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Bovine Herpesvirus Type 1 Mg ZHEE £/8l Real-Time PCR

Ol5%' - MEM* - o|™s' - ZEH2' - OPHR? - HQAY™
"ShATHSIm Y - i aieitist MBS B0 |QHI= ) AT

29 ¥, A X, 24, 7)1 2 A EY FEFH A THAA, A XA 241 8] 482 3] AHH 2 gl 2f
A S YBE ALR AA S AF 2F4 42 B ol GFg vlelelart e G4 A7t 17] W £l whel g
A 71 %<l ¥ 44 ¢| . Bovine herpesvirus type 1 (BHV-1) Axell Al 713 E3}1A) 2H4 H = wlol = 39 8
oo} &4 EAS YR 2 3 A2 F, 2 THAA, A EA A Fol A BHV-1HHA & G187 9]
3, 254, A=FA, A FA BHV-1S AFH 22 &3, A =F YoM BHV-1 AA A 5L A2 A
HYo2 §48-¢| 75 BHV-1 real-time PCR A1 9 & &5 2t} BHV-1¢]] §-¢] 3l primerE 48 8}5] 2.9,
%49 & SYBR Green IS A8-3t<] BHV-1DNA A% A& A4S 34 ssigl . A Tl el &2 399
7}¢} v] 2% 2 3 real-time PCR %1723 2 TCID,/mie] G e} S 1 A1 9 9] 4] 2| A (reliability)g 3-5317) 9
8 A9 3 F-E AA G A3} 5 o] A (specificity) 3 A B A (reproducibility) ] 5% &<l 39} 9 € real-
time PCRE M &9 %4F AT A5 448 + A=A A7) 415t A9 22 BHV-1& 2942
Chinese hamster ovary (CHO) | £5¢} -3 E2A o)A BHV-1 7 & A1 ¥ & A1 A s}gi o). BHV-1S g A1
CHO A Xoj A M 8 338 #2Y 5 GAAT, A} 2w F FA o] A BHV-1& AFAH 22 N3¢
T U &Fd FEAAHE 10 TCIDyml 74X AFA L2 2 E 5 Ut $19 2L A} ¥
BHV-1real-time PCR A1 8 2 A 89 45 A W3S AWM EF DS, A EHF AL T4 35, vl
2AA 34 AT SolA FFA7 A 22 A EFA AP S A = A= A48, Fol s 2z

Aol $5% YIS BAs
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AFY ", AE, 237, 713 5 AEEH 22 FA)
A, MEASAS] 452 de] ARSHIL vh24, 28). &fE 8
e AEE 9y A 55 A7) 93 AR83se CHO
A3, baby hamster kidney (BHK) A%, hybridoma A X2} w4
= A7) A% AEFE widsl] A% dsEAE AHEEnh
T3 afrdl AL AWHIEAEA, FSFAHANEXEA T
ojFMEAEAL] MFS AT YEEAZT AMEET(10). &
ZZ 0 2 HE FE3 el e JodA, A8a, Alxy
2 FEo] $53l7] Wi 958 YAAZEE gy o] &H
ATkl 20, 21, 23). & FHE NEAAJNA} TR, IF
i FRAPEE oA, GRFRE oA, FENAG A4 TY &
o) = 2AAFA Y58 2AZ A EA, Zdulo]AA] T
9] Y52 ARRHETHG, 12). o2l MEuid el BEFET
ZAFEAA, AZX AT AAANA F2% B4 BAERE
717 EAR HFAF) dig Szt BAvto 2= AF
B5E Bris] ook g 98 Ao ZEA ¥ ARt
ogd sisdol Z7] vl A B3k =7e] o8 AR
H Joigthd, 15, 19). webA < World Health Organization
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(WHO), "=, 7 5-& T4LE o33 A HEA)E o
g AT FEA B4 3 dERE SAF o2 A
A AzFAl gk A3 F2EE Y] FaA0] UIFHL e
Ao}, 6, 16).

afrel B8 2 7 e FEAE ¥ A7 F Hlolgx
= TR o HE I Alsg e Qs o F840]
o ZAzxHL AT, AA A= FA|RAMT gk
3} 22 FEAA, AEAEANA HAY = A4 93] vl
229 @ ES R|Ey| Yt U} oyt 973t HEA]
] AL, wbelEl AA L £8s 3 g 743, vlo)
H& B/ VE 4 A Tl B3 A7E s JPsia
ATH(18).

