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Real-Time PCR for Quantitative Detection of Bovine Parvovirus during Manufacture of Biologics. Lee,
Dong Hyuck, Jung Hee Lee, Chan Kyong Kim, Tae Eun Kim, Jung Eun Bae, and In Seop Kim*. Depart-
ment of Biological Sciences, Hannam University, Daejon 305-811, Korea — Bovine blood, cell, tissue, and organ
are used as raw materials for manufacturing biologics such as biopharmaceuticals, tissue-engineered products,
and cell therapy. Manufacturing processes for the biologics have the risk of viral contamination. Therefore
viral validation is essential in ensuring the safety of the products. Bovine parvovirus (BPV) is one of the com-
mon bovine pathogens and has widely been known as a possible contaminant of biologics. In order to establish
the validation system for the BPV safety of biologics, a real-time PCR method was developed for quantitative
detection of BPV contamination in raw materials, manufacturing processes, and final products. Specific prim-
ers for amplification of BPV DNA were selected, and BPV DNA was quantified by use of SYBR Green I. The
sensitivity of the assay was calculated to be 1.3 x 10" TCIDsy/mL. The real-time PCR method was validated
to be reproducible and very specific to BPV. The established real-time PCR assay was successfully applied to
the validation of Chinese hamster ovary (CHO) cell artificially infected with BPV. BPV DNA could be quan-
tified in CHO cell as well as culture supernatant. Also the real-time PCR assay could detect 1.3 x 10° TCIDsy/
mL of BPV artificially contaminated in bovine collagen. The overall results indicated that this rapid, specific,
sensitive, and robust assay can be reliably used for quantitative detection of BPV contamination during manu-
facture of biologics.
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de] vl ceksht, Afrell FEELE 53 AA Q)
oA FEH YA e] FHe dEA 2 vlelgaF
2] 3= Bovine parvovirus(BPV)e]t}h. BPV AellA] A
At} 337) F4E& sk, fARS sl A9 9l
t}. o] H}o]g] A= Parvoviridae #2] Bocavirus <ol 43}
™, 5491704 nucleotideZ- ZY:= linear single-stranded
DNAE FA= e 311, 3719 open reading frameS ZH3l
e £F| XA vlo]2] 2 (non-enveloped virus)©]TH6]. 4
of| Al BPV &A1) A A} Aol o3pd HAH 70%
o]4o] WS viEh AL 9le] BPVA Ael|A Thddt ulolz]
298 o 5 S92, 26, 28]. & ool = BPVZ} ZdE At
#7F B3 gle], MEmoke] A8 EAZE AMEE Y
Aol 248 71sA ] ivH29]. whelr] BPVE AJEo|okE
I 2AFEAA|, AEX8AS] 82 AMEE AfE o
A, AE, 23], 7|F Tl £9E 4 U: HFEAQ vlelE
2x0|7] wfFell, elAlell AAAH] 3 5= A A
AR5, ZR) A Q] s 840 shte]o),

BPV AL 2 & A A4S Ha8) Ads]e]
kot BPV ZAEAHH o2 gAY EAlsle S HE
s AFIAEES 7Y"Y AETE AN 878
"S- A& (haemagglutination assay)e] 21tH?2, 26, 28]. ©|&
g Al AZE ulo] we] 5L, Y17t xe} Solxr}
ol 2= - o] 3o, WELFE A FoA BPV
2 AFHE A gsh=d ofelgo] vt Hel AEF
F54 22 FAA|, A ZX BA AN WA == <=4 9
3 nlellxe] AEE A AIFHLE WFEe} Bo|xr}
48 FHEA A9 (polymerase chain reaction; PCR)
< 383 AR FFe] 28 FEH Y34 =
g real-time PCRE o|-4-3le] wlo|ine] Ak Ea]) nlo]
22 AA ZAF AFEE A AEY #3H Q) AlRET
ATH7, 19-21, 30]. 3kAI%F A|F7kA] PCR WS o] 43}
o BPVE AFH 2 ZHEsaAl s d7= ZPH v}
7} =

2 dellMe fEl 24S Y82 e AR, =
Z1F3AA, M ERBA SelA BPV IS X $
3, U824, AZFA, A BPVE AFH2= A
2313, AlZFANM BPV AlA HE5E 9% Aldges 3
4] 7Fedt wiztee} Bo|x=r} 9573t real-time PCR A3
e FR52A) skt =3 E999 real-time RT-PCR A
FS gasle cl9ix o= BPVE 7A17] CHO HIE9}
el FebllolA BPVE A 22 FEdte nlolga
A AHE Aoz B8 /sAE sl

M2 oy

BPVS| g o B
BPV(ATCC VR 767)%] wiokst AeS 9Js] EBTr A&

(ATCC CCL 44)5 AH&3lglc}. EBTr A ZE 10% S84
(Gibco BRL, USA)S %713t Dulbecco's Minimun Essential
Medium(DMEM: Gibco BRL, USA) wj=]e] wf ek3}s3c}.
T-150 flaskell ¥hofd b3 AlZel] wlolelad HPAIRL F
F71H o2 N 29 H EH(cytopathic effect: CPEYE 23}
%t CPEZ} ®WwisAl &2 € o wjfls} A28 AT
o, 400 x goll M 5E7E QA Heldl] AL ujR RO
I pellet> A etsliet. Pelletd T4 A S 23]
uhE3le] wha gk & 400 x goll M SE7E A BElEl A
Ng A%t YA AeH-S E38E F 045 pm filterZ o
F3t o Aste] -70°Ce] EAsigict.

