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Bovine Herpesvirus Type 1 M2 Z4E2 ¢/t Real-Time PCR
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(WHO), 15, $%1 52 F40.5 olejst AlAle] AEAE o
@ AT fRA BA f:zr | arE SAE ozt
A AzFgel e B4 FAvele] Fanol thFHL g
é_lﬂo]n}(z 6, 16).

el 240 299 3 2 A 9 A F vlolel

5 =2 0] T}oRA] JqL A% vy
O ZxHaL o17). AA EE’J TAZ Bl M AEC ok
I x2 ‘%@rzﬂxﬂ AZA g ANA WA T 223 94?'511 nte]
WAE] sl et Bolxrt 9
olglx AA H E&3} T4 g
T 74 A Tl A AFE Erdd
e —40% 21 FstojokE, AEXEA] AFA] AMEEE A
SEH9 7193 5430 wet o vpe] o] At o] Hi-p-
tFeit, afrel dEEHES e AA ] UoA FFAA A
Adige] = dlEFd 294 ulo]#2~= Bovine herpesvirus
type 1 (BHV-1)°|tH9). BHV-12 Aol A| Xd?% H] 7] (infectious
bovine rhinotracheitis), HAEA FEA 922 H(infectious
pustular vulvovaginitis), DG4 X4 X34 (infectious pustular
balanoposthitis), -fr4t, A4, ¥ 55 ke 7P A3 A
¢ A nlole|zeltt, o] ulo]2]= Herpesviridae 3ol <73}
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™, A& 9] doublestranded DNAZ A1 137 kb FAAS 2t
3 A= HR A vlo]# 2~ (enveloped virus)©]tH27). BHV-12
FEAX v wiXE AFREHE 8 (Fetd bovine serum)ol]
7P WISl @ A== ulol| 2 F9 dhto]7] witel] &
oFE AARE AlEFe} AT Fo] 292 7FsAde] AUTHGE, 10,
13).

BHV-1 H& A& Uik A+ T2 AF 7488 930 A
23 &0] GAol|A] BHV-1 THAAHE W2 A7ho) Hdhslaix}
3= PCRZ} nested-PCR ARl 5= o] SITHS, 14, 22, 25).
B AFdMe 27 B4 988 3R HEookE, 23¥st
AA, MEZA Sl BHV-1 ¢HAS Frslr] 98, 98
B2, AZxTA, SAFNA BHV-1S ZFF o8 AEda, A%
FANA BHV-1 AlA AFSS {8 Aoz &&o] 7153
79l Eo|wr) 943} red-time PCR Al&WS Syslas}
3tk =3 B4 E red-time PCR Al @S &-838)a] 21970
2 BHV-1Z 7912l CHO A=} &R ZERCIA BHV-1
= BFHoE AES vlolE 2 A AS AIFHo R &
& 7FsdE ket

Mz 2wy
BHV-12| gk & M2

BHV-1 (ATCC VR-188)9] w7} F#-S 913l Madian-Derby
bovine kidney (MDBK; ATCC CCL-22) MXE Al&3}4t).
MDBK AMEZE 10% ¥ (Gibco BRL, USA)S H71st
Dulbecco's Minimun Essentid Medium (DMEM: Gibco BRL,
USA) si=]ol B sttt T-150 flaskoll WiFE @5 Aol n}
olHAE ZAHAZl F FY|FHo g A I E I (cytopathic
effect: CPE)S B-Z319th. CPEZl HuishAl B2 € uj wjj )
I AEZE AT T, 400xgell A 523 A4 Eelste] e
S 2 2O pelet> AEESIAT Pdlets 547 s

23] wHESto] ulafjgk § 400xgoll A 5ERt A4 EElete] A

Ag- ATt YA AS5AE EFS F 045um filterZ o3}
e Afate] -70°Col| B #aEtSdh.