AZGF, 2T %F, AEAEA AZA] ARREHE ¢
BEAY 7193 SAd wet 2 vlole|2e] AAdgo] wl$-
teFet, el dEEEE TS AR oA F5EA A
At)ato] He HEHQU 2 Hlo]#]2E= Bovine herpesvirus
type 1 (BHV-1)°JTH9). BHV-12 A0)|A] AEAA 1713 (infectious
qEd XA 9S-F Y(infectious
pustular vulvovaginitis), W83 XA FE3 Y (infectious pustular
balanoposthitis), 3}, 294, H9 5& e 7P H¥F
¢l WA Hlo]azolt}. o] ulo]#|2= Herpesviridae Thol] 475}

bovine rhinotracheitis),
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B, 89 double-stranded DNAZ TAE 137 kb F-HAES 2t
T e ol HG ulo]# X(enveloped virus)©]TH27). BHV-1-2
FEAX 8E v E AHEEE S84 (Fetal bovine serum)d]
7V WA L= E vlol#2: F9f shve]r] W] AE4
oRE AJAHE MEOl AlzFF LE9E 7FsAde] JUTha, 10,
13).

BHV-1 A& A1@Yd tist AFe T2 IF 78S s A
|3 49 AR A BHV-1 ZEARE wE A7t dkslast
3H= PCR¥} nested-PCR A8 R0l FSEo| SThES, 14, 22, 25).
B APgME ofd B2 d8% = YEoRE, 2338
AA, NEXFA SolA BHV-1 SHAAE BR317] 93], 98
EA, ARZA, $AZA BHV-1& AFH o7 7AE3)a, A=
oA BHV-1 AA ASE A3 APHoE &8o] b3
A% e Bo|vrl 93 realtime PCR A|EHE Sdsiazt
31cth. =3 EYE real-time PCR AlH-E -83led Q19j4o
Z BHV-12 7+8A1Z] CHO M=} Al Z=HllolA BHV-I
S Aoz AT vl (A HE AFHeEY &
£ 7FedE Hrlskadnh

T

BHV-19] HiQf & &t

BHV-1 (ATCC VR-188)9] wll¥#} &S 93] Madian-Derby
bovine kidney (MDBK; ATCC CCL-22) AEXE A}83}4 .
MDBK A¥E 10% $¥7%(Gibco BRL, USAYE 7te
Dulbecco's Minimun Essential Medium (DMEM: Gibco BRL,
USA) iAol #jokatc}. T-150 flaskol] BiQFE ©F Ao u}b
ol#|lAE ZEAZ & FrFog A EWW A I (cytopathic
effect: CPE)S #&3}4tt. CPEZ} BwishA] w2 2 ) vy
I AEE AT T, 400xgol A 587 A4 Eelste] AEA
S W FOT pellet> AHEBIGATE Pellets T2 s
o 23] WHEsle] Ta|st T 400xgoll A 587 YAl Helste] A4
A-G AU} YA AedE EHT F 045um filterE o7
3k ok sl 70°Cel] BTt

BHV-1¢] F#F& 943 ZEA U= vlolz 29 derg 50%
tissue culture infectious dose (TCID;pE WENMHSITE BHV-1=
2% 83 715t DMEM HiAZ 78j52 548t 24 well
platecl] ¥iFE Al Eel 025 m¥ HE3IATE SANETOE AE
Bl A E 025 m HESHAS 2 F COo, WM 5%
CO,, 35°CE HjFsluA A& o dn73 o2 CPEE #Ee}
At

ot

of

Primer2| M8

BHV-1 FAAE 5F317] 98l AHE-d S2j 344}t primer &
71XA8-& NCBI data baseo] ¥ BHV-1 complete genome
(NC 001847)% 7]Z 2 Primer3 SoftwareS o]-&3} TIA}Q15HY
Th(Table 1). Corbett Research*H(Australia)2] PALM-CYCLERE
o83+ Ayt PCR ¥H$-S B3l TIAR! g primer 452 50l

