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Abstract : The aim of the present study was to develop a sensitive and specific assay for the diagnosis
of alcelaphine herpesvirus 1 (AIHV-1) which is a cause agent of malignant catarrhal fever in ruminants.
A1HV-1 is a gamma herpesvirus, which is frequent latent, and it is often difficult to detect its antigens
or specific nucleic acids because of its low genomic copies in the infected tissues. In this study, polymerase
chain reaction (PCR)-dot blot hybridization (DBH) assay for detecting AIHV-1 DNA was developed and
evaluated for its sensitivity and specificity as comparison with PCR and DBH alone. The developed PCR-
DBH was more sensitive than PCR or DBH alone and also very specific. The results showed that the
sensitivity of PCR-DBH were higher and stronger than those of PCR and DBH alone. This PCR-DBH
assay can be applied efficiently to confirm the presence of AIHV-1 virus on clinical samples and to
differentiate specifically between AIHV-1 infection and other viral infections.
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M =2 7HA AokS AT Ak Eg, 2 g4E AEs
At B A8 AEse IE2 A vle]H g 7
Alcelaphine herpesvirus 1 (AIHV-) gamma herpesvirus ] 3.z} whg-0 2 Q15 AxpA T} Eo|wrt EA7) 2
24, ovine herpesvirus 2 (OvHV-2) 7 malignant 4= gith. H 2, ExAE8ke] gz ujo|g)ie] ik
catarrhal fever (MCPE) 1A o, vigfo] 7893 & AZEsl= o) Adr|HoezA HAE 7 glon, o)
o] 95 A A Sl 93 A< A 25t 7P g S So] 97149 S AgF o R FEo
g ZY St [15]. HlolelX ZEFe HAEA aEAE AT S Id= %Eiioq»ﬂ‘ﬂ (polymerase
@2 dlo|H g EE kA, 5 A9 A E o) chain reaction, PCR) 237532 It} AlHV-19] 7+ 4
#x gge AFgAoz 3o 16}; o s S35 o 22 lymph nodéx5-F 10‘37H A 1 Aol A
kvt [13]. e, vhelE s e 2 Fert of¥ A DNA Xz Hlo]z)2 glef ofdnhe- 5“’1& A9
MER] e mE= L@ AlZte] R3] o] wE ATERHE AHV-1°] m$- ‘5:‘3 copy TE &
AGS dom 3= o 29 AGgozAE o ZM% BEe & F o 2, 14] =37, AHV-LE
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herpesvirugix] AE7rgdS ]
TE A9 o R WRET e 2 whgo] 8y
AL ek olE gk ol
=7b =2 PCR] de] AREHA Sl= Aol 29
1, PCRE3 2go] 23 o)A (false positive)dHg-
# ZFW PCR inhibitoE<] &3k 2]2-4 WS- (false
negativeg©] wAI7F E 4 d5o] BIEI T} [1, 3,
12]. B AR ESH A O in situ hybridization
7} dot blot hybridization (DBH¥ PCR# th&A], &%
FANA 0= SEEAE BT 4 97, BF F74 g
3 hybridizatiorg &3t S04 WS UL F Q7]
o, 1 Aol =2 AHxE VM F de AL
g ) [12]. e, vlelela HAbA &S 918
DBH= = ZZto] 7HAGY, Bolwr) & wha &)
FERL S HAXA 7] wWEl PCFPﬂ
e Aoz BHy Jrt 6, 8,
herpesvirug 5+ 287494 %‘ﬂaﬁioq 74
of uj-§ @ FE=2 EAB7] wE
ojE & Ao ® dHASITE WEbA, AHV-1 & ZF
EE RAS) At vpelE s 7)1 AE EiAE
Bt vz Jd Bhg £ shde] @7 oA rh

E 5= gamma herpesvirgss JHE719-S kst
o, ZAY v @22 copy FE EAS= Hiol# a9l
AHV-1¢] Sae] dlolelas B8 &9 + e
PCR-DBHE 7'2a}aa} 3] &)%)t

ME %

Polymerase chain reaction

AIHV-1 open reading frame 30 474Gl 504
¢l outer prime?] C500-%} C500-2 (Table B A}&-3}
o PCRS 438814t} [11]. Primee] nucleotide position
2 alcelaphine herpesvirus?]l DNA polymerases 7] 4]
ol 71z89 T} [7, 11]. PCRE: $3 W24 22 2

uge] template DNA, 10 mM Tris-HCI, 50 mM KCI, 2 mM
MgCl,, 400 uM<] dATP, dCTP, dGTP, dTTP (Roche,

