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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 - -

74
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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)

2156159115088 UN 31 aUUll 1: UNSIAY - LWWI8Y 2567

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
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