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Real-Time RT-PCR for Quantitative Detection of Bovine Viral Diarrhoea Virus during Manufacture of
Biologics. Cho, Hang Mee, Dong Hyuck Lee, Hyun Mi Kim, and In Seop Kim*. Department of Biological
Sciences, Hannam University, Daejeon 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 ther-
apy. Manufacturing processes for the biologics using bovine materials have the risk of viral contamination.
Therefore viral validation is essential in ensuring the safety of the products. Bovine viral diarrhoea virus
(BVDV) is the most common bovine pathogen and has widely been known as a contaminant of biologics. In
order to establish the validation system for the BVDV safety of biologics, a real-time RT-PCR method was
developed for quantitative detection of BVDV contamination in raw materials, manufacturing processes, and
final products. Specific primers for amplification of BVDV RNA was selected, and BVDV RNA was quanti-
fied by use of SYBR Green I. The sensitivity of the assay was calculated to be 1 TCIDs¢/mL. The real-time
RT-PCR method was validated to be reproducible and very specific to BVDV. The established real-time RT-
PCR assay was successfully applied to the validation of Chinese hamster ovary (CHO) cell artificially infected
with BVDV. BVDV RNA could be quantified in CHO cell as well as culture supernatant. Also the real-time
RT-PCR assay could detect 10 TCIDso/mL of BVDYV artificially contaminated in bovine collagen.
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virus, BVDV)e]t}. BVDVE Aol|A] Aat, g4l F 7)84
W 587) A% 285, A & SRk, AR o
n] 225 gojd FolAE HA| Mg} Ho] A&l
2 tE LA BVDVE HGAIFI) o] vioiA:
Flaviviridae?+9} Pestivirusgol] €31, 12,500002 nucleotide
£ 7F= positive-sense, single-stranded RNAZ A= 3]
1, 3P} open reading frames ZXT QJeH31].

BVDVE: ZAuo} obA Foll AME-HE T3, o34,
Measles-Mumps-Rubella (MMR) E3hAlol]l ¢ 3=l Afe7}
A=, AEefoke] uFAel A s 29 A
2 ZAFGAEHIS, 301 FEANX BVDV LYEE ZARSE
Ho] ojabw 198834 1990:74%] AR <F 1,50070
FE(lot)?] $8AAM vle]a2t 20.6%, 2 FAE 11%
7} &9 H10]. =38 vl American Type Culture
Collectionol] X3 &, oF, 94, Ak, B7], 2%, 4%
o], AV, /el M ZF|A BVDV LA5E AN 43}
4 N E2F F 13974 AEF7E 299 AoE RuEln
B3] 4&9 FHA 3o EAF MEFY Hfed=
BVDV 2355 ZARRE A3 200 AEF F 139 A2F
71 299 7iog el 14]. ol8g NEFEY 292
S8 Ael 2495 BVDVe 7]alsh= Hog fds 1 gl
BVDVE A& FF AAFAd 292 4 e A
ulo|gi2o]7] wiFoll, Al 2] s of = delA
AR AEE, Al e84 shelot.

B EH ZAFIAA], NEXBANAM HA ==
A L3l wielg Ao &S A3 AP A4 F
F7)ge] de] 451 Qv RNA vlo|#ls HES 3
A2 FF7162 5 RNA F322 78 4EA-9 cDNAS
RFERL, cDNAE o83l A dF-5 S35 F, 5
FAES A7|dF22 B3 v DNAES 948l UV
2 #<l3}= RT-PCRe] dubAo]r}. RT-PCR-E Hpol 2
RNAY x| 58 g 5= A= TF3 Al ol#]ul,
HEFEA o] ofFHrhe Dol Qo HIole FHHE 74
A ARES AN IR ERlE 4 ol AFEA o] 7edt
real-time RT-PCR A& "] /PdH L 9le}. Real-time RT-
PCRE RT-PCRel| H]3j ®le]2]2x RNA &4 o5 o %
2] &&= olee AFE 95H27]. BVDVE| 75l
2 mpelgaA] iy A<} BVDV genotype la, 1b, 25
7438}7] 28} RT-PCRF real-time RT-PCRe] 7Ht=olst
[2, 21, 25].