BPV] S 918 A e viela2d] titers 50%
tissue culture infectious dose(TCIDsp)Z- YFEF 1l BPV
2 29, $84< 715 DMEM WA 2 T2 34 5o
24 well plateell WioFd A Eol| 0.25 mLA HF3)ch 24
Y zFo 2 AEaeulAE 025 mLA AEIG 1 F
CO, #7101 5% CO,, 35°CE. wioFsha] ALH oz
Hu|7 e 2 CPES &l

Primer2| M#

BPV RS- SE3p7] $8) AH-gt 28|23t primer A
714192 NCBI data baseol] 2. 31¥ BPV complete genome
(NC 001540)& 7]%2= Primer3 SoftwareE ©]|-8-3}e] vz}
Ql3}sdch(Table 1). Corbett ResearchAH(Australia)?] PALM-
CYCLERE °]$-3 dut PCR ¥H&& %3 Hxial 3
primer 59| 5048 #1133, annealing temperature2}
MgCl, 352 W27 PCR 22L& FA sl =3t 3
Z3 DNAZL B 3hs AREQIAE #elsl] $13ke] PCR
product®] DNA sequencingS AIA3}AT}.

BPV DNAX GENE ALL™ Blood SV mini Kit(General
Biosystem, Koreays AMg3led Felsldtt. PCR HH-S 44
Blo]l 3 A genomic DNA 2 puL, 10 pmol forward primer
1uL, 10 pmol reverse primer 1 uL, 2X GoTaq®Green
Master Mix(Promega, USA) 12.5 uL. &80l Nuclease-
free water 8.5 uLS 37}sl] FHEHINE 25 plLE 259
o}, AALEZ-2 pre-incubation 95°Cell A 2%, denatura-
tion2 95°Cell 4 30%, annealing 30%(annealing 2= 3
HEE 9s) 48°C, 50°C, 52°C, 54°C, 56°C, 58°Cel|A
PCR 5°3)), extention> 72°ColAM 13292 3}od 40 cycleS
5305193}, 40 cycle PCR ¥ 72°Coll A} 58 wh-gA17] &
1.5% agarose gel(Sigma Co., USAYS AM-3le] 100V A$t
22 308X E A7]%d53 F ethidium bromideZ. 343}
PCR HRGARES Elaigle)

Real-time PCRZ O|&8t BPV DNA H&
BPV®] AaRE- 918 Uk PCRS B3 33€ PCR 27
7]%3=. AccuPower Greenstar PCR Premix Ex Taq(Bioneer,



Korea)s AME-3le] real-time PCR #7218 #=]3leit}. BPV
S 98] Corbett ResearchA}(Australia)®] Rotor-Gene
3000 real-time PCR 7|A & A}&-3}9v}. PCR ul-&-o).2
AccuPower Greenstar PCR Premix Ex Taq 12.5uL, 10
pmol forward primer 0.5 uL, 10 pmol reverse primer 0.5
uL, template 2 uLell BE 33} SH75E Wol £ 25ul0)
=HA stk #AREZE-L- pre-incubationE 95°Ce| A 1,
denaturation== 95°Cl|A] 10Z%, annealing> 203 (annealing
25 HH 35 e 50°C, 52°C, 54°C, 56°C, 58°C, 60°C
oA real-time PCR 43)), extentionr- 72°Col|A 20%%. &}
of 45 cycleS FA3IAT. =HA P cycle Foll= ZE wg-
ol i3] 72°CHE] 95°C7HA] ol 4] melting curve %-
Me NS H7 MeCl $EE ) sle) 243}
3 annealing &%= 52°Cell 4] MgCLE 2 mMolA 5 mM7}
2l ¥ 3tAA A7e)E BPV DNA F 2o w2 crossing
point 215 Wit}

Titers ZA 3124} 3l A1353 7 Titew} 1.3 x 10°
TCIDsymL3] BPVE 3422 1.3 x 107 TCIDsy/mL7HA]
105274 3 A8k F real-time PCRS 33t A2 913k
FETFAS A A& So] E<18)E BPV DNAY
FE BFFA dslsle Awsigich. 2542 BPVY
s @t real-time PCRe 23] 7%=+ crossing point
& TCIDs) equivalent/mLE % 3+3}o] 2FA 5}9] ©H19].
Crossing pointt PCR cycle®| exponential phaseZ. So]7}
£ cycle & Yepdt)