BHV-19] A#HS 9l 7494 U= vlol#| =9 titers 50%
tissue culture infectious dose (TCIDg)E WEF AT BHV-1S
2% 8-S H715 DMEM ¥R E 72 345t 24 well
plateol] ¥iFE A=) 0.25 m FESAT SAHNETOE A=
vl x5 025 mA HF3ATk 2 F co, ME7INA 5%
CO,, 35°CE HjgatiA Al&Hoz Au|Eos CPES #Has)
At

% offt o

Primere| &

BHV-1 3RS 5%317] 93l ARE-g &34t primer 4
719188 NCBI data baseol] R11E BHV-1 complete genome
(NC 001847)% 7122 Primer3 SoftwareZ ©]-8-3}] TIAIQIEIAA
CH(Table 1). Corbett ResearchAHAustrdia)®] PALM-CYCLERE
o]-&-gk Uut PCR WHg-S B3l HiARI 3 primer 58E59] 5]
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Q18}aL, anneding temperature®} MgCl, 5 =% WH3IAA
PCR 27 HAFSIAT. £8 SZH DNAYL ZA3E 112
QJAAE EI37] 98k PCR product®] DNA sequencings 4
AEEE
BHV-1 DNAE GENE ALL™ Blood SV Mini Kit (Genera
Biosystem, Korea)2 A-8-3te] E2]38}9t). PCR W32 9J3) u}
o]2]2 genomic DNA 2 pl, 10 pmol forward primer 1 pl, 10
pmol reverse primer 1pl, 2X GoTaq®Green Master Mix
(Promega, USA) 125 pl E3lo] Nuclessefree water 85 S
A7rete] HFHIAE Buz BEFEATE WNFEHL pre
incubationS  95°Col| 4] 2%, denaturationS  95°Coll A 30%,
annedinge 30%(anneding &= A3} 98l 52, 54, 56, 58
°CellA] PCR 4=%)), extentione 72°Col|A] 1F- 0.2 3} 45 cycle
< $33IAh 45 cyde PCR F 72°CollA 5& wESAIZ &
1.5% agarose gd (Sigma Co., USA)S ARE-3led 100 v Ate
2 308 A= #7953 T ehidium bromide® g43}e] PCR
LS ER131ST

LI

Real-time PCRE 0| &8 BHV-1DNA & &

BHV-19] F&S 98] dwt PCRS &3l E PCR 24%
71%=Z AccuPower Greendar PCR Premix Ex Tag (Bioneer,
Korea)2 218314 red-time PCR 2712 343199t} BHV-1 3
ZFS $5] Corbett Research*l2] Rotor-Gene 3000 red-time
PCR 7|AlE A28tk PCR ¥-3-99-2 AccuPower Greenstar
PCR Premix Ex Tag 5 pl, 10 pmol forward primer 0.5 pl, 10
pmol reverse primer 0.5 pl, template 2 plol] BHFE 33 S/
= Yol & 20 wrt ¥4 sk HaEZ-LS predincubationS
95°Coll A 155, denaturation> 95°Coll A 10%, anneding 30%
(anneding €= HA3LS 9138 52, 54, 56, 58, 60°CellA] red-
time PCR <=3Y), extention 72°CollA 30% 2 3}o] 50 cycleS
F3HAT). wiAE cycle Folle BE WHE-Eol diste] 72%E
95°C7HA] o)A mdting curve 418 AAEIFTH HF
MgCl, =& A437] ¢18l H&g% aneding &% 52°Coll 4]
MgCLE 2 mMolA 5 mM7bA] W8tAA H7bslE BHV-1
DNA ‘=9l w2 crossing point #k< Bl /33T

TiterS 243112} k= AlBE5 34 Tite7} 2x107 TCI D/
mi¢l BHV-1& 31822 2x10° TCIDg/mI7ZHA] 1097 8]43%
% red-time PCRS F~35te] &S 913t FF34S 23819
o} AlE o]l 01 BHV-1 DNAS] RS T340 tigds)
o] st EFEFAE BHV-19] =0 we} red-time PCR
ol oJ3ll &= crosing point 35 TCIDg, equivenyml = %
gsle] 23T Crossing point= PCR cycle®] exponential
phase® E°]71= cyde 75 UEHATH AR ol E9] 3=
BHV-1 &5 gHkeb7] ffal obefiof 22 415 ARSIt

