAANTEAUANLLTDIY 95% (AN51971 6)

o

A3197 5 NANIANIAUNBIVETID NARDUAIRAIDE19TATU Meningococcal polysaccharide
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for Variances Wag T-Test Two-Sample Assuming Equal Variances

F-Test Two-Sample for Variances

va ¢
HAATIEN 1

szt 2
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Variance
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F
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36.914

74.10058286

14

1.913113959

0.118567124

2978587524

38.144
38.73296857
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t-Test: Two-Sample Assuming Equal Variances
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74.10058286 38.73296857
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28
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2.048407142
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(% [ a

UftRns orfemdnnsweudiauiiauladuiu
LouRuefTd N IRaUFRTeIT ey
LagnTIviANaNIIAGEUMeLATa AN
aandukas Janunzdmsuldlunisaiuay
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