Real-time PCR2| XMEAM H=

&35 BPV DNA Az9] 2124 (reliabilityy S B3
3t7] ) B E AP w7 (sensitivity), <] HA
(reproducibility) 5-& 7AZ3lAct. WIZtEE 24387 93
titer7} 1.3 10° TCIDsymL2] BPVE- £3p22 13 10!
TCIDs¢/mL7FA] 1054 3]A43F 3 real-time PCRS 433}
Aok AFA HEE 99 titer’} 1.3 X 10° TCIDsy/ml 2
BPVE 21422 13107 TCIDsymL7HA] 10544 3)4]
g FFABE AR E dell 33) Ak A sle] crossing
point 342 W3}t EojA %S ¢15] minute virus
of mice(ATCC VR 1346), human parvovirus B19(BBI
Diagnostics, USA), porcine parvovirus(ATCC VR 742),
bovine herpesvirus type 1(ATCC VR-188)el] ™3} cross-
reactivityS SA] 3}t Aol A28} vlolB A9 titer:=
247k 6x10° TCIDsy/mL, 9.4 x 10° TU/mL, 10° TCIDsp/mL,
10° TCIDsy/mLe| %},

CHO MIZOM real-time PCRZ 0|28 BPV A=
39 real-time PCRS A& kR A|xTA 70 A

| A Eelslr] fJsle] 99422 BPVE 2.9

AlZl CHO M| E3F9A BPV & A8 451995, CHO
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DG44 M EE 5% XL 2713 Iscove's modified
Dulbecco's medium(IMDM: Gibco BRL, USA) uf} %] ]
100x Hypoxanthine-Thyminidine suppliment(HT suppliment;
Gibco BRL, USA) 1%E #7}sled wlofsisict. T-25 flask
of wjoFg CHO DG44¢ll BPVE ZgA1Z] ¥ 49 F<t
wiekstsict. AlE ekl AAR F AE ko] go}
AE A= BPVE 3] A A817] $3 phosphate
buffered saline®Z 3 AH|Z3F o2 CHO DG44E A} =)
ckstelet. 49 Fok wiekst F ohA] AW wieksk v 4d
Fo]] §n|7H o2 CHO DG44%] BoFS 33t 3 A ¥ )
oz QX E wlz =AY B33 real-time PCR v
HE o|83led M wjekla} Al Eel] BPV/} EAls=A] o
HE= glolslgitt. Real-time PCR ¢ WZRF2 2 titer7}
1.3 x 10 TCIDsy/mLal BPVE AMEslgl o, &4 dj2
223 CHO M Z5 afefal#] = vzkg® CHO 25
2 AMgside.

252 S2lA0|M realtime PCRE 0|28+ BPV A=

#2339 real-time PCRS A-fell S A=A 739
A48 4= Qle] Flap] Hsle] 2= BPVE o4
A7) Zeple) A BPV AE A& AA8H Y Titer7}
1.3 x 10* TCIDsymLg] BPVE &322 10M4 3]sk
F 7+ B9 02 mLE ARl EBPA) 1.8 mLol spiking
)2 393 real-time PCR WHS AM3ld BPVE AZ&s
9ivk. Real-time PCR 24 WZ2F0 2= vlo|gAE HHrls}
A o2 FEHR S ARkl

2

Primere] M=

PCR W& AM83led BA ulelglx EA1E ERlsla, A
FEA3E] A vlolelas WollA fdH gl wWelrt Al
8] 92 conserved sequence®- 7Fxl -3 E- Adelsleiof gt
o}, AEl® sequencel= 54 vl ollvE ERlj3led FolA
o] oo} sit} AES R UBEA, ¥4 SUEA, 3
FTAFE Soll vizFe® o9 o o vy HEE 9
g gk PCRS A% 2 RI3=rt 875019, 25). Sl
72 z2AL WESE PCRE 7] 1@l Primer3
SoftwareE ©]-83}e] BPV £-°]H¢l primer 345 vJA}ls}
$vH(Table 1). ¢ PCRE Ala)sled 2742 primer 42| 1l
ZHEE gelsladrt. Titer7} 1.3 x 10° TCIDsy/mL#} 1.3 x 10!
TCIDsy/mL3]l BPVE Al8#% PCRS $:3)3t A3} primer %
BPV-F4, BPV-R47} 714 91 E7} $<palsdvh(R k& viAl
AD. PCR 2715 ## 3} 3+ 23} annealing temperature$}
MgCl, 5% 2+ 52°Ce} 4 mMe]ivh. 3% 27 oA
PCR®] 1722 ZAsl9ic}. Titer7} 1.3 x 10° TCIDso/mL
9] BPVE &x14 22 348t PCR & A3} 1.3x107
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Table 1. Sequences of oligonucleotide primer sets used in the detection of BPV.

Forward primer Reverse Primer Nucleotide position* Amplicon size
BPV-F1 TGAACAGCTGCTTACCATGA  BHV-R1 TTCCCTGGCAATCATAGTGT 1426-1553 128
BPV-F2 AGAGAACACACGCTCCAGAC BHV-R2 ATGAATTCTGTGCCGTTGAT 807-984 178
BPV-F3 GGGACTGACCAGACAAAATG BHV-R3 GGAGCGIGIGITCTCTGICT 723-822 100
BPV-F4 GGGACTGACCAGACAAAATG BHV-R4 GTCTGGAGCGTGTGTTCTCT 723-826 104
BPV-F5 GGAACTGGCTGCAAAAGATA  BHV-R5 ATGAATTCTGTGCCGTTGAT 858-984 127

*NC 001540

200~
100>

Fig. 1. Sensitivity of PCR assay for detection of BPV. M, 100 bp
DNA ladder; 1, 1.3 x 10° TCIDsy/mL; 2, 1.3 x 10* TCIDsy/mL; 3,
13x10° TCIDsymL; 4, 13x10?> TCIDsymL; 5, 1.3x 10!
TCIDs¢/mL; 6, 1.3 x 10° TCIDsg/mL; 7, 1.3 x 10! TCIDso/mL;
NC, Negative control.