Virus titer (TCIDg, equivaent/ml) =

Result  (TCIDg, equivalent/ul)xElution volume (ul)/Sample
volume (ml)
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Real-time PCRS| A E|M HE

g5l BHV-1 DNA A#He] A4 (rdiability)S 253517
el SEE A 97T (sensitivity), 4343 (reproducibility)
5 AT MIAES 57937 9130 tite7} 2x107 TCID,/
mil BHV-1& =38 02 2x10° TCID,/mIZHA] 1094 ]41%k
% red-time PCRS =3431ct. AdA ASS 3l titer7} 2x
10" TCIDg/mI}] BHV-1& A3 S 2 2x10° TCID,/mIZHA] 10
A FAE EFAIRE ME O Jo 338 FF B35
crossing point #k= Hlaetth 5ol AS5S #18 human
parvovirus B19 (BBI Diagnogtics, USA), minute virus of mice
(ATCC VR 1346), bovine parvovirus (ATCC VR 767), porcine
parvovirus (ATCC VR 742)°l ti$t crossreectivitys 57931t
Aol AFE3E nlol# 29 titers ZHZ) 9.4x10° 1UMmI, 10°
TCID,/ml, 10° TCIDg/ml, 10° TCID /ml°] it}

ol?|¥oz BHV-1& ZHAZI
PCRE 0|88t BHV-14&
FHE red-time PCRS AE9eky Ax3A ool &8
F A=A 3] H5ke] A$IHOZ BHV-1S 24AZ]
CHO MXFo| A BHV-1 A& AlES AASIATE CHO DG44
AEXE 5% 84S FH7IeE Iscoves Modified Dulbecco's
Medium (IMDM: Giboo BRL, USA) i X]¢] 100x Hypoxarthing-
Thyminidine supplement (HT supplement; Gibco BRL, USA)
1%Z H7lste] wjokslct. T-25 flaskell HiFE CHO DGA449)]
BHV-1S 7FEA1Z] 5 4 B2t s Fstaint. Al v kals AlA
gt & AR v Fd o] oIS & e BHV-1S 3] A A3k
7] 9)&l phosphate buffered sdine (PBS)C.2 391 4| &3t Tk
CHO DG44E At w3ttt 4Y Bt vt & o] Al
Hjokal TS 4% ol Hu|H 07 CHO DG44S] ®okS w33t
T AE wjFdF A2E B2 FASAT. F-HE red-time
PCR *'H-& o]-&sto] Al ujFella} Mo BHV-10] EAsk=
2] AR= gelalqint. Red-time PCR 94 HIZTC 2% Titer7}t
10" TCIDg/mI?] BHV-1& AME3I e, 54 &S 2= CHO
A2 HjFaA] B2 IS CHO AlZ2FE ARS8

CHO M=O0IM real-time

A g2l S2tA0|M real-time PCRE 0|23 BHV-14&
3809 red-time PCRS Af8 Ze}2 A234 720 28
T UAEA BRG] flate] Q19102 BHV-1S L HAIR]

ek

Bovine herpesvirus type 1 & &2 9% red-time PCR 16

ZeHlolA BHV-1 A& A1ES AAISHAT Tite7}F 10° TCID,/
miQl BHV-1& 2202 10814 843k & ZF slajel 02 ml
S 263 24 1.8 miol spikingdt TS FHH red-time
PCR & AHg3led BHV-12 7E3I3 T} Red-time PCR &4
Hzro 2= ulo|#aE HrlekA] ¢ FEHS ARSI