B ATl ME & il BEE 4R 3 AEYRE,
ZAFEAA], N EABA T4 BYDV A S FH3)
7] 918, 4854, ARTA, ¢AEAM BVDVE AHH
L2 RAE3a, AxFA A BVDV A7 HA5E $3 Al
FHOZ FLof 7hast W) S|t 943t real-time
RT-PCR A4S #F3lan} st =3t S99 real-time
RT-PCR A& &85l A9H 22 BVDVE A7
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CHO M %2} 4 fl EeHlelA BVDVE Aegdoz 7]
Z3lo] wlolgla A 7S AP eRe) B4 JlsAS
73t

ME ® YWY

BVDVe| i X HE¥

BVDV(ATCC VR 534)¢] wiozt A28 ¢$l8] Embryonic
bovine trachea (EBTr) ME(ATCC CRL 44)2 AR}t
EBTr X2 10% $-38 A (Gibco BRL, USA)E A 7}3)
Dulbecco's Minimun Essential Medium(DMEM: Gibco
BRL, USA) ulj=]e]] wiokslodet. T-150 flaskel] wioFe =3
AL dloldag AN F FA1 402 AL
(cytopathic effect: CPE)E #&3let. A EEHE A7} =
sl B 2 o wiopels AEE SR B, 400 x ol
A sE2k 94 Bejele] 439L B 2OT pellerd Al
setalict. Pellets 27 sPY4E 28 uhEsle] 3k
gt F 400x goll A 57t A EElste] AdE ddt
A A5AE E8eE ¥ 045 um filter® o33 ohy &
3t -70°Ce]| Bkt

BVDVS] Hakg $1a) 244 9k vlelei2e) erd
50% tissue culture infectious dose (TCIDsp)E Wl siwt.
BVDVE 2% 84L& 4718t DMEM WA 2 Tajs2 3]
A3l 24 well plateel] WSk Al Eel] 0.25 mLA AE38)1
o SANERTEE A Ee A E 0.25 mLY HE3A0T
I % COp Mik71oM 5% CO,, 35°CE wiokstHA A4
o7 #n|7 o2 CPEZ H3Isi

HIO|2{A RNA 22|

-70°Cel] B33t vl v GRS AN F F,
RNAE F#3}9ich. RNA #8]&= QlAamp Viral RNA
Mini Kit(QIAGEN, German)2 AMg-3}e] A|ZAolA A28t
Hiel] wle} ARSI wholla Wikl 140 pLENE
60 UL®] RNAE £&3)9])

Oligonucleotide primer

BVDV genotype la, 1b, 25 B2F ZHEH 4 U+
primerE HARISIAS. BVDV F3AE $53817] ¢4 AF
43t &)1 Ak primer 3714192 NCBI data baseol] B
¥ BVDV complete genome(NC-001461)8 7]%=
Primer3 SoftwareE ©]-§3}o] tjx}els}oich(Table 1).

RT-PCR

F-2]8F RNAS F3.2 2 Omniscript Reverse Transcrip-
tion Kit(QIAGEN, German)E AH3-3}¢ cDNAE 33314
©}. cDNAE 4 817] 913 template RNA 10 uL, 10 pmol
specific primer(reverse primer) 2 pL, RNase inhibiter
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(10 U/uL) 1 pL, 10x buffer RT 2 pL, dNTP mix(5 mM)
2 pL, Omniscript reverse transcriptase 1 pL, RNase-free
water 2 uLE &332 37°CelA 60% 53t HH-AIF .
BVDV2] reverse transcription ¥H$-22. 1oz cDNAE F
22 PCRS Adsgich. PCR vHe-& $l8] BVDV
c¢cDNA 2 pL, 10 pmol forward primer 1 pL, 10 pmol
reverse primer 1 ul., Go Tag Green Master Mix(Promega)
premix 12.5 puL Egtolo] d7d 33} $F5 8.5 uLE: A
7Vste] HEH ]S 25 L= 232} Corbett ResearchA}
(Australia)?] PALM-CYCLERE ©] 48 #4152 pre
incubation2- 95°Col| 4] 2%, denaturation2 95°Cel|A 30%,
annealing< 50°C, 52°C, 54°C, 56°C, 58°C X3 60°Cel| A
30%, extention> 72°CollA 1522 &} 40 cycles 53
3191}, 40 cycle PCR ¥ 72°ColAl 5% ¥R$AIT) F 1.5%
agarose gel A17]°45-& F3l PCR W55 i3l
2%l annealing &=l MgCl, 355 HEAA PCR =
Z1& #3390} w3 355 DNAZE B33k AREQlA
£ #alsl] 998t PCR product?] DNA sequencingS Al
Alstde.