TCIDsymL7}#] PCR AHE-S #& 4 %l ohEFig. D).
PCR AHE-& sequencingd ¥ blast searching(www.ncbi.
nlm.nih.gov/BLAST/) 8t Z3} PCR AF&°] BPV %A1
< I 5 UATFAEE BAA)).

BPV DNA H&Z 2[8t real-time PCR #|Xs}

dHl PCRE 53 319 PCR AL 7|22 AccuPower
Greenstar PCR Premix Ex Taq(Bioneer, Korea)s A}-£-3}
o] real-time PCR £71& 3% 3}4 v}, Forward primer=.
BPV-F4%- reverse primerZ. BPV-R4E A43}e] PCR uh-&-
9] annealing temperatureS- = & 343} ¢ th(Fig. 2). Titer’}

w
(]
L]

- e NN
n @ W
T T T

i

Crossing point

S W

48 S0 52 54 56 58 60 62
Annealing temperature (C)

Fig. 2. Optimization of annealing temperature. The crossing
point value refers to the cycle number at which the fluorescence of
the PCR reaction rises above a set threshold and is inversely pro-
portional to the amount of starting target. O, 1.3 x 10° TCIDsy/
mL; @, 1.3 % 10> TCIDsy/mL; [J, 1.3 x 10" TCIDs¢/mL; M, Neg-
ative control.

1.3 x 10° TCIDsy/mL, 1.3 x 10° TCIDsy/mL, 1.3 x 10' TCIDsy/
mL3] BPVE A]Z.E annealing temperatures- 50°C, 52°C,
54°C, 56°C, 58°C, 60°C=. W3}A]7|9 real-time PCRE
83} & ) 52°Coll A crossing point7} 7H WA el
52°07F HA xRS A 5 alait}

3 ExollA MgCl 55% W3AA PCR £71& 3
3}5}9 cH(Table 2). Titer7} 1.3 x 10° TCIDsy/mL, 1.3 x 10?
TCIDsy/mL, 1.3 x 10! TCIDsymLg! BPVE A|&E. MgCl,
52 2mM, 3mM, 4mM, 5 mME WA A7 real-
time PCRS 3 3l9S W 2 mMelA crossing pointZ}
7 A Jelt HF MeClL 55 2 mMYS o 4 9
et

Real-time PCRe| A&M HE

BPV DNA A3 $]% real-time PCR H1E 9] X134
(reliability)& 2.Z3}7] ¢ g4 /E—lﬁi‘ﬁgl 1l 71}5
(sensitivity), 84 (reproducibility), 5
AZsgn) NAsE 28] 94 T1ter7]— 13><105
TCIDsymLS] BPVE +3H 22 10v4 343 F real-
time PCRS $8s}9t}. 2 A 8.9 o5l real-time PCR
cycle 42l b2 fluorescencedtd] 3715 A3 A3} vzt
EX 1.3x10! TCIDsymLY& 18 4= g}aiu}(Fig 3A).
Melting curve -4 Z 3} BPV DNAd] Eo|%gl £
primer dimer 5 ¥] 5ol ¥HO0= gl on, 958
= Zo|A= BPV DNAS| Eo]4al peakS Elst 4= ¢

‘}iU]-(Flg 3B). &% PCR AHE-E 1.5%(w/v) agarose gel
£ A3l A7 ] 3538t A3t 7+ MVM SFAAIZIA <l

5'7]94 WES g ¢ YA, F5-8 HE2TeM=

Table 2. Optimization of MgCl, concentration in real-time PCR
assay.

MgCl, concentration

TCIDsy/mL
2 mM 3mM 4 mM 5mM
1.3x10° 7.12% 12.42 15.33 26.84
1.3x10° 134 19.29 23.43 26.92
1.3x10! 20.52 27.71 27.80 27.64
Buffer control 27.90 27.84 27.88 27.72

#Values indicate crossing point value.
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Fig. 3. Sensitivity of real-time PCR assay for quantification of

BPV. A. Amplification plots obtained with 10-fold serial dilutions

of BPV stock solution. B. Melting curve analysis of the ampli-

fication plot. BPV stock solution of 1.3 x 10° TCIDsy/mL was seri-

ally diluted and cycle-by-cycle detection of BPV DNA was per-

formed using the optimized real-time PCR assay with SYBR
Green I.

PCR A< I 5= Aok & mjAA)).

