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Abstract

Isolation, characterization and development
of serological diagnosis method on equine
herpesvirus type 3 from equine coital

exanthema in Korea

Advised by professor Yoon-Kyu Lim

Jae—-Hyuk Yang

Department of Veterinary Medicine
Graduate School
Cheju National University
Jeju 690-756, Korea

Equine coital exanthema (ECE) caused by equine herpes virus type 3
(EHV-3) is a sexually transmitted disease which is resulted in the
failure of mating, declination of horse productivity and finally economic
loss in horse breeding farms and horse racing industry. In this thesis,

the clinical, epidemiological, immunological, and virological studies on



ECE have been performed in order to provide basic knowledge on the
first outbreak of ECE in Korea and to develop a serological diagnosis
method of enzyme-linked immunosorbent assay (ELISA)

In 2005, ECE had been occurred among the Thoroughbred
stallions and broodmares in Jeju, South Korea. Five stallions and 45
broodmares were infected in the breeding season. The clinical
symptoms were the formation of papules, pustules, ulcers and scabs on
the progenital skin and mucosa of horses. EHV-3 was isolated and the
glycoprotein G gene of the virus was detected from two stallions and
45 broodmares by polymerase chain reaction (PCR). The results
suggest that the horses were infected with ECE. The shedding period
of EHV-3 in stallions was around 22 days and that in broodmares
were varied. There was no different hematologic state between
patients and healthy horses. ECE did not affect on the libido of the
stallions and complications were laceration of glans penis and gait
disturbance of hind limbs in infected stallions. Since, DNA of EHV-3
was detected from nostril specimen of a teaser but was not detected
from oral specimen, the teaser could be a carrier without clinical signs.

EHV-3 isolate was successfully cultured in RK-13 cells and
cytopathic effect (CPE) of the virus was obvious at 48 hours after
innoculation. EHV-3 has been only detected from cultured viruses, but
neither EHV-1 nor EHV-4, by using PCR. The DNA sequences of
glycoprotein G (gG) gene from isolated EHV-3 was analysed and
compared to that of EHV-3 334/74 strain. Only 3 bases of the gene
were not matched with those of EHV-3 334/74 strain among 400
bases analysed and the identity was 99.25%. Four major protein bands
at 145 kD, 60 kD, 45 kD and 40 kD were detected by SDS-PAGE
analysis using EHV-3 isolate named as Georo strain here.

ELISA has been developed to detect antibodies against EHV-3.
Whole EHV-3 viruses were purified from cell culture and coated on
ELISA plate, which successfully captured by anti-EHV-3 antibody in

serum samples. The positive cut-off value of developed ELISA was

_Vi_



0.334 at OD4s wusing 15 negative control horse sera. The positive rate
of 20 sera from ECE positive horses by PCR was 65% and the
positive rate of 12 sera from ECE negative horses by PCR was 25%.
The positive rate of 72 sera from horses showing clinical signs was
59.7% and the positive rate of 72 sera from horses showing no clinical
signs was 13.9%. The correlation of serum positivity between
broodmares and their sucklings was analysed using 12 pairs of cases
(y = 05418x-0.0158, R = 0.4931). The data suggested that specific
antibody against EHV-3 from broodmares might be transferred to their

sucklings by nursing.

Keywords : Equine coital exanthema, Equine herpesvirus type 3,

RK-13 cell, DNA sequencing, ELISA.
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AFEE DAY ¢ A2 §39 Aol
Sesel Hol7] WEel Aedew FAaH A% Az
o 2AGAT A% o @] g Aol s A5 S5,
w3 o @ ol fo] AANNE HAA o B AL D §47H FHE
A% Qmalsh B3 Aokd, 2003). AFE AL

o
=
sl e G & AFWI WHAA LSS F4AID
I o o
=

A dAs To=E gk wujES Fol AHMcKinnon Voss
1993).

W A S AsfeteE HEAQA FAS2 herpesvirusitol = Z2 Hjo]
Hqasol i wg kAl AWE FEAZIHH(Ostlund, 1993; Studdert,

1996, Fukushi %, 2000). Equine herpesvirus type 1(EHV-1)o]A
EHV-57}#A = 2ol EHV-6, 7 % 82 asinine herpesviruses(AHV) 1, 2
2 3k Wrst gyl 74 gtk (Ostlund, 1993).