Real-time RT-PCR

BVDVS] A& 918 RTLPCRS $3] &3 ¥ RT-PCR
Z71-& 7122 AccuPower Greenstar PCR Premix Ex Taq
(Bioneer, Korea)S Al-3te] Real-time RT-PCR 7% &
23lsict. BVDV A3kE ¢l Corbett Research*F] Rotor-
Gene 3000 Real-time PCR 7]A| & A}2-8}% ). Real-time
PCR ®Fg-9-2 AccuPower Greenstar PCR Premix Ex Taq
5 pL, 10 pmol forward primer 0.5 pL, 10 pmol reverse
primer 0.5 pL, template 2 pL, MgCl,(20 mM) 0.5 pLeoj|
g7 33 FRTE Eel £ 20 pot HA 3. Ak
E2 pre-incubation> 95°Cel|A 15%-, denaturation> 94°C
oA 15%, annealing 20%(annealing &= %35 93|
52°C, 54°C, 56°C, 58°C, 60°Coll A Real-time PCR 4~%}),
extention 72°Coll A 20% = 3} 45 cycleS 33T}
npA| 2t cycle ol 2E uhEEol| diste] 72°CHE 95°C
742 Gl A melting curve A& AAIEAT. FHA
MgCl, F=5 AA%7] $13) 2438 annealing &% 56°C
oA} MgCLE 2.5 mM, 3 mM, 4 mM2 H3}A|A BVDV
%50l W2 crossing point Z-S B]aEtic),

TiterS 243t 8+ AZ2E A Titer7h 10°
TCIDsymL2l BVDVE 322 10° TCIDsymlL7}A] 10
w4 343 F real-time RT-PCRE F38lo] S 913
FEFAE Al AR Sl o3l BVDV RNAS
k& BFFA sl AFsladd. FF54-E BVDV
9] =%ol| we} real-time PCRo| 93] 71£3+= crossing
point Zt< TCIDsg equivalent/mLE % 83}o] 2bAJ 5}l o}
[20]. Crossing point3¥ PCR cycle®] exponential phase®

Sk cycle 7F WERiT

Real-time RT-PCRe| 2MEM HE

315l BVDV A9 A (reliabilityyS B5317] ¢
3 Esld AGHe] w7 = (sensitivity), A3 A (reproduci-
bility) 55 ZAZsict. WAEE 48] 18 Tier}l 10°
TCIDsymL8] BVDVE #3214 22 10° TCIDsy/mL 7}A]
10904 3|48 ¥ real-time RT-PCRS 438 3}gich. A4
5L 99 titer} 10° TCIDsymLe) BVDVE &8 o2
10° TCIDsymLZHA] 10414 3|43 F M2 o2 el 33
3% FA31e] crossing point gt RN, BolA AE
< 98] RNA vle]2{ 29l Hepatitis A virus(ATCC VR
1402), Bovine parainfluenza virus type 3(ATCC VR 281),
Reovirus type 3(ATCC VR-824), Encephalomyocarditis virus
(ATCC VR 129BYl| ™3} cross-reactivityS S 3}2ic}. A
Foll A3 Blo] A9 titer= ZH7} 10° TCIDsy/mL, 10°
TCIDsy/mL, 10° TCIDsy/mL, 107 TCIDsy/mLe] I},