USA), 20 pmol primer C500-% C500-2, 5 U Taq DNA

Table 1. PCR primers: sequences and positions
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polymerase (Roche, USA) 100 pl¢] ¥Hs-&-aFof Zj7}
X3E =% 313l Thermal cycler 9700 (Perkin-Elmer,
USA)S- o]83le] 94C 587} preheatingsdd 3=, 94C
30%, 55°C 1, 72C 1-9] cycle2 408] 2 A3+ 5 72°C
75-9] A% extensiond A AX ALHV-19] Eo)] a4k
£ FEspch

Non-radioactive labeling probe

AlHV-1 open reading frame 50 @714 gl E-o]3
2l inner prime?] C500-3} C500-4 (Table B A&}
o, PCRE: 33} £Z49 273bp] A1HV-1 DNAS
non-radioactive= 2 ¢l digoxigenin (DIGY 34 &}
DBHell AM8-# probes 18T SFE AHV-1
DNA+= Wizard DNA purification systeHi (Promega,
USA)S- ]85} purifications} 7., ©] = purification
H HATEES 1087 2 ¢ vE a4 29
denaturatiort] 7] 27, Hexanucleotide mixturd dNTP
labeling mixtur&e 41-& -, Klenow enzymé& =718}3L
37CollA 2007 ¥1-3-8)], DIGe] ¥ A% probes

2tk o] &, 0.2 M EDTA (pH 8.08 #7}5}3, 65C
oA 1087 7heste]l EAEES AA F, ARl A
£2 u7bA -20°Cel BTt

PCR-dot blot hybridization
Z4]¥ DIG-labeled probg AME-8l AIHV-12 A&
s ? A& PCR-DBHY] protocots 7H'&stsct. 7ids
PCR-DBHY] #7482 th&3F 723ttt Nylon membrane
(Roche, USAE- A&l AME 7153t 2712 A& T,
C500-1 C500-2 primerd-& ARE-3le] A2 AAL A=
PCR%ZE (amplicon) DNA 2ulE membrang] =-4

3k, Algo] wp=7] Al tip oz AE] AE 79
e = AAE B F, AES) AAE T Fol
o Ao} 719atatt. M= DNAZ} Z%—E membrané-

AL 9] denaturation buffel] 5%-7F A -&38F & A& 9]
neutralizing buffer] 557+ 7‘*4&0}“3} 1% SDS} $H
¥ 2X SSC buffeR 2% A3 3, UV cross-linker
(Stratagene, USAF Al4-3l<], membrang] DNAE

Primers Sequences (5'-3) Nucleotide posifion
C500-1 TACGGGAGCCCTGACATTTCATCTCTTTTG 73917-74014
C500-2 ATAACTGGTTGATGTGGCAGATGCATCTAT 74292-74321
C500-3 TCTGGCCCGTGCTGCAGCAAGACTCTCAG 73986-74014
C500-4 TATAGTAGAATCCCGTCTGAGTGGTAGCTG 74230-74259

All nucleotide positions in the DNA polymerase sequence of AIHV-1 (C-500) [7].



Alcelaphine herpesvirusA©@2- $13F PCR-dot blot hybridizatiod 7% 101

cross-linkA]7] 22, hybridization buffer} £ %)= sealing
bagl membran& 2-& %, DIG-labeled DNA -85}

I sealinglel, 50Ce|A 3x)7F WA HT) ©] %,

membrang 1% SDS} ¢f¥ 2X SSC buffer -

o /] 55 2 1X SSGE 65°CollA 158-7ke] A3 F, A

<9 1X washing buffe2 1%, 42<2] 1X blocking

buffer® 305-¢] #4342 AF ) ©)F, membran& anti-

digoxigenin-AP (Roche, USAJ ®H$-#]17]3, alkaline
phosphatasd 712 <] nitroblue tetrazolium (NBT} 5-

bromocresyl-3-indolyl-phosphate (BCIP) (Roche, USA)
o] PN & AE A85 T2 AR f-5

& #skart.