225 BPV DNA AZbile] A A2L s A= o
T 2ol BPV EFA 8o DNAZ F%38l3 real-time
PCRE 38t & crossing point Zt-2 ¥] 23} oH(Fig. 4).
BPV log titer(log;y TCIDsy/mL; x)°| ®} &} crossing point
) e B2FE AL AR FY A y=-3436x+
2441(RAAA G °=0.996), A F9] A$ y=-3.386x+
24.23(*=0.993), A F2} ¢ y=-3.498x + 24.48(r=0.997)
= BPV log titer$} crossing point Zf 7F2] 37| A o] wl-$-
=34

+ parvovirus 3 ¥}o| 2 AE(minute virus of mice,
human parvovirus B19, porcine parvovirus)} DNA H}¢]
2|29l bovine herpesvirusE thALC 2 Eolyd-S Ags A
7} BPVE] 7907t fluorescencegts] &712 #3a3 4 )
UL, T vholE oM 4o SA Yz Fo
fluorescencedtd] 715 I3 4 ¢l T}H(Fig. 5A). Real-
time PCR AFE-& 1.5% agarose gel AbellA] B-A18 A7}
BPV 443 diZE|Aut PCR ¥k AHZo] QA =gz, o}
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Virus titer (log,, TCID 5,/ml)

Fig. 4. Reproducibility of real-time PCR assay for quantitative
detection of BPV. The standard curves were obtained by the
regression analysis of crossing point values versus initial virus
titer. These results were obtained from three independent assays
performed at different days.
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Flhuorescence
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M 1 2
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200~
100>

Fig. 5. Specificity of real-time PCR assay to potential cross-
reactive viruses. A. Amplification plots; Ul, Bovine parvovirus;
M, Minute virus of mice; O, Human parvovirus B19; @, Porcine
parvovirus; A, Bovine herpesvirus; A, Negative control. B. Agar-
ose gel electrophoresis of the PCR products. Specificity of the
real-time PCR assay was evaluated using the optimized protocol
and then the PCR products were analyzed by 1.5% agarose gel
electrophorésis. M, 100 bp DNA ladder; 1, Bovine parvovirus; 2,
Minute virus of mice; 3, Human parvovirus B19; 4, Porcine par-
vovirus; 5, Bovine herpesvirus; NC, Negative control.

2 Hpolelas} g5-gel $A dEFelX= PCR BES A
ol A=A A=HFig. 5B). ole} A2 AelA] 5
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real-time PCR 4PH-2 BPVel| Eo]A gl A1gw sl slols}
At

CHO MIZFO0IM real-time PCR2 0|28t BPV ZHE

43 real-time PCRE AE2JFE A ZTH | 243
T AUEA ezl sl d9H 22 BPVE 2947
CHO M ZFlA] BPV 7% A< AAISKITH T-25 flask
o ¥ioF¥ CHO DG44 M Zell BPVE <lgH o= e A7)
¥ T-25 flaskel] 3 o)} Al wioFshar] HHEAZS 3
3l9c}t. BPVE CHO DG44 A ZEFo)A B &S Jehy
A $Ekeh(Fig. 6A & 6B). N Eule¥F AN 4 mLS 345}
3, CHO DG4 MEZ trypsing #2l3}e] 4 mL ¥5)2 3
F3ldet. AlZeleF AA 93 CHO Al Ee) M 22t DNAZ
F%3813, E59 real-time PCRE 883}¢] BPVE A 7
%3 vhFig. 6C). Al EvjefH o= 1.0x10° TCIDs,
equivalent/mL BPV7} AZE 1, A Zo|M= 24x10!

A B

C

0;7 i /B/EWZ—H

0.6 o Positive control / 2
8 05 NCell B %;6':?'4.
= “ 0 Supernatant | A
§ 0.4 ® Negative control u/ /'
£ 03 K4
E 0.2 /
= 0 yiva

o

D 10 15 20 25 30 35 40 45

Cyele number

M 1

2 3 NCM

Fig. 6. Quantitative detection of BPV in artificially infected
CHO DG44 cell line. A. Morphology of CHO DG44 cell line not
infected with BPV. B. Morphology of CHO DG44 cell line
infected with BPV. C. Amplification plots of BPV positive con-
trol ([J), CHO DG44 cell line infected with BPV (W), cell cul-
ture supernatant (O), and negative control (@). D. Agarose gel
electrophoresis of the PCR products. M, 100 bp DNA ladder; 1,
BPV positive control; 2, CHO DG44 cell line infected with BPV;
3, culture supernatant of CHO DG44 cell line infected with BPV;
NC, negative control.

01.3x103 TCIDs,
1.0 m1.3x10° TCID5,
0.8 61.3x10! TCID;,

" L ] 1-3X100 TCID_W
_ &Negative control

Fluorescence
-]
(-3
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Fig. 7. Quantitative detection of BPV in artificially contami-
nated bovine collagen. BPV stock solution of 1.3 X 10* TCIDsy/
mL was serially diluted with 10-fold and then 0.2 mL of each
diluted solution was spiked in a 1.8 mL aliquot of 0.5% bovine
collagen. Quantitative detection of BPIV in the artificially contam-
inated bovine collagen was performed using real-time PCR. [,
1.3x10° TCIDsy/mL; M, 1.3x 10> TCIDsy/mL; O, 1.3x 10!
TCIDsy/mL; @, 1.3 x 10° TCIDsy/mL; A, Negative control.

TCIDs equivalent/mL. BPV7} &= ¢ic}h. 533 PCR At
52 1.5%(w/v) agarose gel& AHE-3sled 7] 353 A=}
7+ BPV FAA R, M ZuF, M EelA o} 2719 W=
= g3k £ Qi $4 2T E PCR ARS &
olg 4= $siH(Fig. 6D).