QI1Hoz BVDVE #HYAIZI CHO MZOMM real-time
RT-PCRE 0|28t BVDV H&

223 real-time RT-PCRE AE2)FE AZFA 7159
A48 5 oleA ] $13le Q19 eE BVDVE &
JA]7] CHO M EF|A BVDV A& AlH@& A sl
CHO DG44 NEZ 5% F8AS 3713t Iscove's modified
Dulbecco's medium(IMDM: Gibco BRL, USA) ®jX]e]
100X Hypoxanthine-Thyminidine supplement(HT suppliment;
Gibco BRL, USA) 1%E H7}ste] wjekslsict. T-25 flask
ol Wikl CHO DG44¢ll BVDVE 71A)7] F 49 E<t
wjekatdet. ME wiFA S AAT F AE wiok o Fo}
AE T U BVDVE 949 3] A 3}7] $18 phosphate
buffered saline(PBS)2-2 39 A 33 o4& CHO DG44E
Al wieFsidet. 49 F3F wiekst F GA] Al vt o
S 49 ¥ Fn)H 22 CHO DG449] Roks #E3 ¥
AL vk A 2E 2 A8 F3H real-time
RT-PCR W& o]-8-3led A|E ujofals} 4] o] BVDV7}
EA 5= o H-= Ao #elslg]r}. Real-time RT-
PCR %4 Y 2#S 2 Titer/} 10° TCIDsymL8l BVDV
£ AH83l9leH, SA dE2F2EE CHO MET wichi=]
= W71 sl CHO AlEFE ARE3},

2 |2 S2HHoA real-time RT-PCRg 0|88t BVDV
d&

2% real-time RLPCRS 4 f# Z2h A2TA A
Foll H43 4 A #lsP] H3k JHH 2 BVDV
= 2947 Fo)A BVDV ZHE A1 S AlAegio
Titer7} 10° TCIDsy/mLgl BVDVE £A}A 22 1004 3]
A F 7 3A 02 mLE & # F2HA 1.8 mLo|



spiking®t o} ¥ ¥ real-time PCR W& Al4-3}4
BVDVE 7 %3141}, Real-time RT-PCR &4 2702
T Hbe|EAE AVE1A] ke FEpl S ARk

R

Primere| M4

PCR #P S AMg3le] B4 ulolgla EAE- gelela, A
FEAE] SJEirE vholla el %Z*X—‘l?l o]z} 4l
84| 92 conserved sequenceZ- 71Xl HOE Aelsjofof 5}
o} 98 sequencel= EA wlo]|gjio)u} %—XH%}G] Eo]A
o] ofef stc}, AESJFFT 2AFIANA|, N Ex] A2
A8 EA, 34 FEA, AEAFE S vk 09%
T vlelgx 7& S 913 A% PCRY A% w2 1%
=7 87920, 27]. HP—} 2 271E W53 PCRE
B=21317] 93] Primer3 SoftwareE ©|-83}e] BVDV Eo|A
ol primer %% TlAkl 5kt (Table 1). RT-PCRE A3}
of Z47k] primer 459 WAEE FlsdH. Titerr}b 10°
TCIDsy/mL, 10* TCIDsy/mL, 107 TCIDsy/mL, 10° TCIDsy/
mL¢l BVDVE A2 RT-PCRE 43 A3} primer %
BVDV-F4, BVDV- R47} 71 mzkEs} $SEohRIR )

#|A]). RT-PCR &71& #4]3}3} A3} annealing temperature
2} MgCl, F5+% 7—}2} 56°C8} 3 mMo| it} # A 2
A} RT-PCR®] 9)7t=E 2431990}, Titer} 10° TCIDso/mL
9]l BVDVE &apH o2 3)AMsle] RTPCR 3 AT 1|
TCIDsymL7HA] PCR AHE-& #FHeld 4 U ohFig. ).
PCR AHE S sequencingdt ¥ blast searching (www.ncbi.
nlm.nih.gov/BLAST/) 3+ Z 3} PCR AHE¢] BVDV 43}
g T 5 UG AE. A,

Real-time RT-PCR ZXs}

RT-PCRE %4l &€ PCR 24< 7|22 AccuPower
Greenstar PCR Premix Ex TagsS AM8-3}ed real-time RT-
PCR Z71& &3 sl v}. Forward primer® BVDV-F4Z
reverse primer2 BVDV-R4E Al£3}le] PCR ul-5-9]
annealing temperatures- 4] 3}8151c(Fig. 2). Titer7} 10°
TCIDsy/mL, 10* TCIDsymL, 10> TCIDsymLel BVDVE

A|R.Z annealing temperatureS 52°C, 54°C, 56°C, 58°C,
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Fig. 1. Sensitivity of RT-PCR assay for detection of BVDV. M,
100 bp DNA ladder; 1, 10° TCIDsy/mL; 2, 10° TCIDsy/mL; 3, 10°
TCIDsy/mL; 4, 10° TCIDsy/mL; 5, 10? TCIDsy/mL; 6, 10' TCIDso/
mL; 7, 10° TCIDsy/mL; NC, Negative control.
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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

proportional to the amount of starting target. 4, 10° TCIDso/mL;
O, 10* TCIDsymL; @, 10? TCIDsy/mL; , Negative control.

