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Abstract

Background: Cell substrates are used in the production of vaccines, which must be quality
controlled in accordance with World Health Organization requirements. Detection of bovine
adventitious virus contaminants in cell substrates is one of the important item tested to confirm
that the cell in the production are not contaminated by bovine virus. This study strengthened
the laboratory’s capacity for characterization and quality control of cells so they are able to
be transmitted to Thai domestic vaccine manufacturers and provide quality inspection services
for Vero cells used vaccine production.

Objectives: The purpose of this study was to optimize and validate method for the detecting
specific bovine adventitious viruses in Vero cell substrates. This method was used as a standard
laboratory method for testing the quality of Vero cell substrates in vaccine production.

Methods: The optimal conditions of three analytical techniques including cytopathic effect
(CPE), hemadsorption and immunofluorescence assay (IFA) were investigated. In addition,
validation method study was performed on the parameters of specificity and limit of detection.

Results: The results of optimal conditions showed that the appropriate cell numbers of bovine
turbinate cells (BT), Madin-Darby bovine kidney cells (MDBK) and African green monkey kidney
cells (Vero) for CPE formation were 1x10°, 4x10% and 4x10% cells/mL, respectively. CPE results
were consistent with those of IFA, except REO-3 that did not cause CPE in BT cell, but the virus
was detected by IFA. The hemadsorption assay was positive only by BPI-3 and BPV viruses.
The developed methods were specific to five specific bovine viruses and the lowest viral titers
for those bovine viruses were 0.01, 0.1, 0.1, 0.01 and 0.001 CCIDg,/mL, respectively.
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Conclusions: The optimal conditions and validation of detecting specific bovine adventitious
viruses contaminated in Vero cell substrates were studied using three methods including CPE,
hemadsorption and Immunofluorescent assay. The results found that all three methods were
able to detect specific bovine viral contamination and met the acceptance criteria. The standard
method for detecting specific bovine adventitious viruses contaminated in Vero cell was
obtained to assess the safety and purity of the Vero cell substrates used in vaccine production.

Keywords: Vero cell, bovine adventitious viruses, indicator cell, method validation
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wadiziaeils (Vero cell) ilhugad
ffputhuldndatadutosiulsregiaunsvaty
Tneamzintuilesiulsainanannitolada s
Segudlosiulsalain-19 Mldwadinzidedils
TumsiinSinandelya dmsundaueuiiau
Tutndu Tnewadmeidedlsduwadilaanla
V998UV eNIAU (African green monkey
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Gunildlusronsnsamidelhfaluidoulused
wnziAedils dwiunaaeunmuamesead
wnzEeellunsnan Feuneuntsiu3inn
wadinzdasaieldanueuiauluiady avil
M314@5u91n 1 (bovine serum) Wusduszneu
Tuomsiasamad shliAnarudssdionatinig
Vuidouveadelhdafiunantals
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anunsalunisiiinsuiuvendelifaluwad?
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mnuRaUnRveTadudInsAnde (Cytopathic
Effect: CPE) matfnUiseinefnvoadadonuns
UuRwaa (hemadsorption) wagn1snageu
wauRveATis e AudelTadmatinduyly
WgeeLsawwus (Immunofluorescent Assay: IFA)
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2. WieliduiSunsgunaiesufiinng
lun1sesragunngadmiziderilsnldlunig
AR IATY

521 08UI5N15798
BGRRL)

Wun153dedannaess taglddaetna
wadzIAeT Vero Wudhunureugadineziaes
AdlunsnanTATy Ildssasfiusuiy
Aeluandudning nsuinermansnisunmeg
Tagldiwaa indicator cells 3 via lawn Bovine
turbinate cells (BT; CRL-1390, ATCC) Madin-
Darby bovine kidney cells (MDBK; CCL-22,
ATCC) wag African green monkey kidney cells
(Vero) wdiaifienfiusuwaailalunisnanindu
(Vero same sp.)

