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Abstract

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

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

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

Results: The results showed that the accuracy, precision, and robustness met the acceptance
criteria. The specificity result of the method was compliance with the standard. The linearity
yielded the correlation coefficient (r) greater than 0.99. The LOQ ranged from 1.72 to 880

22 THAI FOOD AND DRUG JOURNAL Vol. 28 No. 3: SEPTEMBER - DECEMBER 2021



mLf/mL for DT and 0.07 to 550 mLf/mL for TT. The range of DT concentrations was between
3.44 and 110 mLf/mL, while the range of TT concentrations was between 1.08 and 34.50
mLf/mL.

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

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

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

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

Yadusuiisl diphtheria uag tetanus
1N1IAIVANANAINAIUAINLTY AUUaaAAY

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

% [ 3
MUIveasn

1. \flemsr9aeumnugnieuesitnga
Anneisgdunisgaduresiiontesdidenafiu
uawitengesiifeunanssluindurumomaia
Sandwich ELISA

2. vielfiduitunsgilumnsvaey
AMAN Useandaw UsgneunstungiDouen
waznaun1sI M Induusaz Iy

52 08U3TN1538
/N5

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

ydsnturhmsiengiUinaueufio
¢1e38 Sandwich ELISA Gsendeufizennisdu

24 THAI FOOD AND DRUG JOURNAL Vol. 28 No. 3: SEPTEMBER - DECEMBER 2021



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

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

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

#1501A35 U

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

Coating buffer (pH 9.6)

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

Phosphate buffer saline (10X PBS)
pH 7.4

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

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

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

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

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

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

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

Rabbit-anti-mouse IgG HRP conjugate

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

1N HCL

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

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

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

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

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

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

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

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

nsnagauaUudunse (linearity)

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

Inanalun1sInTsusunal (Limit of
Quantitation: LOQ)

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

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

Wae (range)

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

N1INAFBUAIUINNIE (specificity)

JunsmegeumuUSinauauiiaudimg
Tushegusasyin evaaauausInIzves
F83um51ef Inemedeuiuiaoge feil

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

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

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

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

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

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

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

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

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

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

NANTSANEN
nsasavdeuaultliveeds
nan1snaaaUAML AT LansAn
ODysp - TFUIA UM US I LB LAY
DT uay TT luusiazgamundudu wazaade
A1 SD %CV Lag %RE lagnsiianudunus
5¥NI19AT ODysp 1y HAEUTUIULDUALIUYDY
DT way TT hansA1 goodness of fit with a
coefficient of correlation (1) Wwasa1nnT I
usiaztE@ulayiniu 1.000 LagANUEURLETEINg
USinaunouiiauiinands (nominal antigen
concentration) kazU3uaueuRauTRwsziAls
(back calculation) @wnsutousiau DT faAn
coefficient of determination () winfiu 0.9967
Faguil 1 luvazfwoudiou TT fidh /~ wiidy
0.9986 ﬁ&gﬂﬁ 2 FadonAd0InLLNUT LA
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2,000

1,600
y = 0.9562x + 0.4073

1,200 R? = 0.9967

800

NC (mLf/mL)

400
BC (mLf/mL)

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

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

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

600

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

300

NC (mLf/mL)

200

100
BC (mLf/mL)

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

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

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

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

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

12
Diphtheria toxoid standard
lle—Tdap sample

TT standard

o

o == = In-house PT standard

S/N ratio

= e == |N-house FHA standard

= wmiem = Dilution buffer

UL T L LT

= e)gm == Desorption solution

0 25 50 75 100 125

Antigen concentration (ng/ml or mLf/ml)

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

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

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

S/N ratio

em—f—Tetanus toxoid standard

20
el Tdap sample

15
DT standard

= «@= = In-house PT standard

—
o

o e @ IN-house FHA standard

@ wwtes « Dilution buffer

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

Antigen concentration (ug/ml or mLf/ml)

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

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

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

Sample name Spiked  Back calculation % Recovery

Sample name Spiked  Back calculation % Recovery

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

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

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

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

=\
anUsEHa
v A ¢
Tadusmnilesnlsznauves DT waz
TT Wuiadufinanain diphtheria toxin wag
tetanus toxin AINEIRU BN lAuNAgNSae
answaiinanendu toxoid wazii toxoid NUEND
wénly adsorbed fheasiasugws (adjuvant) viin
aluminium salt Felddmivasiuasugiiauiu
< 9 = 1Y)
wislglunisesiulsarefutazuianzdn
MINTIIABUANUYNADIVBITS (method
validation) ¥043531A5 181 5EAUNTAATUVDS
MongesmTonefiu waziongosmaouinngdn
Tudatuseeds Sandwich ELISA Nansvngeu
wundulumuinasidvualunnnisfives
Fauanslifiuin angivhnsane dnau
gnABIgaN ansnnunldaluANAMAIN
JATUSIN tetanus toxoid, reduced diphtheria
toxoid, recombinant acellular pertussis vaccine
(Tdap) tialglunsniaussdiununnipdusiy
Tuuszmalng Inganunsausedivnaninlona
USunauwaudau DT, TT tuniag Li/mL wagsesu
@ < ¢ & a . a
N13gATUTBIaNTREALtaAaAy (DT antigen)
< ¢ & Y . 5 &
wazhkazyangaenauInnzdn (TT antigen)” Al
adjuvant Tuniae degree of adsorption (%)
o o - e e
wazanITauImannsnITIaTzRilyusule
Tun1smsEaunsgadureILeURARUYTNDUTN
adsorbed MmeasiaiNgnssia aluminium salt
Tuindudu 9 wieldlunisaunuauninle
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winesiansandelTinaueuiaulundag adu
fupnsnsfunugULuUNsHARLALANSANY
nupdlndwalidorimuan1snaduvesuauALIY
vuergiidoududeimundidumzvesusiay

@ a

HARSe (product specific) MuNERanTEylT

dyuna

Fhaneiszdunsgeduvesfiontess
WonefuuazuianednluIafusandes Sandwich
ELISA gnansadunliluiBnnsgulumsiasz
U3ua OT uag TT ludndu iieldlunismunu
aanmiadululszmalneneuiaydming
idlevumaaeusziunisgaduresfionsesd
Fomefiuuazuinngdnluiadu Tdap findn
Y. 2562 way 2563 Henszaunmsgeduduly
puteimuanasguvesudn uasdoyadild
Wusylevdlunisdudununiniadu TdaP
lludszinelne

AnRNSINUTENA
Y0aUANANTWIATULINR (839ANTS
) filduounuativayulasems uazveveunms
uiun lulewm owde rin lun1sarduayusegn
Faduiitelilunismaaey
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