60°CZ ™ 3}A] 7)™ real-time RT-PCRS $33131-& o,
56°Cell A crossing point7} 7} Al veld 56°C7) 2 A
22L& sk

27 2xoM MgCl, 5% W3kA# PCR 240& #A
3}8} 91 th(Table 2). Titer’} 10° TCIDsy/mL, 10° TCIDsy/
mL, 10" TCIDsymLg] BVDVE A|&& MgCl, ¥55 2.5
mM, 3.0 mM, 4.0 mM= H3IA| A7} real-time RT-PCR

Table 1. Sequences of oligonucleotide primer sets used in the detection of BYDV.

Forward primer Reverse Primer Nucl.e.o tide Aml?llcon
position* size
BVDV-F1 ATTGGTGGCCTTATGAGACA BVDV-R1 AGTAGITGTTGCAGCGITCC 2256-2393 138
BVDV-F2 TTAGAAGGTGCCAGACAAGG BVDV-R2 AGTAAGGGGAAGCAGCGTAT 1763-1908 146
BVDV-F3 CCTTAGAAGGTGCCAGACAA BVDV-R3 AGTAAGGGGAAGCAGCGTAT 1761-1908 148
BVDV-F4 GGAAGTGACGGAAAGCTGTA BVDV-R4 AGAGGGCAGTCAAGCCTATT 752-892 141
BVDV-F5 GACCCAGTTGAACCTCACAG BVDV-R5 TGTCTCATAAGGCCACCAAT 2164-2294 131

*NC 001461
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Table 2. Optimization of MgCl, concentration in real-time RT-
PCR assay.

Virus titer MgCl, concentration (mM)
(TCIDsy/mL) 2.5 3 4
10° 19.54° 20.48 25.83
10° 26.70 28.16 34.48
10! 33.24 34.86 40.06
Buffer control NAP NA NA

*Values indicate crossing point value
®Not applicable

& $8d S o 2.5 mMellA crossing pointZ}t 7H Bl
veht 24 MCl, 55 2.5 mM3S & & gl

Real-time RT-PCRe ¢I2M HS

BVDV A &L $38} real-time RT-PCR 8 2] Al 3 A
(reliability) & ¥.Z317] 98] S9€9 Ao U7x
(sensitivity), 2} 84 (reproducibility) 55 753t} w7t
=% 345P] 913 BVDVE €02 1004 343 +
real-time RT-PCRS $=83}qt}. 72t A|Fel| 3] Real-time
RT-PCR cycle 9ol u}-& fluorescence?td] 5715 #23t

(A) 19
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Fig. 3. Sensitivity of real-time RT-PCR assay for quantification
of BVDV. (A) Amplification plots obtained with 10-fold serial
dilutions of BVDV stock solution. (B) Melting curve analysis of
the amplification plot. BVDV stock solution of 10° TCIDs¢/mL
was serially diluted and cycle-by-cycle detection of BVDV RNA
was performed using the optimized real-time RT-PCR assay with
SYBR Green 1.

Az 97 EE 10° TCIDsymLY-& &l 4= gl chFig.
3A). Melting curve ¥4 23} BVDVel| Eo|zjq] HE3}
H|Eo]Hql B2 2 vrglen, s d2EdME
BVDVel| 5o]&Ql peaks 1T 4 AU (Fig. 3B). 55
& PCR AFES 1.5% (w/v) agarose gelS AHE-3le] A7
°§5 3 A3t 7t BVDV A RA oAk 7] WS
AIF 4 QUSIARY, 58 g 2TolME PCR A &
AF 4 AR WA A)).