FuneUANSANEN

1. Yhdheghamadineide Vero funy
wadeassildlunisranagusfinsuiu
wdUsulitianududureswaduseann 1x10°
cells/mL Y3u@s 20 mL druinligadunn
TnewfuliTlgnmgd -70°C fidl¥auufest Ussnn
1-2 dlas Anduthunaranslugisiauey
Qqu:ﬁ‘ﬁ 37°C Tngviunou freeze-thaw cycle
§1uau 3 59U thundurnmazneud 1,200 sou
foundl uu 5 wit udfuenzidnead
(cell lysate) sutsussalunasadmiuiiu vunn
15 mL Ysunsnaenaz 3 mL dnsutldle
Tunsasrammsluidoudeldaisimzant
Tuwad Vero

2. WRpLRdITIAES indicator cells
drnsuldlunisneasu lneiisieaziduno1ms
WA eas fad dmsuwas BT 1oms
L??H&L%aa;é’%%ﬁ]gll Dulbecco’s Modified Eagle

Medium: DMEM (Cat No. 30-2002, ATCC) #lifiu
10% Horse serum (Cat No. 30-2040, ATCC)
dmuiad MDBK THomnadsusaddniagy
Eagle’s Minimum Essential Medium: EMEM
(Cat No. 30-2003, ATCC) Ay 10% Horse serum
(Cat No. 30-2040, ATCC) dusuwaa Vero same sp.
THomnsidsagaddsazy Dulbecco’s Modified
Eagle Medium: DMEM (Cat No. 30-2002, ATCC)
filAiu 10% Fetal Bovine serum (Cat No. 30-2020,
ATCC) wazsinisiniziaes Indicator cells
wiagwialunanadvnm 25 cm” vliaay 2 anan
Tneiwiseanead BT $1u3u 1x10° cells/mL USums
5 mL wad MDBK f1uau 4x10” cells/mL USunas
5 mL wagiwaa Vero same sp. 4x10" cells/mL
U31as 5 mlL wdalutiiideuimnedegamad
37°C wuuld 5% CO, wn 16-24 7l

3. wasuideladannsgu wielfbungy
AUANUAN (positive control) MHidelasamsgy
S 5 ¥ia ln Bovine Parainfluenza virus 3
(BPI-3; VR-739, ATCC), Bovine Parvovirus (BPV;
VR-767, ATCC), Bovine Adenovirus 3 (BAV-3;
VR-639, ATCC), Bovine Viral Diarrhea Virus
(BVDV; VR-534, ATCQ), uaz Reovirus 3 (REO-3;
VR-232, ATCC) Tagvinn15t39919 idAA1 1165
100 CCID,, /mL

8. pseunsuuioudelsaisume
ynhlumadmnzdedls e 3 Fanngou loun
nMsasemANLAsUnAveusadndin1sinde
(CPE) msmmaufisenmainzisveadindonuns
Uihwadiinnde (hemadsorption) kagn1snagay
weuRveRfis izl fademaiaduylu
vigoaisalsus (IFA)