Tl M= EHV-13 EHV-4¢] o] &A7F ¥l o, & Al
A3 Bagh A9 E ] Al EHV-3+ o4 —ra]% w7t gl
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Equine herpesvirus= #d AAIA o2 T AdE Aol 71 gk
S A= dxdd #WAdA o) (Ostlund, 1993). % (equine coital
exanthema: ECE)-& equine herpesvirus type 3(EHV-3)ol <3} A% 1
A2 7] gl Fol] wekgk FEPFAAATE A e Aol o277 A thF

= Uede 54 A7 ddsol 2 Aabdel AAA
982 v Xt (Bryanse} Allen, 1973; Colahan 5, 1991; Kobluk 5, 1995;
Studdert, 1996; Colahan 5, 1999a). ¥ Z W& Equine herpesvirus 3
(EHV-3) disease, coital vesicular exanthema, equine venereal vulvitis,
genital horse pox, spots Y3+ balanitis Solgt% AT Joneset
Hunt, 1983; Timoney %, 1988; Rossdale®} Wreford, 1989; Davies
Morel, 1999). € Ao SR ehdola o A4 7o FX E= 7
974 wo] P, Wujr et FH SFVIHY HuelMrm B
o] WARAWHLui, 1983; Bowen, 1987; Carlton®} McGavin, 1995;
Studdert, 1996) A} efoll A F4FS WA ¥ %] eFi=t}H(Fraser 5, 1991).
T3 wae Ay AdFer EHE By oYy f5EFF
(papillomatosis)# o] I F-o vt QIS Afo] W 7] wio] 351
o7% EFHEa JQia(Kobluk &, 1995 Reed®t Bayly, 1998; Lloyd %,
2003) Abgrelut th2 Fo] FEAE AYHA ekEvh(Joklk 5, 1933).

D2 1941719 2041 7] Zurel oA ASa A aL(Studdert,
1996) 1968 | th(Girard &, 1968)¢} "= (Bryans, 1968)ol 4 # &2
2 EHV-3% #2359 tH(Bryanset Allen, 1973; Crandell?t Davis, 1985).
1 % 35 (Pascoe 5, 1968; Pascoe %5, 1969; Feilen %, 1979), <=+
(Gibbs &, 1970; Dwyer &, 2004), Wv}=(Bitsch, 1972), =Z¢] 9]
(Bagust 5, 1972), 5 (Thein, 1975) ¥ <%= (Uppal %, 1989) S Aol Al

-



WAt A= A AAA EASta 9o (Craiget Kehoe, 1921;
Bryans, 1968; Pascoe &, 1969; Bitsch, 1972; Gibbs &, 1972; Uppal &,
1989; Studdert, 1996; Reed¢} Bayly, 1998) Yo = wAxl oL}
(Seki ‘5, 2004) ot# = ¢ Hie glATh

ol Al  equine herpesvirus®} #HHEH RHuE AHERWH FHx=
Bak(1981)°l o]l f+atel Zefjobe] W 51 7h& Wt or HAatsto]
H o g S glg vp Qlar, A EHQ A o3 W=
= PollME 4t EHVY 25718 EHVZE 3%9F 4% Z18]a A F vl
Me & ot 22%9] FPES Haskdok(e] &, 1986). &g 1990 F
gho 2 fFAbEjotell Al EHV &elel A¥statil(x &, 1994, b, ¢), 1 ¥
W Z2A384 2 immunogold 7]l <3t HAEAvAA AT T

1996)3% TFEAAHANS 7IHE o]&3ste] EHV-13% EHV-45 2383

2

TS debd o wHlE T3 AV AFor Ay wejE st
A e FHoA = mlolyavt Eel® ¥l 9t (Krogsrud®} Onstad,
1971; Bryans$} Allen, 1973; Crandell¥} Davis, 1985). T3 @& 2] 3}
= HEFTe] JF g8 AdH 7= st geleh 2o 2F, A
A YR TY wilE 2 HEggRdeRR Aol Jhesta oAt
o ol % ZutHAt(McMullan, 1982; Kobluk &, 1995; Knottenbelt2}
Pascoe, 1997; Reed®} Bayly, 1998; Colahan &, 1999ab; Pascoe%}t
Knottenbelt, 1999; Scott¥} Miller, 2003).