#35l BVDV A AP 3L 8l MR o2
doll BVDV &5 8ol RNAS F%3}3 real-time RT-
PCRE 433t F crossing point 3H&- B8} (Fig. 4).
BVDV log titer(logyy TCIDsy/mL; x)oll ¥} 3} crossing point
() 78 BF 34 AA 2o Ay = -3330x +
39.59(AAA 4 P=0.998), A F9 A$ y = -3.421x +
40.33(r?=0.998), A A 2] A-$ y = -3.448x + 40.14(r’=
0.997) BVDV log titer®} crossing point 3t 7+2] 3|HAA
o] wi-¢ =it

o}2 RNA viruse(Hepatitis A virus, Bovine parainfluenza
virus type 3, Reovirus type 3, Encephalomyocarditis
viusyg ALE Fo|Ad& AP 23} BVDVE Z-lvt
fluorescencegt®] 3718 T&S 4= 9U3l L, ©FE vleoje| 2ol
M 38l A 27 2] fluorescencedtd] 715
#3234 9%k Fig. 5A). Real-time RT-PCR AHES
1.5% agarose gel AollA] #4383 Az} BVDV A dl2F
ol A5 PCR Hhg- AbEo] AN, T2 who2| gt &
8 24 dEFolME PCR 4k ARZo| AAHA] sk
< & F U SHFig. 5B). o]} 22 Aol A FHPHA
real-time RT-PCR W2 BVDVel] So]&el A4S &
A

CHO MIZZFO0IM real-time RT-PCRE 0|88 BVDV
&
)% real-time RT-PCRE- &2 oFE A ZFA- N A4

40

Day1
£ 35| o
's 30 L lDay2
2 25} ADay3
2 2 |
g 15 |
e 10
o 5t

0 N N _ R _ _ -

0 1 2 3 4 5 6
Virus titer (log;o TCID 5,/ml)

Fig. 4. Reproducibility of real-time RT-PCR assay for
quantitative detection of BVDYV. 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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Fig. 5. Specificity of real-time RT-PCR assay to potential cross-
reactive viruses. (A) Amplification plots; [1, Bovine viral
diarthoea virus; W, Hepatitis A virus; O, Bovine parainfluenza
virus type 3; @, Reovirus type 3; A, Encephalomyocarditis virus;
A Negative control. (B) Agarose gel electrophoresis of the PCR
products. Specificity of the real-time RT-PCR assay was evaluated
using the optimized protocol and then the PCR products were
analyzed by 1.5% agarose gel electrophoresis. M, 100 bp DNA
ladder; 1, Bovine viral diarrhoea virus; 2, Hepatitis A virus; 3,
Bovine parainfluenza virus type 3; 4, Reovirus type 3; 5,
Encephalomyocarditis virus; NC, Negative control.

& 4 oleA] Fels)) 918l Ql9A 22 BVDVE 294
71 CHO AlZF<llA BVDV Z& A8-& Akt T-25
flaskell WioFEl CHO DG44 M %o BVDVE Q¢Hde® ¢
HAIZ F T-25 flaskel] 39 o Al wickspaA Wi az)
2 Fsielel. BVDVE CHO DG44 Al 50l A W 3}
2 ez sRIchFig 6A & 6B). AlEH) AFH 4 mL
£ 348132, CHO DG44 M EE trypsing H2)s}e] 4 mL
Fu|2 slsisict. Al Eeef AN} CHO AlEoA 2zt
RNAE F%3t1, 39 real-time RT-PCRE ¥4-3}o]
BVDVE A3 A& ch(Fig. 6C). AlEuofAo) e 35
TCIDs equivalent/mL BVDV7} &=, Al ZellA= 20
TCIDs, equivalent/mL. BVDV7} Z &5t} &% PCR
XHE-E 1.5%(wiv) agarose gelS AH§-3le] 7] o538 4
2} 7} BVDV SHIA &R, Ak, AlZellA 4t 22719
HEF AT 4 UMARE 24 HETIME PCR AR
< F9ld 4 919 th(Fig. 6D). BVDV7ZE ¥4 ¥ CHO
DG44°l M= BVDVE ZH&E 4 AdsehRIE v]al|A]).
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Fig. 6. Quantitative detection of BVDYV in artificially infected
CHO DG44 cell line. (A) Morphology of CHO DG44 cell line not
infected with BVDV. (B) Morphology of CHO DG44 cell line
infected with BVDV. (C) Amplification plots of BVDV positive

control (1), CHO DG44 cell line infected with BVDV (), cell
culture supernatant (O), and negative control (@). (D) Agarose
gel electrophoresis of the PCR products. M, 100 bp DNA ladder;
1, BVDV positive control; 2, CHO DG44 cell line infected with
BVDYV; 3, cell culture supernatant; NC, negative control.