5. A5AMNANURAUNAVD ITAA AT
nsinde Tnethiedeidsasad (cell lysate)
yosiogaadngdesilsfiiulifgumgd
-70°C anazanefigamadl 37°C ntuinasly
Ty Indicator cells % 3 %l 1&ur 1wad BT, MDBK
LAz Vero same sp. 9 16-24 Falas ldisdenild
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T90Und) Usineswananiag 2 mL dmsuanan
S unguaruauauliifnemsidonead
Nsunu nduilvveiigoumnedegungd
37°C wuuld 5% CO, uu 2 Falus leasu
faruaan emsiasueaddmsu Indicator
cells wiazviia U3inas 3 mL wdihluvaiigou
wazL%uaqmmﬁ 37°C wuuld 5% CO, U 7 Ju
syinilfunanisalivdsuulamwenvadneld
nfesqganssainniu Wensuimuanandsthied
Indicator cells TuMsMAaBUYALTNTITad
unnlnevii freeze-thawed S1uau 3 ade udadu
ANAYABUT 1,200 SOUABLTT WU 5 Ui 1iuamy
dnlladioilumsiam CPE lusoudl 2 Faviinns
NAABULIUAEINUNITNAABUTOULSN FI8E1
cell lysate Gslgannsviliwadunnlusaudi 2
ilaghlunsaam cPE luseuil 3 Svhmameaeu
Tumandmiumzidsneadiuu 6 vau (6 well
tissue culture plate) Fadl Indicator cells ¥finay
1 wan lnensunsnaaeuliminnisdnusadnie
PBS() U3aas 3 mL rieu 1 A%y udiduiumeths
cell lysate Ailganmsiliwaduanluseudi 2
U31195 1 mL asld 97u3u 2 vigu deviinves
Indicator cells dm¥unguilidunauniunuay
Tldomadsnsadilauny uasnquitdundu
mvauanlfdndelYaunigu Ineidude
1254 BPI-3 Gartunisideanslifidiminuuss
Uszaad 100 CCIDg, /mL iauag 1 mL Nty
ihldufigouimeitogamgl 37°C wuuld 5%
O, wu 2 s oasurmuanan e
Aeaadd sy Indicator cells wiazeilnadlusn
3 mL ntuthlutsfigeumzidogamgd 37°C
wuuld 5% CO, w7 $u sewinsilenunanis
nageunelinassganssaunniu lnemnlyd
natin CPE Tidudinuarduau uaymind CPE
Trtuiinuatfuuin uaziiead indicator cells
usiazaiia Befananzegfitaninesmanvadoy
wlunsaufiseinisinizinvaudaifonuns
vuiigadiinndeseld

6. avUiisemsinzinvesdindonuns
VuRwadTiRne (hemadsorption) Ineniwad
indicator cells uiazalinfik1uN1T057991 CPE
Feoglumandmiuimziisasaduuy 6 viau
1VIN1TNAFIURBAIID hemadsorption lag
ANHMTadAI8 PBS(-) USRS 3 mL waLfiu
a1sazay 0.5% (v/v) Lindeataslnueauiu
dindonunsemynzin vquay 2 mL lnguus
1 YANVAAaUYeeas indicator cells Wsiagiin
ihluunfigamgll 2-8°C dudn 1 yaunlii
aaumgiivies 25-30°C w1 2 Hlus Wleasurmun
VaLNaNY PBS(-) USunsvquag 3 mL
$1uu 3 A%t udnhlusuransmngouneld
ndosansiat lnovauiiAnuffzennsinzin
voufladenunsuuiiwadandeliduiinua
Wuuan wazmnlafinsinsfnvesdndonuns
Tidufinwatduau

7. nadeueURveRTis e fudelta
shomadaduylungesisaisud (FA) Tnefineurin
N1INeEaU IFA 1nd9e18 cell lysate 21nn19
59w CPE luseud 2 Fehumsiliaadunn
Taevh freeze-thawed $1uau 3 ads udaduan
aznaudl 1,200 SoURDUIT W 5 udt Ul
A3 CPE saudt 3 lumaninzidoneaduuy
48 wiqu neasimteaae PBS() Usunns
1 mL udufudoghanindessad uquay 1 mL
mmfuﬁﬂﬂﬁuﬁé’amwwL%aqmmﬁ 37°C WU
19 5% CO, uu 2 Flus oasuiivuaiian
Wiomsiasaeaddnsu Indicator cells
wiiazadn Usuas 500 pl wdahluundigou
wzidognumai 37°C wuuld 5% CO, w1 7 fu
dleasusvazanliiunmageusie3s IFA Ty
smeadaay PBS(-) USinsviauag 500 pL
Wa91NT fix Wwaarae 80% cold acetone
Usnnsvauag 100 pL wdnumanluvsiguiuds
gaumgil -10°C fia -20°C w1y 30 wnit Woasy
12871199 80% cold acetone uaasalviinan
wiksaiin Jumoudaluifnueufveniinnaain
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sheansiFosuaslgosisaleust (FITC) efiany
unsidelYausavedn teun BPI-3-FITC
conjugate, BPV-FITC conjugate, BAV-3-FITC
conjugate, BVDV-FITC conjugate ey REO-3-
FITC conjugate lngifiniausvedviauay 100 pL
udnluvufgumgil 2-8°C Uty 18-20 Falas
dleasunafdaueufived wavdedae PBSC)
UT1n5vquag 200 Pl WageIUNANITNAFDY
neldndesganssaingoaisawu nniins
Seosaddultenliiuiinuauin wagmnlad
m3si3esiasliduiinualuay