A8 Z2A0IM real-time PCRE 0|88+ BPV A=

#99 real-time PCRE Afdll 2l A|2FA 54
3 4 gl BERelEp] $isle] Ql9A 2= BPVE 239417
Zepl) A BPV HEAHS A Titerr} 1.3 x10*
TCIDsy/mLg] BPVE <=4 22 10u)% 3|Agt & 7+ 3]
A9 02mLE &5 F2b 1.8 mLel spiking ¥ T &
% real-time PCR W& AM3}e] BPVE 73l 2
A Bel B3l real-time PCR cycle $20l] @2 fluorescencedt
o] 2712 A A3} 1.3 x 10° TCIDsy/mL7HA] A &4 2.
2 A5 5+ A9 Fg. 7).

[

i

A5 g, AE, 23], 7|3 55 ol83le] AAEE A
Eo|oF, 2AFIAA, MEXBAE= 45 AA ] A
Hel Qxpt 29€ 7l o] wiiEe] KA ERoL v}
7 & 3A F2) R T Qlet Al 83t vt
2t 295E= AL Rt kAt AL AA7L A
ZHEE 7] AN o violelxe] e 4 B3t =
= AA A B 7S F&obt a5, 10, 19]. =3
AL B2 S5 SAES] Ak o|27]71A] AA)
A ZFA ) sk AR g FAAE) D eld. BPVE &
ANA 7P E3HA FHdEE vlolaia Fof shie]”] el
Al AEERE AN AR GES ZAFEHIA, Al
EX8A9 72¢ BPVel 292 7FsAlel 9ict. BPVE A




O UE AEE HEF WS 28 3rleks S-F Ao
299 5 3l7] wgel, Aol 2AA 93] of = ok
A A A, ZAA Q) Sls) ek sheld). wheba ¢
S AEg YR AT A ZF) 7S wk=A] BPV
o 29 oFE R} Bo|=r) 9535 A3d Al gL
2 g]lsleiolt gL, 11, 14]. A ZXBAS) wick 8z
FEHE AN Aol =, BPVY 29 -2 Felsleio}
o et mgh o) 22 o) sle] AAEE Fepl 2
AEAAN L Aol 2 BPVE 29 o] H-2 &<lsle]oful
g A = A 918 vlelga 298 W)
#1Z ICH 7Fo] B2kl (Q5A)S U8 291 4%-2 ZAls}
AL, AEFAANAM Hlelea AA 538E Hrlsb) $hste] 1l
Az} Solert -3t A5H A S AHeelEE 3
Akl gl 16].

BPV &S Sl dAF = F7-53uke A9
= A7} ul o] W] Ea1, HIZkE9l o] £} Hejx]i=
ol e, AE2RE A TN BPV A& A
22 Z831=d oJ#f¥<] r}. Bovine herpesvirus, bovine
viral diarrhoea virus, bovine parainfluenza virus type 3%
afrel ", A, 27, 7] Soll whislA eg=: bt
ojEaEld, o]2iat wtela ) A WiEe) So|=}
<8 conventional PCR, nested PCR, T+ real-time
PCRE °o|-83}e] 214 A& AEsleis A7) s
A o] k3, 4,7, 210, 319 BPVE] 79l PCRE
283 vlelzlx A& Q77 A v} gk

2+ drelMe el 98E AMShs AR GES =
ASAA, MEA A RS HEs)r] $six] BPV
£ A2 A% AEE 5 9l migkEs) Bol=v)
<8} real-time PCR A%< 7dslazzt sisic}. BPV A
Al AR 94322 BPVellTt So]#Ql primer $4-2 o
Akl skgd e}, 5%42] primer % NS-1(Non structural protein
1) A 22 =}kl & primer % BPV-F4, BPV-
R49] R13Tev} 7Hg $eslodet. A1E R primerS: E-4-5)e]
annealing temperature2} MgCl, % 5 PCR #711& 4
3} gt 2t #3iE Alye) 4EE 1.3 x 107 TCIDsy/mL
|5t B¥l BPV DNA Ane] A&A H32 $lsh A
= o9& 2ol BPV ZFA|BolA DNAZ %38} real-time
PCRE 488t & crossing point 33 B &8t A3}, BPV
log titer(log)o TCIDsymL; x)oll o) 3t crossing point Zk(y)
e} B3 AN AAAPE e ZF 099 oAk A)
AR ofdzt Al i 23S & S gl AE
oerEe] FARAE Hrloll 9lod AlFwe wztesl YA
= EX9 AEA, Bold, A& S A ois- 8
810 % JiEEd], £ Al 2Rist Agbde BPVE
skt el HIzkEe) A o] 95S Feldt 5 9l
At