2

Primere| M=

PCR WH-& ARS8l 54 wlelg = EAE gRlatal, %
A8l7] KA vhol 2 oA fF-12Q1 Wol7t AR
consarved sequences 7HRl F-9)E AdEsfojol gt &
sequences 5% Hlolg|Zof|vt EAate] Folio] Folok
AENFET ZAFIEAA, AZAEAY d5EF, T4
B4, HZAE 5ol vz 999 F e noj# A HES
A% AF PCRY A% & WALs a7HIK, 2). 99 &
& WSS PCRS &ysh] fl3l Primer3 Softwares
23t BHV-1 £0]132) primer 545 TARISIATHTable 1).
Hk PCRE X131 ZHzke] primer 52 UAEE QI
. Titer7} 2x10° TCIDsolmIJ"Jr 2x10t TCIDm/mI?_] BHV-12 A]
82 PCRS 433 A3} primer % BHV-F2, BHV-R27} 714
V=7 St AtHALE. WIAIA]. PCR 27108 H#skeh A%
anneding temperature®} MgCl, F%+ 22t 52°C¢+ 3 mMol L
o} HF Z7oA PCRY WIZAEES =AY} Titer7} 2x107
TCIDgymIQ! BHV-1:2 £2H4 0.2 3]4ste] PCREE A3} 2¢
10° TCID./mI7HA] PCR 2H=-S 818t 4= UATh(Fig. 1). PCR
AHES sequencing$t & blast searching (www.ncbi.nim.nih.gov/
BLAST/) & Z3} PCR AHzo] BHV-1 fF3419S 81d 4= Q)
AHELE FAA)).
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BHV-1DNA H&g 2|8t real-time PCR Z & s}

gt PCRS F3l B E PCR 7S 7]%E AccuPower
Greenstar PCR Premix Ex Tag (Bioneer, Korea)S AM&3}o]
red-time PCR 23S #4313t Forward primerZ BHV-F2&
reverse primer2 BHV-R2E AH8-3le] PCR ¥HS-9] anneding
temperatureS 2 2345} th(Fig. 2). Titer7} 2x107 TCIDg/m,
2x10° TCIDg/m, 2x10° TCIDg/mI, 2x10" TCID/mi<l BHVE
NEZ anneding temperatureZ 52, 54, 56, 58°CE W 3}A]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 GCGTCGTTTCTAAAGAGCAG BHV-R3GAGCTGITCACCCAAAAAGA 23143-23255 113
BHV-F4 GCCGCAAGTTTATGCTGTAT BHV-R4 CATCGAGGCAGTGTAGGTCT 706- 849 144
BHV-F5 GGTGCATTGAGCTTGACTTT  BHV-R5 GTACTTGI TGGGGACACAGG 1458-1600 143

2NC 001847
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M 1 2 3 4 5 6 7 8§ NC
200—

100 —

Fig. 1. Senstivity of PCR assay for detection of BHV-1. M, 100 bp
DNA ladder; 1; 2x10" TCIDg/ml, 2; 2x10° TCIDg/ml, 3; 2x10°
TCIDg/ml, 4; 2x10* TCID./ml, 5; 2x10° TCID/ml, 6; 2x10°
TCIDgy/ml, 7, 210t TCl Dgy/ml, 8; 2x10° TCl D./ml, NC; Negdtive
control.
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praey
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Fig. 2. Optimization of annedling temperature. The crossing point
vauerefersto the cycle number a which the fluorescence of the PCR
reaction rises above a set threshold and isinversely proportional to the
amount of starting target. (A ) 2<10” TCIDg/ml, ([1) 2x10° TCIDy/
ml, () 2x10° TCID,/ml, ( O ) 210" TCIDgy/ml, ( @ ) Negetive
control.

red-time PCRE 433192 52°C°ﬂ/‘1 crossing point7} 7%
S el 52°C7F HA 2E9S ¢ 5 ATk

A 250 MgCl, sE5 tEiW?% PCR Z711& #3733}
S tH(Table 2). Titer7} 2x10° TCIDgy/ml, 2x10° TCIDgy/ml, 2x
10 TCIDSO/ml?_] BHV-1& X882 MgCl, FEE 2 mM, 3
mM, 4 mM, 5 mMZ H3A7FY red-time PCRE 38513
< w 2 mMdA crossng pointZt 71 9A YERY FHF
MgCl, 5 2 mMYS & 5 ATt