8. ATIVHBUAUYNABIVBITT LAE
s els (specificity) Tnsnsaaidielada
5 oila [éurl Welasa BPI3, BPY, BAV-3, BVDV
way REO-3 fiiunisiieandyididnnuusog
3811719 10-100 CCID,, /mL uLiy (spike)
adlusiegis cell lysate YoaadLAsals
gn3dIu 1:10 fmﬂuummaamﬂswmaumﬂau
ATUANUIN ( mjahiawLaamqmammmmmaa)
NEUAIVANAY (fhanzemsiaoaead) uaz
ngudegna cell lysate Taswadinziandils
aisinng spike Wolisa lneinasinsmagou
3l fhogns cell lysate voumadnzLanils
fifinns spike 1ol Saurazaiindosmsiany
msduiouveadelia Tnemsrany CPE 73
Snwarsumrvendelafaty vuiivenead
wiaesiidu indicator cells nideliuauan
Tun1snedeu hemadsorption WIBlANAUIN
lunsnaaay IFA LWLAEINUNGUATUANUIN
dunguAIUANA Lagngudiags cell lysate
vouadieasilsfiliiingg spike Weolaya
sosldnwu CPE wazlinaavlunisnageu
hemadsorption wa IFA WudgliunguAuANay

NTTAIIAVDINITATIANUVDIID
(Limit of Detection: LOD) TneningelaSaiild
dwsunguenuauuan laun \@ela%a BPI-3, BPV,
BAV-3, BVDV wa¥ REO-3 41399190 8019%15
Aagadlitaruuse 7 0.00001, 0.0001, 0.001,

0.01, 0.1, 1.0, 10.0, 100.0, 1000.0 CCID, /mL
thamaseuisuidisuiunduaiuauay 9t
1A LOD 91N58FUANLLIIAEATIANLNTD
pamnumsduidonventehsa nedesanse
asamnumsUuidouldanmany CPE vielina
vInlun1IMAEU hemadsorption %38 IFA

NANTSANEN
MsWauEesamsUudeudelna
Fsmzantluwadiniziasls Iaeld
indicator cells 3 ¥in A waa BT, MDBK way
Vero same sp. tamadeumsindelifaants
5 %iln 1Al BPI-3, BPV, BAV-3, BVDV Way REO-3
Tneldnsmsramidelnda 3 33 1ud nsasram
CPE nMsvnadaunsiiaufizenizfinvaaiia
FoAUAY KAZNITNAFOULBURUBATITLINZ U
Fela¥amemaila IFA nansANYINUIIE LY
\waa BT, MDBK lag Vero same sp. Fngay
dmsunisnagounisiin CPE Turlananauin
25 ML TUALAT USU1RS 5 mL fe 1x10°,
a4x10" wag 4x10" cells/mL MU wazd1uI
\waa BT, MDBK lag Vero same sp. Fngay
dmiummagaunsiia CPE Wag hemadsorption
Tumanvageu 6 Mau Usuns 3 mL #e 6x10°,
3x10" wag 3x10° cells/mL MUAWU Warduu
\waa BT, MDBK Waz Vero same sp. Pornga
dnun1Imegaun1Iagaunsin CPE Lay IFA
Tuwanmagou 48 viau Y3u1ms 1 mL Ao 2x10°,
1x104 wag 1x104 cells/mL auaeu
HAN1IATIVADUAIIUYNHA DIVBIIT
TuN15ASIERUAINTLNIZIBIIBNITATIVEDU
mstuitoudelhiaisumzaints wui 3 3
nagoudulumaunasifirnun Tnen1snsiam
CPE Tushoens cell lysate iiins spike Welada
aslU @usansranunisiin CPE fisldnuwae
Sumgluwad indicator cells feil Walada BPI-3
wu CPE 1w indicator cells %4 3 ¥fin 13ela$a
BPV wu CPE tawwluiwad BT iWelida BAV-3
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wag BVDV wu CPE Tuiwaa BT way MDBK uag
\Wol¥a REO-3 wu CPE luiwad Vero same sp.
waz MDBK (1wl 1) §snsasraniielaa
usazvilnlagldiwad indicator cells SuJuding
wunaiia CPE Tulaa indicator cells agnstioy
1 9iipan 3 v ieduduidedisdinsuudou
Welh%a luvaiiidnegne cell ysate Aldliinns
spike \Wala%¥a waznguaiuauaulainy CPE
Tuwad indicator cells %14 3 %dn