Bovine herpesvirus type 1 3% HEE % real-time PCR 15

A& 215}, annealing temperature} MgCl, S=F WHIA|H
PCR Z7& HAgsIYr) =3 $3FE DNAYL 5248k A&
Q1E #218}7] 918le] PCR product®] DNA sequencingS 4
AT,

BHV-1 DNAT GENE ALL™ Blood SV Mini Kit (General
Biosystem, Koreay& AHE-8led £2]3}3th PCR ¥He-& #&) v}
o] 2: genomic DNA 2 ul, 10 pmol forward primer 1 pl, 10
pmrol reverse primer 1pul, 2X GoTaq®Green Master Mix
(Promega, USA) 12.5 ul %Al Nuclease-free water 8.5 pl&
HArystel HAZRIE suE 2HEAT. HUAFEL pre-
incubation® 95°Col A 2%, denaturation2 95°CollA 30z,
annealingS 303 (annealing 2% HZA3E H3f 52, 54, 56, 58
ocol 4] PCR =38), extention 72°CollA] 1822 3] 45 cycle
& FHSH 45 cycle PCR F 72°Co A 58 ®E3AID &
1.5% agarose gel (Sigma Co., USAYS A3} 100 vV ZHgte
Z 30% A% 47195 F ethidium bromide® F443t] PCR
HESAHES ERIsIAT

Real-time PCRZ 0| &8t BHV-1 DNA H &

BHV-1¢] A& $1s) Iw+ PCRS 53} E7l€E PCR 23&
7122 AccuPower Greenstar PCR Premix Ex Taq (Bioneer,
Kereaye AHE-3H real-time PCR Z71S #3Ith. BHV-1 A
29 8] Corbett ResearchA}2] Rotor-Gene 3000 real-time
PCR 71A1& AF&3}9th. PCR Y2988 AccuPower Greenstar
PCR Premix Ex Taq 5 ul, 10 pmol forward primer 0.5 pl, 10
pmol reverse primer 0.5 ul, template 2 plol BFE 33 /T
= Yol £ 20 p7} FA 39 H4HEELS pre-incubation
05°Col|l A 153, denaturation2 95°CollA] 10, annealing2 30%
(annealing 2= HAZE 28] 52, 54, 56, 58, 60°CAA] real-
time PCR %3)), extention 72°Co|lA] 3022 3t 50 cycles
FABAT. THAT cycle Folle e WEl tisted 7278
95°C7+A H o)A melting curve 418 AAIBHTE HF
MgClL, FEE 474317) 93] X318 annealing &% 52°CA
MgCLE 2 mMolA 5 mM7HA] ®ISHAIA FH718|E BHV-1
DNA &% W2 crossing point £+ ¥ 3T}

TiterZ SA3l1A} 3= ARET 4 TiterZt 2x107 TCID,y/
ml¢] BHV-1& 31802 2x10° TCID,/m7HA] 109HA 8]418
F realtime PCRE 53431 AHL A% XEFAE AR
t} A& ol E910E BHV-1 DNAY] & BFE3A0) didst
of ). BFET4AL BHV-19] F=] ©} real-time PCR
o 2)8l 71& 3+ crossing point k2 TCID,, equivalent/mlE. 3
23t ZA3FA Tl Crossing point= PCR cycle®] exponential
phase2 EO171= cycle 5 UERITH A8 &9 59 =
BHV-1 &4& #1517] 98] ofefst 22 A& AH8-3isith

Virus titer (TCID,, equivalent/ml) =

Result (TCID,, equivalent/ul)XElution
volume (ml)

volume (ul)/Sample
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Real-time PCRS| M E2|M HE

P BHV-1 DNA AZFHe| A=A (reliabilityyS EF3}7]
el 8 AFHe] U (sensitivity), A A (reproducibility)
52 AEsgtt. W E 243817 A8 titer7} 2x107 TCID,y/
ml¢] BHV-1& €314 02 2x10° TCID/mI7HA] 109A 3]4%
& real-time PCRS 331t AEA AES 930 titer/} 2x
10" TCID,ymi! BHV-1& &322 2x10° TCIDyym7HA] 10
9A AT FFAIEE ME OE o 33 FF £
crossing point & WINSEATE 5ol HFE 3 human
parvovirus B19 (BBI Diagnostics, USA), minute virus of mice
(ATCC VR 1346), bovine parvovirus (ATCC VR 767), porcine
parvovirus (ATCC VR 742)°] t$t cross-reactivity® 7831t
A Boll AHEEE mlo]H A9 titers 2+ 9.4x10° TU/ml, 10°
TCID,/mi, 10° TCID,,/ml, 10° TCID/ml®} AT},