Real-time PCRe| MEIM HE
BHV-1 DNA A#S 93 red-time PCR W9 A=A

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

MgCl, concentration

TCIDgy/ml
2mM 3mM 4mM 5mM
2X10° 21.022 2542 33.38 41.84
2x10° 2791 3229 38.18 4324
2x10 34.74 36.91 41.00 4474

Buffer control 47.50 46.90 47.20 4754
aValuesindicate crossing point value
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(B)

02x107 TCIDs,
=2x10°TCIDs,
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* Negative control
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Fig. 3. Sendtivity of red-time PCR assay for quantification of BHV-
1. (A) Amplification plots obtained with 10-fold seria dilutions of
BHV-1 stock solution. (B) Méting curve analysis of the amplification
plot. BHV-1 stock solution of 2x10” TCIDg/ml was seridly diluted

and cycle-by-cycle detection of BHV-1 DNA was performed with
SYBR Green.

(reliability)S- B3317] 98] e A3 e] W7 (sensitivity),
843 (reproducibility), E©]43 (specificity) 55 AZ3tAT). Wzt
TE 24317 98 tite7} 2x107 TCIDgymIQ! BHV-1& =314
o2 1% FAE F red-time PCRS F=3J31th. ZF Al 7ol
3l red-time PCR cycle =l W& fluorescencezt] SV &
3 A3 UREE 2 TCDYmMYS A3 5= AATHFg.
3A). Mdting curve ¥4 A3} BHV-1 DNAS] Eo]F¢l iz}
primer dimer 5 H|50]¥Q] R o2 UFlon, 458 1
ZT A= BHV-1 DNAY] 5ol peskE I 4= §ISlth
(Fig. 3B). =Z % PCR AMHE-S 2% (wiv) agarose gelS AH&3}
o A7) JE5§ A7 7} BHV-1 A A oid =279 W=
= %‘012‘%} I AAANE, SFgo 2T ME PCR AHES 3
A& 4= IATHE HA|A)).

2 % BHV-1 DNA HZHe A HES flal A= k&
o] BHV-1 FA 594 DNAE FE3}3L red-time PCRS
343k & crossng point a4t B3 THFig. 4). BHV-1 log
titer (log,, TCIDg/ml; x)oll th3+ crossing point gk(y) 7t EF
AN AR G AL y=-4381x+50.671 (BAAF r’=
0.995), B4 29| A9 y=-4.3262x+50.255 (*=0.994), A 22
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Fig. 4. Reproducibility of rea-time PCR assay for quantitative
detection of BHV-1. The standard curves were obtained by the
regression anadysis of crossing point values versus initial virus titer.
These results were obtained from three independent assays performed
at different days.

A9 y=-4.1439x+49666 (*=0.996)F BHV-1 log titer?} crossing
point gt -] 3]/ vl =3kt

o2 DNA virusE(human parvovirus B19, minute virus of
mice, bovine parvovirus, porcine parvovirus)2 thid oz EolA
S AR A3 BHV-19] B-9-llvt fluorescencedte] F7Hs #
S g AL, OE vl oM e 58 4 dxadt
2] fluorescencezkd] £71= A& 4= QIAtH(Fig. 5A). Red-
time PCR 2F2-S 1.5% agarose gd ollA £43 A3} BHV-1
A tiE=TARE PCR WHS- AHE©] A= 31, TR o] 2~
o} F-89 A dETolME PCR HES 4HEo] MAER] &
ATHFig. 5B). ©]¢} 22 AFoA P red-time PCR WY
2 BHV-10] 50]2Q1 AFHAES I8kt