WHO(World Health Organization), EMEA(European
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Medicines Agency), FDA(Food and Drug Administration)
o} ZH2 A S AR A 2F sl o)oREg Ak}
7] $13) AMgsl SEAMEFY vp2EA E(Master cell)2}
A 28 F (Working cellellX 21914 rieleda FHEol djgt
e S AL, HES 93 vlelgs o AlalE
F|A3lslal QIA|RE, v]E3 A|7be] wWo] == AJESHY A
W Un vitro MY, In vivo AT, FAAYAE A EH)S
AT = = 7AREE BAA R o] AE3kEA] ke AlA o]
o}. 9CFR section 113.53-% 853 {2 A& A=zF
(primary cells B=3= cell line)E AME-3ted A 854,
ARG HEZF 3 AR S 29E 4 e vlelgaE
&35 27513l 9JuH9]. Bovine turbinate(BT) A %5~
= AR vlelglze] fA =] Wil $EAS AR
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22 upelEln o4 o F-E i) o|#dt AESHA Al
o] A Alzbe] go| Ayl vlgo] Wo] T=i= o]
ek B Q72 4 #3915 BPV A3 A3 E CHO A
FFo|A BPV & AlEel #833S o, BPVel o4
CHO M Z57} W EA-E d 071X = kAT, CHO Al
Zoh 2T W AAsHelM BPVE B2 Hs
4= ¢1gich @b BPV real-time PCR A13-& SEA|E
F A AT AFlA BPV &4 o455 XA =
=AY AET U s A g 4 9l
v}, FEMET HEO|A real-time PCRS #8531 BPV 4
= AgE Am7bA] B2ard v gl

Al FEPllE Y88 AAERE de] o] 851 A
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A HAEALH S TE3AL A B Al S AAE
a9l SHAEE BPVE 3R e 4 9 Al
o] B=R] o} real-time PCR Al 22 wizksh A9
Hel 8753 glet. & AFE B8l F35 BPV HE A
FHE 0.5% FEPllel A4319E W 1.3 x10° TCIDsy/mL
7R Ao HAES 4 Qle] Feplle] FAEZ %
& 4 ode et A Y @iy Bt EE Eol
7] 9)sjrE= Fepll o2 HE BPV DNA 5% 719 A
317} F Qo geteict

Real-time PCRS 83} vlo|g]x Aok 73 ubi e 5
2uteaefe] A3 22 A Fe] KA FAelA v
o] vtelE g A7l A3} & 5= 9)7] wFell, AE2
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o AZFAAM uleltA A A AF AF Al 971
A3 A A4 F e F43 Fred B o=,
AP Ee BT 4 gl AeetEady] 33
Ao A wlelelx QPHA Fgoll 43k 5= ol A3 W
Holth[19]. ¥ AF-E 53 B3H BPV real-time AHHE
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24 sp3lodet. Al zufekde] o3t g rte) v wat A}
real-time PCR ?17}5% 1.3 x 10" TCIDsy/mLe|ich. &4
H A1EH e A A (reliability)yS B5317] S8 Al A
25 AAIg A} Eo] A (specificity)s} 2} & A (reproduci-
bility)e] 58S Felslgich. B3 real-time PCRS- A
R AT ol A8 4 3leA Ekla] ¢l
of Q$H 22 BPVE 23417l CHO MEF9} &f3) &
gl A BPV HE A& A s BPVE H9AIZ]
CHO A Zo| M NEHYEAE a3t 4= iR a, Az}
A ZrjoF A HollA BPVE Ak oz A& 4 9lgit)
2t FEAAE 1.3 x 10° TCIDsymL7HA| Aoz
A& 4 A+

#Atel =

B ATE BETA |0 GG AR 2ol
AQHP A A FEINY S LTI 0
S5 QFAgolr ool AR,

REFERENCES

1. Adamson, S. R. 1999. Experiences of virus, retrovirus and
retrovirus-like particles in chinese hamster ovary (CHO) and
hybridoma cells used for production of protein therapeutics.

10.

11.

12.

13.

14.

15.

16.

17.

Dev. Biol. Stand. 93: 89-96.

. Barnes, M. A., R. E. Wright, A. B. Bodine, and C. F. Alberty.

1982. Frequency of bluetongue and bovine parvovirus in-
fection in cattle in South Carolina dairy herds. Am. J. Vet.
Res. 43: 1078-1080.

. Beldk, S. 2007. Molecular diagnosis of viral diseases,

present trends and future aspects: A view from the OIE
collaborating centre for the application of polymerase chain
reaction methods for diagnosis of viral diseases in veterinary
medicine. Vaccine 25: 5444-5452.

. Beldk, S. and P. Thorén. 2001. Molecular diagnosis of

animal diseases: some experiences over the past decade.
Expert Rev. Mol. Diagn. 1: 434-443,

. Celis, P. and G. Silvester. 2004. European regulatory gui-

dance on virus safety of recombinant proteins, monoclonal
antibodies and plasma derived medicinal products. Dev. Biol.
Stand. 118: 3-10.

. Chen, K. C, B. C. Shull, E. A. Moses, M. Lederman, E. R.

Stout, and R. C. Bates. 1986. Complete nucleotide sequence
and genome organization of bovine parvovirus. J. Virol. 60:
1085-1097.

. Cho, H. M., D. H. Lee, H. M. Kim, and 1. S. Kim. 2008.

Real-time RT-PCR for quantitative detection of bovine viral
diarthoea virus during manufacture of biologics. Kor J.
Microbiol. Biotechnol. 36: 34-42.

. Choi, Y-M,, J.-K. Kim, J.-I. Park, and S.-W. Jeong. 2006.

Evaluation of bovine amniotic membrane for the treatment
of superficial canine corneal ulcer. J. Ver. Clinics 23: 334-
336.