olo|Xoz BHV-18 ZYHAIZI
PCRE 0|88t BHV-1 &

3P4 real-time PCRE AEQRE AZFA HFol 28T
F A=A #Qls] Hstd AHAHSE BHV-1E LFAT
CHO AEF)A BHV-1 A& A1&-& 41819t CHO DG44
MEE 5% $EAHE H7ISE Iscove's Modified Dulbecco's
Medium (IMDM: Gibco BRL, USA) ®¥iX]o| 100X Hypoxanthine-
Thyminidine supplement (HT supplement; Gibco BRL, USA)
1% A713le wjF3tdnt. 125 flaskell %E CHO DG4l
BHV-1S ZEAIZ] ¥ 49 B3t i3t A2 widlS AA
T AE vigedol] Folgls 4 3l BHV-1S &3] AAs}t
7] 8180l phosphate buffered saline (PBS)2.2 3¥ A|23 o}
CHO DG445 AW viF3ldet. 4 B2t vt 3 oA Aldh
i3l The- 4% Fo | F 02 CHO DG4S 54S #Ed
F AE AT NEE 12 FASAT. FHE real-time
PCR W'H& o]83le] AX ez} A Ed| BHV-10] EAsH=
A 122 82154tk Realtime PCR WA HIZTFLEE Titer?}
10’ TCID,/miQ] BHV-1& AH8315 o1, &4 dZ2F 22+ CHO
A FEF v R == HIAEE CHO AEFE ARSI

CHO MIZO|A real-time

272l Z2HA0M real-time PCRE 0| 28t BHV-1 A&
Y H real-time PCRE A7 EzHA A2TA HS A&
& JeA FAs7] Ast] JAAHSE BHV-1E LEA
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ZatA0) BHV-1 A& A18-S AAIEE TiterZ}h 10° TCID,y/
mi®] BHV-1& 31802 10ufd g4 & 2} 3149 02 ml
S 2Fd EFA 1.8 mlol spiking? -2 B P real-time
PCR HPHS ARE-&le] BHV-1S AZE3I9T} Real-time PCR 24
HzFo 2= ulo|HAE H/RBIA ¥ FEHE AHS3 %

2

Primer2| 88

PCR "< AME31e] 57 nlolelx EAE 1, FHE
23517) e ol VoA FAAR] Holrt AekA] ek
conserved sequence® 7+ F-HE Aedtoiof itk H€d
sequence= 573 Hlojg]2ojvt &A1) Eolido] Folof F).
AEo)opEs A FAA|, MEA8AL daEd, 34 ¢
23, AZAE 5ol njEeZ 0dE F YE nolgA HE L
9% A% PCRY A =& UHTI @FHEN, 2). A9 2
< 27& WE3= PCRE 93] 3) Primer3 SoftwareE
o]-&3ld BHV-1 50]3<] primer 4% TIARJISISTH Table 1).
Uuk PCRE AAIEH] Z4zte] primer &9 UUEE 913K
t}. Titer7}b 2x10° TCID,y/mI# 2x10' TCID,/mi$] BHV-1% A]
82 PCRE 383 A3} primer % BHV-F2, BHV-R27} 7%
Tze7t S5 ThetR vAlA). PCR 218 A8 A9
annealing temperature®} MgCl, == 742} 52°C9} 3 mMo|%]
o} #HA 274 pCrRY UAEE 3351 Titer7} 2x107
TCID;yml{! BHV-12 x5 o2 343te] PCRE 2 2x
10° TCID,ymI7}A] PCR AHES 1% 5 SIATHFig. 1). PCR
AHE-Z sequencing®t 3 blast searching (www.ncbi.nlm.nih.gov/
BLAST/) & A3} PCR 4H&o] BHV-1 32148 8918 4+ 9)
AEE PAA)).