IZERt 50|z ®I}t

7RetEl PCR-DBH? sensitivitys &rolH 7] £ &hed
purified AIHV-1 DNAE &4 3438} 712+ membrane
of 4§ ¥ PCR-DBHE AA|3t%itt 488 AHV-1
DNA 41EE-2 47} 16, 10, 1, 10, 10, 1, 1C, 10"
pgel DNAE 7HA L 9th. o] HARIEES C500-
1/C500-2 primerd-S ©]-&3te, PCRE 3 & 42 &
AEZ 25 nylon membrard A& &, FH|EH
labeled prob& hybridization 34742 A X3
F7& NBT/BCIPS] &2ink-go 2 &elsigict. =3,
PCR-DBHY specificityg &¢13}7] 38t AIHV-19]
gl Akzl 22 homologys 7MIAZ & 22 gamma
herpesvirus grow) <;:3l= ovine herpesvirus 2 (OvHV-
2), bovine herpesvirus 4 (BHV) DNAE FZ3}d,
PCR-DBHE 433} spedificitys 213} th. PCR&
= 99| sensitivityg: ot 2=}, ©A B A€ purified
AIHV-1 DNA 41Z221 16, 10, 16, 16, 10, 10, 1C,
10' pgo] DNAE 7}A 3 C500-1/C500-2 primel 2|3
PCRS 48 %-, ethidium bromid& 53k 2% agarose
geblA A71%9%52 3 5 UVellA] 404 bp=7]<] a4t
SEE f75 Adeigleh. &3 DBH @5 3 2]
sensitivity® &olH 323}, purified AIHV-1 DNAZ ¢H7]
345 purified AIHV-1 DNA A1ZE21 10°, 10, 1¢F, 10,
1¢%, 1C, 1, 10 pgel DNAZ 71A 2L 44 A5 nylon
membrane] dot blote.Z -8 3 DIG-labeled probg
3717} hybridizations: A5, DBH &= 43§¢] 717+
=& Hrkerith

o2

2 3

PCR-DBHe| QIZt=2} S0|=
Non-radioacive probg ©|-8&3t PCR-DBHY A3, 1
pge] purified AHV-1 DNA 7HA = A&2 = 99

Fig. 1. PCR-dot blot hybridization of AIHV-1. 1, PCR
amplicon of 16 pg; 2, PCR amplicon of 1(pg; 3, PCR
amplicon of 16 pg; 4, PCR amplicon of ¥(g; 5, PCR
amplicon of 16 pg; 6, PCR amplicon of ¥(g; 7, PCR
amplicon of 18 pg; 8, PCR amplicon of 10 pg; 9, PCR
amplicon of 1 pg.

Fig. 2. Specificity of PCR-dot blot hybridization of AIHV-

1. The AIHV-1 probe was not reacted with other gamm

herpesviruses, OvHV-2 and BHV-4, which have high
homology in their sequences. However, PCR-DBH using
AIHV-1 template DNA resulted in strong positive signal. 1,

AIHV-1 DNA; 2, OvHV-2 DNA; 3, BHV-4 DNA.

(Fig. 1). ©]& §Hg-2 o]y 28] ¢fo] BE 5 Hr}
74t ghgo 8 Zg b9 Hhg AEg AEE
AATHFig. 1). 712E PCR-DBH] Eo|w=2 2<¢13}7]
918k, AHV-13} 722 gamma herpesvirus grotp <
8= OVHV-2, BHV-49] Hle]e]2: AAkE AlE-8le] PCR-
DBHE 2413 Az}, HE5H AHV-1.2 723 oF4 Whe-
£ B4 o}, OvHV-29F BHV-4ol| A = Whg-o] #aEX

%o}, Bolsk b 283 ¢ 4 AATHFig. 2)

PCR ==3} DBH 59| TIT

PCREE ool ot ®7t=% % r1st 2}, C500-
1/C500-2 primerd-2 A&-3 PCR® 107 pgel purified
AIHV-1 DNA7ZFA &8 4 At (Fig. 3).¢1& ¥he&-
2 ethidium bromid& &3t 2% agarose gdix 7]
BEE 7 F UVl 404 bpzL7]e] Wiz® HEE
o, Hlolg| 2] o] BE 75 Hrl FA2 MER
#FEH AL, PCREE F3ho 2= 10 pgd 1 pgl
purified AIHV-1 DNAZ 2&% + ¢85 ¢ + dJt