2 22l S2RH0M real-time RT-PCRE 0|88 BVDV
e

39 realtime RI-PCRE 4 o] =M AZFA
HEa 4 osA] gelslr] Qs Y LE BVDVE &
GA1Z1 ElAlel A BVDV &A1 S A skt Titer}
10° TCIDsy/mL3l BVDVE £ald o2 (ou]4 3AMsr &
Zt 3|Mef 0.2 mLE& A& frefl Z2}4 1.8 mLel| spiking &
o} #2313 real-time PCR HP-E AMsled BVDVE &
slgdet. 7k AlZof| W) real-time RT-PCR cycle S0l wh&
fluorescenceZk®l 5718 A3 A3} 10 TCIDsy/mL7HA] &
FHoRZ A& 4 e Fig. 7).
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010% TCIDs,
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4 10°TCIDg,
© Negative control
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Cycle number

Fig. 7. Quantitative detection of BVDYV in artificially con-
taminated bovine collagen. BVDV stock solution of 10® TCIDsy/
mL were 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 BVDV in the artificially
contaminated bovine collagen was performed using real-time RT-
PCR.
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A = g9, A, 23, 713 55 o83t BAEE
AE2E, ZATIANA|, NEXBA= A5 AA o 7
A WY At 298 FFsA o] si7] el oHA &
7} W 2 A 9 kR AFE I Q). Al f3ist
vlo|gjav} REE AL WA|sle] kgt AESA Al
7t AZ2H 25 5] feiMe o4 vlolglad A& Y &
23] o= AA A5 A 71 ]elelst ds, 8, 20].
w3 A ES EE ABNE SAFY Akl o] 27744
A AZFAe gt HAZ FAA7) DoAele}, BVDV
E AEE A2S AEFY kS A8 A7l 8
Holl 2% AL} Q171 gl oAl A Al H3 o
= od9A R gA, A A3 849 shel)
ujebr $HA-E Axeef A8 2 AN A ETY 3¢ db
=2 BVDVY] 29 ofRE NIztes} Eo|xr} S5t A%
g A= gelsle okt g1, 10, 13]. Al E2] 849
Wef AR $HAE AME Aol =, BVDVSY 4 o
5-E Bholslefot 3ie}, w3 40 2A]S o] §5le] YA
He el 2AFERAL] 7t ® BVDVE] 24 &
55 galsleopst giot Wil == e 5] vlelg
2 29L& wAEl] 938 ICH 7Ho] Z819) (QSAYS Y &9
29 ARE AR, AZFHANA vleldEx AlA TS
H715h7] sl 9 xsl Eolxr 9t A%H AW
WS AMSRES AR U171, E2 AEREe] A
Zol| AMERs A EF SHA[FIA SR wtelelA A
o] PCR P& o] 838l3a} 8= A7} A== 4, 22,
27, 29].

BVDV ZZEAIHL F2 4 Ao As 98] /i
o] gic}. BVDV AEAIHY 22 wAl-o] AxAelA 3
spaHA 2F ELISA HPH o2 1S &3, v

BVDV A E &t Wy Fol ot o3t AlgH2
7R} Bo|Er}t Hoiz| = ©Ae] Qo). mehr wlztze}
Eolx7} AdlH o2 43} RT-PCR, RT-PCR-ELISA,
real-time RT-PCR ¥} S| 7=glc}2, 21, 23, 25, 27].
o]2|d PCR &9 WI7=+ 20~1,000 TCIDsymL A=
2 A AW AdS $eiME A3 el Al g2
FFol| A vlolH A A& Al es g7 HsME o
W=7} 32 Aol a7HA