BHV-1DNA H2E $[8} real-time PCR X%{5}

Yuk PCRS 53] §¥¥E PCR UL 7]&2ZF AccuPower
Greenstar PCR Premix Ex Taq (Bioneer, Korea)S A}-&3}cq
real-time PCR 7S #3313t Forward primer2 BHV-F2E
reverse primerZ2 BHV-R2E A}8-3te] PCR WH3-9] annealing
temperatureS #2813} Ch(Fig. 2). Titer7} 2x107 TCID,y/ml,
2x10° TCID,y/ml, 2x10° TCIDy/ml, 2x10' TCID,/mi}! BHVE
A2 2 annealing temperatureE 52, 54, 56, 58°CE WH3IA|7|H

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

Forward primer Reverse primer Nucleotide position® Amplicon size
BHV-F1 GACCCTCGCCGATATTTATT  BHV-R1 GAGGGACCACAGAGAAGGAT 127549-127651 103
BHV-F2 GAGGGACCACAGAGAAGGAT BHV-R2 GACCCTCGCCGATATTTATT 110567-110669 103
BHV-F3 GCGTCGITTCTAAAGAGCAG BHV-R3 GAGCTGITCACCCAAAAAGA 23143-23255 113
BHV-F4 GCCGCAAGTTTATGCTGTAT  BHV-R4 CATCGAGGCAGTIGTAGGICT 706- 849 144
BHV-F5 GGTGCATTGAGCTTGACTTT  BHV-R5 GTACTTGITTGGGGACACAGG 1458-1600 143

ANC 001847



Vol. 44, No. 1

200—

100 —
Fig. 1. Sensitivity of PCR assay for detection of BHV-1. M, 100 bp
DNA ladder; 1; 2x10" TCID,/ml, 2; 2x10° TCID,/ml, 3; 2x10°
TCID,y/ml, 4; 2x10* TCIDy/ml, 5; 2x10° TCID,/ml, 6; 2X10°
TCID,y/ml, 7; 2x10' TCID/ml, 8; 2x10° TCID,/ml, NC; Negative
control.
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R d
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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 proportional to the
amount of starting target. (A )2X107 TCID,/mi, ([1) 2X10° TCID,/
ml, ( ) 2x10° TCID,y/m], ( O ) 2x10' TCID,y/ml, ( @ ) Negative
control.

real-time PCRE 831 HE w 52°Co)| A crossing pointZ} 713
S et srot 29 218 2 4 Ak

A &zl MeCl, =5 WA A PCR 21& HH3}st
SAth(Table 2). Titer7} 2x10° TCIDg/ml, 2x10° TCID,/ml, 2x
10" TCIDg/mig! BHV-1S AJ22 Mgll, 35S 2 mM, 3
mM, 4 mM, 5 mMZ W3 A7} real-time PCRE 33}
S 9 2 mMoA crossing pointZ} 7HE WA e} FHF
MgCL EEE 2 mMYS & 5 ATk

Real-time PCR2| AME|M H=
BHV-1 DNA AZL 93} realtime PCR HHe]l AgA

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

MgCl, concentration
TCID,/ml
2 mM 3mM 4 mM 5mM
2x10° 21.02° 2542 33.38 41.84
2x10° 2791 32.29 38.18 4324
2x10! 34.74 36.91 41.00 44.74
Buffer control 47.50 46.90 47.20 47.54

#Values indicate crossing point value

Bovine herpesvirus type 1 A% &S 3} real-time PCR 17

(A)

©2x107 TCID;,
od *® 2x10° TCIDs,
"3 02x10° TCIDg,
©2x10° TCIDgo
2 2x103 TCID;,
0.4 «2x102TCID;,
o 2x10! TCID;,
*2x10°TCID;, .
* Negative control

Fluorescence
:

0 10 20 30 40 80
Cycle number

(B)

02x10? TCIDsg
1.7 =2x108TCIDg,
0 2x108 TCID;o
®2x10* TCID,
& 2x10° TCID;y
X102 TCID;p
©2x10 TCIDgy
* 2x10° TCID;,
# Negative control

P

dF/dT
s 5 2 o

Temperature (°C)

Fig. 3. Sensitivity of real-time PCR assay for quantification of BHV-
1. (A) Amplification plots obtained with 10-fold serial dilutions of
BHV-1 stock solution. (B) Melting curve analysis of the amplification
plot. BHV-1 stock solution of 2X10” TCID,y/ml was serially diluted
and cycle-by-cycle detection of BHV-1 DNA was performed with
SYBR Green L.