o
N
X
et

Z3}, DBH ©=2o 2= 10 pgel purified AIHV-1 DNA

A AEE 7 s & F AU (Fig. 4). 01 1
&2 AHV-1 DNA o] ¥& 5 wo st ke n
%5 b o) whg AstES A 5 AN, 10, 10
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MPN 12 3 456 7 8 9 o] AWk, B Ao AFpoflA] & 7 o], wAwke]
AHV-19] A2 AE 7L &5 & 5 e
Outer primerdg ©]-£3k PCR©]3-, inner primerd<
0]-&3% % WA PCR34-& A= nested PCR Iyt
A<l PCRI Hlste], 1 =E =d 4 3
4 A 3lo], AHV-19] RIZAEE fo)= Wi o= T3
ol-ggo)d 4 gl& Aot} e, nested PCR 2
FYPHY Fol 2Fe] AT FA st HFHe] AArt
fakE 5 9lge) A BT gt} [5, 9, 10, 16]E-
ATE WS 2o ) a7 HelAE AHV-L X
Fig. 3. Gel electrophoresis of amplicons by AIHV-1 PCR < 7igstuxl 3lg9le, 2 Axzs =2 77t
using primer C500-1 and C500-2. M, 100-bp DNA ladder; o} Eo]|x & z}= PCR-DBHE /]us}¢t). 7wt

A= R
P, Positive control; N, Negative control; 1,816y AIHV- O ] B
’ v P PCR-DBH= PCRS <=3] &, DIG-labeled probg A}&-
1 DNA; 2, 10 pg AIHV-1 DNA; 3, 16 pg AIHV-1 DNA; T P °

4, 10 pg AHV-1 DNA; 5, 10 pg AHV-1 DNA; 6, 1 ot hybridizatiore 71%17] 2], nested PCR )%
pg AIHV-1 DNA; 7, 16 pg AIHV-1 DNA; 8, 16 pg AHV- stod, v 2 Sol=g FHE 4 g}, vy

-

r

1o

= Ho]—tg_g_i

Hir

1 DNA; 9, 1 pg AIHV-1 DNA. AF AZS 913 hybridizatior> P & H 52 WA}
HENRLE FAT probe AHEsHe] AL o) 4
1 2 | 5 6 7 8 9 HHA G o] A FHYAE AT HE=E 9F

I A B2 ofElFol st [4]. wEbA, B A
9| 4= non-radioactive protg AH&-3t probes ARE-3t
32} 3k 0, oJ & non-radioactive materiaf, 3] &
Fig. 4. Hybridization was performed with digoxigenin- #l _O]%QI%]‘—E DIG= 1§51, probes: J‘fo]s}gaw:}_
labeled AIHV-1 DNA probe. Hybrids were detected by an A3l AH8-#l non-radioactive DIG 34| 3t probe=
antibody-conjugate (anti-digoxigenin-alkaline phosphatase /|3 A3} Eo]%=7} wj-$- o}l AIHV-1¢] ulo]&X
conjugate) and subsequent enzyme-catalyzed color reactios 231 =2 homologyg 7}4 7. 1%, 22 gamma

AATT,
with  5-bromo-4-chloro-3-indolyl phosphate (BCIP) dan h - OVHV-2 @ BHV-42] DNASH 119
nitro blue tetrazolium salt (NBT). 1, 4@g AIHV-1 DNA; erpesvirus groul Ov - 4l ok Wk

2, 10 pg AIHV-1 DNA; 3, 16 pg AIHV-1 DNA; 4, 16 o SStTh whA], 2 A70& gste] JHere AHV-1
pg AIHV-1 DNA; 5, 10 pg AIHV-1 DNA; 6, 16 pg AIHV- 9] PCR-DBH= &A| AlHV-19] ZIg o= f-A51A o
1 DNA; 7, 1G pg AIHV-1 DNA; 8, 10 pg AHV-1 DNA; 8353 3J= PCR o8] EAESS 43 = & 9

9, 1 pg AIHV-1 DNA. = oOgteg 088 & 91e Aow Aol

7z =
2 1 pge] purified AIHV-1 DNAE ZAZ847] 5314
t}H(Fig. 4). AlHV-1-2 gamma herpesvir@|, 2} ZE-744
Fibetr] ol AU i w2 FeE EARTh
[e)

#H3t, o]-f el AHV-19] Aggo g = =2 vzt

[l

i

g 7H W] ot E AFe wlg 2

HA7EA, AHV-12] e uleo]# 9] Eoldiks 2=t 8 FEH oA = AHV-1L ARS Adst st
elel= PCRYH o&ste] gt [11, 17]. 2, PP om, 1 a2 2L TEe}l Bojng zh
B olqre] 4], C500-1/C500-& ARE-3F AIHV-12] PCR™ PCR-DBHE 7igtslsitt. 7iE PCR-DBH= PCRS &=
10 pgelsle] purified AIHV-1 DNAS A&3hA 5313 % 3, DIG-labeled probg Al-&-5}ed, hybridizatior #