WVero same sp.

Megative
control

HANTIATINABUAINGNFBIVDIBIUNNT
MTIVFOUANUTUNIZUDIIS hemadsorption
Wuiniegns cell lysate 7ifinng spike Folda
Tinan1snaaeuiduulniies 2 wila Ae BPI-3
Tnauanluwead indicator cells 1 3 wila uay
Wolda BPV Inavanamzluwad BT luwaeil
o819 cell lysate Alaifinsiiudelda was
nauauaNaulinantsnaaeuduay é’qgﬂﬁ 2

JUT 1 wan13m53an7 CPE T Indicator cells wilasineq 1USsuLiiguiu Negative control
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JU#1 2 namssaUfisennisinizinvendinben
UAUURILEAATIARLYE (hemadsorption) Tulsaa

LAy Indicator cells

YE9): a A Vero same sp., b Aa BT, ¢ An MDBK

uae d Ae Negative control

HANIIATIVABUAIIUYNABIVDIITLUNS
ATIEDUANNIUNILVDIID N TN ULDURUDRA
fsumnziudelidasemaia IFA e
cell lysate #iiinns spike Weli3alvansnasoy
Juuinaenadastiunsiia CPE Taewdlonanis
nAdaU CPE tWuuin agnuiman1snaday IFA
Duvindewduiu sniudelada REO-3 liwy
CPE luwwad BT udnsranuidela3aldaeisnis
ydou IFA faguil 3 Tuaisiidnedna cell lysate
flaifimadndeli¥a wasnquamuauaulinants
naaeutduau

HAN1IASIABUTATNAVDINITATIANY
(LOD) wui ela%a lur BPI-3, BPV, BAV-3,
BVDV Way REO-3 Tﬁmﬁwqmﬁmmwﬂé’ 0.01,
0.1, 0.1, 0.01 4ag 0.001 CCIDg, /mL AsFFu
lnefn®191NA1SNAFDUNITASIANT CPE,
hemadsorption wag IFA %Qizﬁumﬁﬂqmﬁ
annsansanumstuitowveadsladauiinms
Tuumag indicator cells wazwsazs1eNISNAZEU
Fam15197 1

JUN 3 HamIsnadeULeURvaRNT i uTelITa
mumnaila IFA
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= N o w & & v a1 .
A5 1 NANINTINEBUTAINATEINIATIINUNMTUUUoUTBUelSauiinge ¢ Tu indicator cells
ufaziln WenAaaun1eIsn1I1TIaNT CPE, hemadsorption uag IFA

L o Ly v
Arvgafinsaanualida (CCID,, /mL)

154 Indicator cells
N19M393%1 CPE hemadsorption IFA
BPI-3 Vero (same sp.) 0.1 0.01 0.01
BT 0.1 0.1 0.1
MDBK 0.01 0.01 0.01
BPV Vero (same sp.) - - -
BT 0.1 0.1 0.1
MDBK - - -
BAV-3 Vero (same sp.) - - -
BT 0.1 - 0.1
MDBK 0.1 - 0.1
BVDV Vero (same sp.) - - -
BT 1.0 - 1.0
MDBK 0.01 - 0.01
REO-3 Vero (same sp.) 0.001 - 0.001
BT - - 1000
MDBK 0.1 - 0.001

a
RIMIERET
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Helawandun (Mycoplasma sp.) MIATIVNEDY
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