(reliabilityys B53}7] 918l FE AFH] W= (sensitivity),
A8 A (reproducibility), 5] (specificity) 5= ZA=3I4ct 97+
TE A3 93 titer7} 2x107 TCID,ymIQ] BHV-1% <213
o2 1080¥ FA3 & real-time PCRS 331t} 2+ A g9
5} real-time PCR cycle 59 W2 fluorescencedte] Z712 #
A3 A7 97REE 2 TCDmYS 98 4 UAcHEg.
3A). Melting curve 4] Z3} BHV-1 DNAo| Eo]¢] HE3}
primer dimer 5 PS04 F2OZ %o, g8 o
ZT A= BHV-1 DNAY| 50]3Ql peakE RIT 4 It
(Fig. 3B). SZ% PCR 2H&& 2% (w/v) agarose gelS AM8-3}
o A7) 953 23 7 BHV-1 A EAA o4 =719 W=
& T F JUAUAR, 58 tlRTolA= PCR AHS &
g 5 ARATHALE PIAA)).

Z4¥ BHV-1 DNA A9 AEA A5 98 A= g
o] BHV-1 EFAZ A DNAS FE3)3 real-time PCRS
483t & crossing point k-2 HIWEH THFig. 4). BHV-1 log
titer (log,, TCID,/ml; x)* W&+ crossing point Fh(y) 7te] EF
FgAAL AR Fo| B y=43831x+50671 (AAASF =
0.995), B4} do] 7% y=-4.3262x+50.255 (>=0.994), A5 22
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Fig. 4. Reproducibility of real-time PCR assay for quantitative
detection of BHV-1. 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.

7S y=4.1430x+49.666 (P=0996)= BHV-1 log titerSt crossing
point gt 7t} F|AX o] Wi EUT

T}2 DNA virusS(human parvovirus B19, minute virus of
mice, bovine parvovirus, porcine parvovirusys- Ui 2 EolA]
S AFE A3 BHV-19] 73-9l9t fluorescencedte] 7 #
2 QU e vlojgzoNE 4589 o4 tiEEH
2o fluorescencekel 712 TES 4 YA (Fig. 5A). Real-
time PCR 2FE-2 1.5% agarose gel “gollA] F4%F A3} BHV-1
P thEFeARE PCR ¥HE o] AAHAT, The vlel2|2
o S8 54 thETAME PCR ¥hE AHEo] B4HA &
SIthFig. 5B). ©19F 72 Ao FHPH real-time PCR ¥
2 BHV-19] Eo]5] AFHP-S ARISIAT

BHV-10| 2¥E CHO MZFO0|M real-time PCRE O|&
8tBHV-14&

#4¥ realtime PCRE AERE AlZ2gAd A& 5 3
A #8) Y8k A9H R BHV-1S L EAIZ) CHO Al
XA BHV-1 AE A8 ST T-25 flaskel] ¥igd
CHO DG44 A|Xo) BHV-1E UHeZ 28A1Z F T25
flaskel] 39 o3 Ald] viFelAA HHEAE st BHV-
12 CHO DG4 A|ZFolA ¥HaRE Y] dthFig.
6A and B). AEHF AHD 4 mi& 35381, CHO DG4 A
XE typsing AME[St 4 ml FHE S8dct. A XEEid A
Ay} CHO MEAA 22t DNAS F535101, S84 real-time
PCRE &85l BHV-12 AF AE3IAhFig. 6C). MENSF
Ao A= 1.4x10° TCID,, equivalent/ml BHV-10] AEHAL, Al
F A= 5.8x10° TCID,, equivalentyml BHV-10] HEEHJT. Z
Z3 PCR AFE-& 1.5% (w/v) agarose gels A3t H7] d&
g At Z} BHV-1 UAAIR, AEuotel, MEoA ¢ =271
M=g FAE 5 IAAT, 4 hEZFoIAE PCR AHES &
Q18 4= gliThFig. 6D). BHV-10] ¥]ZF4E CHO DGMIME
BHV-1& H&E & gIUTHE vAA].