BHV-10| 2% CHO MZEFOIM real-time PCR2 0|2
8l BHV-14d&

U9 red-time PCRS A& oFE AxFAd A8 = 2
=4 #elslr] Yate] Q19FoE BHV-12 294171 CHO Al
EFNA BHV-1 HE AlES AAISHTh T-25 flaskell vk
CHO DG44 A|3Eo] BHV-1& A9Ho2 23X F T-25
flaskoll 391 o’d Al et HHEHES B2 BHV-
12 CHO DG4 AlEFo|A WHass Yeh x| edthFig.
6A and B). A|FH|F Ao 4 miS 3]58}aL, CHO DG44 Al
EE trypsins AElste] 4 ml FIE 35319tk Al
ANzt CHO MEo)A 242 DNAZS =3l 3% red-time
PCRS &85l BHV-1& A% #AE3AthFg. 6C). AEu|%
Aol A= 1.4x10° TCIDg, equivdent/ml BHV-10] HEE AL, Al
Fo| M= 5.8%x10° TCID, equivdentml BHV-10] HEH 3t} 5
Zg PCR 2HE-S 15% (wiv) agarose galS ARR-3le] A7) 9%
3 A3} 7} BHV-1 BAI R, A Fu]jokel A ZlA] o4 =7]9]
MEE S0 5= YA, 54 dE2To s PCR AHS &
QIstk 4= {19l (Fig. 6D). BHV-10] HIZF9E CHO DG44IA =
BHV-1& AET 5 IATHHIFE wAA).

272 E2HA0M Real-Time PCRE 0| &8t BHV-1HE&E

Bovine herpesvirus type 1 & &S 9% red-time PCR 18

(A)

o8 000000 Q
po 8

s 222

Fluorescence
S s e
c‘ﬁ =
o

e e o

o
a8 moe g&—g-e—o—a—-—i—o—o—g-.-l—q-. ﬂ«g—r;—’t -
5 10 15 20 25 30 35 40 45
Cycle number

(B)

4 5 NC M

Fig. 5. Specificity of red-time PCR assay to potential cross-reactive
viruses. (A) Amplification plots. ( [ ) Bovineherpesvirustype 1, (Il )
human parvovirusB19, ( O ) minute virus of mice, ( @ ) bovine par-
vovirus, ( A ) porcine parvovirus, ( A ) Negative contral. (B) Agarose
ge dectro-phoresis of the PCR products. Specificity of the rea-time
PCR assay was evaluated using the optimized protocol and then the
PCR products were analyzed by 1.5% agarose gel dectrophoresis. 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.
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Fig. 6. Quantitative detection of BHV-1 in artificidly infected CHO
DG44 cdl line. (A) Morphology of CHO DG44 cell line not infected
with BHV-1. (B) Morphology of CHO DG44 cdll line infected with
BHV-1. (C) Amplification plots of BHV-1 postive control, CHO
DG44 cdl line infected with BHV-1, cell culture supernatant, and
negative control. (D) Agarose gel eectrophoresis of the PCR
products. M; 100 bp DNA ladder, 1; BHV-1 positive control, 2, CHO
DG44 cel line infected with BHV-1, 3; cell culture supernatant, NC;
negetive contral.
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Fig. 7. Quantitative detection of BHV-1 in artificialy contaminated
bovine collagen. BHV-1 stock solution of 108 TCID/ml were serialy
diluted with 10-fold and then 0.2 ml of each diluted solution was
spiked in a 1.8 ml diquot of 0.5% bovine collagen. Cycle-by-cycle
detection of BHV-1 DNA in the artificialy contaminated bovine
collagen was performed with SYBR Green |.
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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, Dagjeon 305-
811, Republic of Korea, ?Tissue Engineering Division, Research and Development Dept., Hans
Daedeok R&D Center, Hans Biomed Corp., Dagjeon 305-811, Republic of Koreq)

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 materids have
the risk of vira contamination. Therefore viral validation is essentia 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 red-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 |. The sensitivity of the assay was calculated
to be 2 TCID./ml. The rea-time PCR method was véidated to be reproducible and very specific to BHV-1.
The established real-time PCR assay was successfully applied to the vdidation of Chinese hamster ovary
(CHO) cdl artificidly infected with BHV-1. BHV-1 DNA could be quantified in CHO cell as well as culture
supernatant. Also the red-time PCR assay could detect 10 TCID./ml of BHV-1 artificialy contaminated in
bovine collagen. The overall resultsindicated that this rapid, specific, sengitive, and robust assay can be reliably
used for quantitative detection of BHV-1 contamination during the manufacture of biologics.