4 2L e

by

th. AIHV-1-2 gamma herpesvirgst], A5 AE744 & %]7] W&o, nested PCH H|I3}e], )& =& Eolr
Faal7] W, 2 w9 e FEE EAST [2, g 3ng ¢ Q) B A8 Bak] ks AHV-19)
17]. o]& g, o]f wj&el AIHV-19] XIThEo s = =2 PCR-DBH= @Al AHV-1¢] Adgie = ge o]g5 oL
HAEE 7 dhge] e oIt AAEA EE] ol 9= PCRY o8] BAIFES sldse 4= e diste

£5& PCR) H)wA =

rlo

ARSI gle Y Z ol8d F g ALz 7o)zt



Alcelaphine herpesvirusZl©-2- $]3F PCR-dot blot hybridizatioH 7]

mp
o

fE

. Biesiadecka, A. and Litwinska, B.Application of
polymerase chain reaction for the detection of herpes
simplex virus DNA. Acta Microbiol. Pol. 199746,
405-408.

. Brigen, A., Munro, R. and Reid, H. W. The detection

of Alcelaphine Herpesvirus-1 DNA by in situ

hybridization of tissues from rabbits affected with 12.

malignant catarrhal fever. J. Comp. Pathol. 1995
351-359.

. Broketa, M., Vince, A. and Drazenovic, V.Non-
radioactive digoxigenin DNA labeling and immunologic
detection of HSV PCR products. J. Clin. Virol. 2001,
23, 17-23.

. Chen, Y., Chen, Y, Li, H and Lu, Z
Chemiluminescence detection of Epstein-Barr virus
DNA with an oligonucleotide probe. Clinica. Chimica.
Acta. 2000,298 45-53.

. Cimino, G. D., Metchette, K. C. and Tessman, J. W.
Post PCR sterilization: a method to control carry-over
contamination for the polymerase chain reaction.
Nucleic Acids Res. 199019, 99-107.

. Duggan, M. A, Inoue, M. and McGregor, S. EA
paired comparison of dot blot hybridization and PCR
amplification for HPV testing of cervical scrapes
interpreted as CIN 1. Eur. J. Gynaecol. Oncol. 1994,
15, 178-187.

. Ensser, A., Pflanz, R. and Fleckenstein, BPrimary
structure of the alcelaphine herpesvirus 1 genome. J.
Virol. 1997, 71, 6517-6525.

. Hwang, S. J,, Lee, S. D. and Lu, R. HComparison

of three different hybridization assays in the quantitative
measurement of serum hepatitis B virus DNA. J. Virol.
Methods. 199662, 123-129.

. Kwok, S. and Higuchi, R. Avoiding false positives
with PCR. Nature. 19898339 237-238.

10.

11.

13.

14.

15.

16.

17.

18.

103

Levy, R., Najioullah, F. and Thouvenot, D.Evaluation
and comparison of PCR and hybridization methods for
rapid detection of cytomegalovirus in clinical samples.
J. Virol. Methods. 199662, 103-111.

Li, H., Dyer, N. and Keller, J. Newly recognized
herpesvirus causing malignant catarrhal fever in white-
tailed deer @docoileus virginiands J. Clin. Microbiol.
2000, 38, 1313-1318.

McNicol, A. M. and Farquharson, M. A. In situ
hybridization and its diagnostic applications
pathology. J. Pathol. 1997182, 250-261.
Muller-Doblies, U. U., Li, H. and Hauser, B.Field
validation of laboratory tests for clinical diagnosis of
sheep-associated malignant catarrhal fever. J. Clin.
Microb. 1998,36, 2970-2972.

Patel, J. R. and Edington, N.The detection of the
Herpesvirus of bovine malignant fever in rabbit
lymphocytesin vivo andin vitro. J. Gen. Virol. 1980,

48, 437-444.

Plowright, W. Malignant catarrhal fever virus, Virus
Infections of Ruminants. pp. 123-150, Elsevier, New
York, 1990.

Porter-Jordan, K., Rosenberg, E. I. and Keiser, W.

F. Nested polymerase chain reaction assay for the
detection of Cytomegalovirus overcomes false positives
caused by contamination with fragmented DNA. J.
Med. Virol. 1990,30, 85-91.

Schock, A. and Reid, H. W.Characterisation of the
lymphoproliferation in rabbits experimentally affected
with malignant catarrhal fever. Vet. Microb. 19%3,
111-119.

Xia, J. Q., Yason, C. V. and Kibenge, F. S.
Comparison of dot blot hybridization, polymerase chain
reaction, and virus isolation for detection of bovine
herpesvirus-1 (BHV-1) in artificially infected bovine
semen. Can. J. Vet. Res. 1998, 102-109.

in