2R S0 Real-Time PCRS 0| 28! BHV-1 &
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Fig. 5. Specificity of real-time PCR assay to potential cross-reactive
viruses. (A) Amplification plots. ( [J ) Bovine herpesvirus type 1, ()
human parvovirus B19, ( O ) minute virus of mice, ( @ ) bovine par-
vovirus, ( A ) porcine parvovirus, ( A ) Negative control. (B) Agarose
gel electro-phoresis 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 electrophoresis. M;
100 bp DNA ladder, 1; Bovine herpesvirus type 1, 2; human
parvovirus B19, 3; minute virus of mice, 4; bovine parvovirus, 5;
porcine parvovirus, NC; Negative control.

FUE real-time PCRE &:F2) Seba ARFTAQ H8 5
AEA) AR5 Y3k AYHoFZ BHV-1S 297 242
oA BHV-1 HEAIEE AASAT Titer7} 10° TCIDgy/mil
BHV-1& A 02 10802 348 § real-time PCRS 5343}
11, Z} A8l tha) real-time PCR cycle <7l ™2 fluorescence
9] 715 B2 23 10 TCID,/ml 74X o2 HE2T
& AATH(Fig. 7).

]

Al

2fe A, AE, 24, 7|8 5L o83l YAtEE AEY
oRE, ZAFEAA, AEXFAE A7 AA] 2EAE B 2
A7F LG8 7FsA0] 7] wWiZel A grot bt & 24
9 R gFEI Uk Ao F3E vieolE 2t QA==
AL wR)Ele] QbHE AEEE A7} AZHEE 317 YsiA
= 24 vloly2e HE 2 g3 ke A PF5 #9 U)e
& Fgsfopat Bk, 4, 7). B3 DAEL BE Y22E 9A)
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Fig. 6. Quantitative detection of BHV-1 in artificially infected CHO
DG44 cell line. (A) Morphology of CHO DG44 cell line not infected
with BHV-1. (B) Morphology of CHO DG44 cell line infected with
BHV-1. (C) Amplification plots of BHV-1 positive control, CHO
DG44 cell line infected with BHV-1, cell culture supernatant, and
negative control. (D) Agarose gel electrophoresis of the PCR
products. M; 100 bp DNA ladder, 1; BHV-1 positive control, 2; CHO
DG44 cell line infected with BHV-1, 3; cell culture supernatant, NC;
negative control.
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Fig. 7. Quantitative detection of BHV-1 in artificially contaminated
bovine collagen. BHV-1 stock solution of 10 TCID,/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. Cycle-by-cycle
detection of BHV-1 DNA in the artificially contaminated bovine
collagen was performed with SYBR Green L.
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ABSTRACT : Real-Time PCR for Quantitative Detection of Bovine Herpesvirus Type 1
Dong Hyuck Lee', Hyo Sun Jeong’, Jung Hee Lee!, Tae Eun Kim'!, Jungsuk Lee?,
and In Seop Kim"™ (‘Department of Biological Sciences, Hannam University, Daejeon 305-
811, Republic of Korea, *Tissue Engineering Division, Research and Development Dept., Hans
Daedeok R&D Center, Hans Biomed Corp., Daejeon 305-811, Republic of Korea)

Bovine blood, cell, tissue, and organ are used as raw materials for manufacturing biopharmaceuticals, tissue
engineered products, and cell therapy. Manufacturing processes for the biologicals using bovine materials have
the risk of viral contamination. Therefore viral validation is essential in ensuring the safety of the products.
Bovine herpesvirus type 1 (BHV-1) is the most common bovine pathogen found in bovine blood, cell, tissue,
and organ. In order to establish the validation system for the BHV-1 safety of the products, a real-time PCR
method was developed for quantitative detection of BHV-1 in raw materials, manufacturing processes, and final
products as well as BHV-1 clearance validation. Specific primers for amplification of BHV-1 DNA was
selected, and BHV-1 DNA was quantified by use of SYBR Green 1. The sensitivity of the assay was calculated
to be 2 TCID,/ml. The real-time PCR method was validated to be reproducible and very specific to BHV-1.
The established real-time PCR assay was successfully applied to the validation of Chinese hamster ovary
(CHO) cell artificially infected with BHV-1. BHV-1 DNA could be quantified in CHO cell as well as culture
supernatant. Also the real-time PCR assay could detect 10 TCID,/ml of BHV-1 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 BHV-1 contamination during the manufacture of biologics.