. Code of federal regulation 9 (9CFR), animal and animal

products. 1996. part 113.53. Requirement for ingredients of
animal origin used for production of biologics.

Darling, A. 2002. Validation of biopharmaceutical purifica-
tion process for virus clearance evaluation. Mol. Biotechnol.
21: 57-83.

Erickson, G A., S. R. Bolin, and J. G Landgraf. 1991. Viral
contamination of fetal bovine serum used for tissue culture:
risks and concerns. Dev. Biol. Stand. 75: 173-175.

Faraj, K. A., T. H. van Kuppevelt, and W. F. Daamen. 2007.
Construction of collagen scaffolds that mimic the three-
dimensional architecture of specific tissues. Tissue Eng. 13:
2387-2394.

Gajiwala, K. and A. L. Gajiwala. 2004. Evaluation of
lyophilised, gamma-irradiated amnion as a biological
dressing. Cell Tissue Bank. 5: 73-80.

Garnick, R. L. 1998. Raw materials as a source of contam-
ination in large-scale cell culture. Dev. Biol. Stand. 93: 21-
29.

Horaud, F. 1991. Introductory remark: viral safety of bio-
logicals. Dev. Biol. Stand. 75: 3-7.

International Conference on Harmonisation. 1998. Guidance
on viral safety evaluation of biotechnology products derived
from cell lines of human or animal origin; availability.
Federal Resister 63: 51074-51084.

Jennings, A. 1999. Detecting viruses in sera: methods used



18.

19.

20.

21.

22.

23.

24.

and their merits. Dev. Biol. Stand. 99: 51-59.

Jeong, H.-S., J,-H. Shin, Y.-N. Park, J.-Y. Choi, Y.-L. Kim,
B.-G Kim, S.-R. Ryu, S.-Y. Baek, S.-H. Lee, and S.-N. Park.
2003. Development of real-time RT-PCR for evaluation of
JEV clearance during purification of HPV type 16 L1 virus-
like particles. Biologicals 31: 223-229.

Kil, T. G, W. J. Kim, D. H. Lee, Y. Kang, H. M. Sung, S. H.
Yoo, S.-N. Park, and L. S. Kim. 2005. Quantitative real-time
PCR of porcine parvovirus as a model virus for cleaning
validation of chromatography during manufacture of plasma
derivatives. Kor. J. Microbiol. 41: 216-224.

Lee, D. H., H. M. Cho, H. M. Kim, J. Lee, and . S. Kim.
2008. Real-time PCR for validation of minute virus of mice
safety during the manufacture of mammalian cell culture-
derived biopharmaceuticals. Kor. J. Microbiol. Biotechnol.
36: 12-20.

Lee, D. H, H. S. Jeong, I. H. Lee, T. E. Kim, J. Lee, and 1.
S. Kim. 2008. Real-time PCR for quantitative detection of
bovine herpesvirus type 1. Kor. J. Microbiol. 44: 14-21.
Merten, O.-W. 2002. Virus contamination of cell cultures-a
biotechnological view. Cytotechnol. 39; 91-116.

Parkman, P. D. 1996. Safety of biopharmaceuticals: a current
perspective. Dev. Biol. Stand. 88: 5-7.

Rudnick, A. 2006. Advances in tissue engineering and use
of type 1 bovine collagen particles in wound bed pre-
paration. J. Wound Care 15: 402-404.

25.

26.

27.

28.

29.

30.

31.

ReaL-TIME PCR FOR QUANTITATIVE DETECTION OF BPV 181

Ryu, S.-R., J.-H. Shin, S.-Y. Baek, J.-O. Kim, K.-I. Min, B.-
S. Min, B.-G. Kim, D.-K. Kim, M.-K. Park, M.-J. Ahn, K.-
S. Chae, H.-S. Jeong, S.-H. Lee, and S.-N. Park. 2003.
Evaluation of limit of detection and range of quantitation for
RT-PCR, real-time RT-PCR and RT-PCR-ELISA detection
of bovine viral diarthea virus contamination in biologics
derived from cell cultures. J. Bacteriol. Virol. 33: 161-168.
Sandals, W. C. D., R. C. Povey, and A. H. Meek. 1995.
Prevalence of bovine parvovirus infection in Ontario dairy
cattle. Can. J. Vet. Res. 59: 81-86.

Schneider, G 2003. Bioimplants-characteristics and use.
Laryngorhinootologie 82: 839-852.

Storz, J. and R. C. Bates. 1973. Parvovirus infection in
calves. J. Am. Vet. Med. Assoc. 163: 884-886.

Storz, J., S. Young, E. J. Carroll, R. C. Bates, R. A. Bowen,
and D. A. Keney. 1978. Parvovirus infection of the bovine
fetus: Distribution of infection, antibody response, and age-
related susceptibility. Am. J. Vet. Res. 39: 1099-1102.
Watzinger, F., K. Ebner, and T. Lion. 2006. Detection and
monitoring of virus infections by real-time PCR. Mol
Aspects Med. 27: 254-298.

Yarlagadda, P. K., M. Chandrasekharan, and J. Y. Shyan.
2005. Recent advances and current developments in tissue
scaffolding. Biomed. Mater. Eng. 15: 159-177.

(Received Aug. 8, 2008/Accepted Aug. 28, 2008)