£ d7oME & fE 48 ANl AEYdEE =
2 F3AA, AEXBA ] FIAE BEE7] 184 BVDV
£ AYH02 N4 42T 4 A WHES) Fol )
4%} real-time RT-PCR A| @& 7|23t z} sl¢dd).
BVDV AA 4212 9422 BVDV genotype la, 1b, 2
£ 25 A&3 4 9J= BVDV 5¢]A <l primer 42
ztelslede}. 5%42] primer 5 BVDVE)] proteinase 742}
£ gAe 2 ojx}el 8 primer % BVDV-F4, BVDV-R42]
NR=7} 71 58 AEE primers #4314
annealing temperature$} MgCl, 5% 5 real-time RT-PCR
7% X3 A7 39 A WA EE | TCIDsy
mLe|$ieh. 3= BVDV Az A8 758 A8 A
2 t}E o BVDV EFA] 50| RNAE FE3}T real-
time RT-PCRE 433t F crossing point 345 ¥l w3t 23
BVDV log ftiter(log;y TCIDsy/mL; x)o =3t crossing
point Zk(y) 7t EF 3HAe AAAF (e BF 0.99 °]
Ao AHAE ozt A ] v 252 ¢ 5 4
oot g okEe] FAdE il glo] Al UztE
oF QAL BMe A, BolA, AE3A =t 3 o)
- Z8% 89107 TEEHEH, ¥ dFolA FH3 A%
W& BVDVE Al ol R1g=e} i) 3
< g st

WHO, EMEA(European Medicines Agency), FDA(Food
and Drug Administration)2} 2+ AI718-2 -2} A=
il oefFE AP A8 ARk FEA 2T v}
2EJAE (Master cell)2} A 284 F (Working cell)ellA 218
A wlolela %) Ui B AR Hehx, AEF] 9
2 ulelzi2 o9 g Haseln A, w43 A%
o] o] == AR A@H(In vitro A1FH, In vivo Al
e, AL A A 5 e UaE 2AAE
Ho] AME-3lEA] ¢k2 AA o]t} 9CFR section 113.532 4
BEA 8 AE M EF(primary cells == cell line)s
ALg3e] QAR ABEA, A AET, T4 AR
24" e Pl AT HEIEF 27 ST
A e BAS 952 AR 9 4 f) vhelelae| 4
A 7}9=+= BT(bovine turbinate) M| ETZS AR&35}e] H}o)
YAE ZAE3) BT AEF d3A X0 A8 EA, A EF
B9, T4 A=, HAE, AFE 5 7K F 79 ¢l
Ad ks shEA M EIE BEsle] 2P RS Ad3)




A} haemadsorption test® £l ulolzlA @ Qo H-5 Fct
gio}, w3k BT A EF @34 ol YBEA, A EF s,
A4 AE, AE, SAFE 5 37 F7d oA i
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BVDVel| 2% CHO MEF7} Wis)E do7|As ¢
A, CHO A E5-9} Al 25 i<} A5 A BVDVE
Eax oz HE3 4 9ot BVDVE CHO Al 259
lysis§ Y271%] %1 Zeh(budding)ell &3 F4317] H&
of MEHHAALE Jo7)7] g Aoz A uely
BVDV real-time RT-PCR A& SEHIF H52 YAk
T4 ZAZM BVDV £4 45 AAA == Ay 7
2% 7 UE 5T AEHYS g9 4 ok

A f FEHL 984 HAAEE de) o] 8= giA)
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HA HASA2ES T80 oA BE A1gE AAjel
T 9o}, sAink BVDVE E3}4 o8 723 & gl AlY
o] B5]%7] oko} real-time RT-PCR AW & wlz}st
Ao a7 et B d7E B3 )% BVDV
£ AEYE 05% Fepllel A4519]& 9 10 TCIDsy/mL
7] A2 AET 4 Qo] FEe FAES &4
& 4 9le 58 AlHY S Felsldn UAEES 2o
7] AsAe el 22 E BVDV RNA 55 £719] 3
3Pt g9 sioiar g

Real-time PCRS 43 uloleix Agk 7% whie- =2
2ulgas] FAI 2 il e A FAA o)
o] npe|AE AAZIe| A3z} & 4 9l7] WEel,
kE A2FANA vlolala A A AlY A 737
5} 3 M4 5 de 43 WplEd B oiE,
A7 E R e BN 5 gl azeiE s AFT
Aof|A2] nlolela qbaA] A&l B8t = 9= A vt
ol 20]. ¥ AFE 53 &3 ¥ BVDV real-time RT-
PCR AlFH = AZulok 2l A2ookE Az FAA u}
olglx A 7FH AzvkEads] AlF Al f-8381)
AHE F9lE AeE T

2 %

29 o, AE, 24, 7% § & f9l BUS 982 4
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B Al gt vlojei2rt 248 ARE Q7] el
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real-time RT-PCR A13W& &53}9it}. BVDVel Se]3ql
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