A3 = 5o Aut(recurrence) =] o X7} wjg- @
t} o Aol theksltl. Pascoet Bagust(1975)% -7 & o)
ol A o] AHWo] AETlE HuE Qv oy herpes simplex
virus 29 A%-& FF & w, A= AAAAME FEsirhrr AT E L

npolH ~7F wiEE = Advti(Studdert, 1996). ojw] tiekdt Hw=o] At
< = o

=

o
)
=

k=l
o

P

¥

= A

D S Fakehs 2

=i}
=
ol 2 FEAAHE Fo Wue AR owmr) W A s}



shth= 7pAd o] -8 th(Pascoe®t Bagust, 1975). 8+, EHV-37} A &7¢

FasteAE deA A gokoy AW B £ 2EY L Tk A
t}(Pascoe®t Knottenbelt, 1999). M 2% W37 e] vy =3l n}

27t g s gomM AFE L 3 AT EE gt 1~2 o
Hhol g 27b v & 7] wjio] 223 vl(index case)o AL o] &
o] tH(Studdert, 1996). T3 AW o] FnkiFol= nloj 27t wjEH A %
17 wiell AE Aol F9 sl oF gk oh(Scott¥} Miller, 2003).
9???} FdE A mlole 27t Al HPste] o] o] F
ojzxltt. Wwol FAtH = Jel= vl theFedl 7)o ZAE vpole =
of & M2 w79 a4 B R A= To aasd 98 #¢
Htt. EHV-39] F=#x EAL bovine herpesvirus type 29 herpes
simplex virusx ¥ Z@AAI o] Aol Fretth(Martin @ 5, 1966,
Studdert, 1996).

FE7)E oY Aol 12~24A3F ZE 24~4BA A B &=
sty diAZ 3~7dolal Aoy 9 10~ 1L 7HA 748 tH(Krogsrud <}
Onstad, 1971; McMullan, 1982).

AFdolres e+ F2l9 X3 YRoAx= Yol #EdAtH(Rooney
9} Robertson, 1996; Aiello %, 1998; Rose®t Hodgson, 2000). o] %3
9 1~15 ecm® FE7F AFAMFH YEuA A S8 AR A7

I (Hawcroft, 1994; Kobluk &, 1995) 2~5¥¢ o= A= #zH
tH(Bryans, 1980; Jubb®} Kennedy, 1985). AH Z7]o] +£X& w3 wH
A FE F FFol dAdEd. 1§ 22 3 3
a2 uggd w27 GEEd 34 52 A v e
Aot gk &3] A FEE vbde] A X5 gda 9
o] FAH 3 YFols XMooz WttH(Uppal &, 1989; Robinson,
1992; Rooney®} Robertson, 1996; Riegel®} Hakola, 1999). A ==eo] S-7
I xu= M dEAdel HliEtE FaEo|th(Colahan 5, 1999b). #H %
of PAHIJT Folol olxtztdde] vt 3 F Wl AF HWEA 2

= % pZ o2
2 _VE o

)

o
»

©



g e A& EA5A] P9 (Bryans, 1980; McMullan, 1982; Reed<}
Bayly, 1998; King, 2002).

Aol FHzxeo ST ES oA FHE o= Aotk
(Krogsrud®} Onstad, 1971; McMullan, 1982; Hayes, 2002). W ¥ 4o
A FEA ST AAY AL (Girard 5, 1968). 71W, Al &4y H i d
5o " FAo] M Avk(Gibbs %, 1972; Robinson, 1992). 11} o

2o Aol ooz ddFel vicksA WAy AL, A
\==Ne)
[}

9

5ol A ‘ﬂ—izﬂ o] #EHI g =EEAE FAEEol UEFETHRooney 9t
Robertson, 1996; Aiello %, 1998). Wl 2+ &% 0 2 Streptococcus spp.
o Alvt 2 FFol7t AEE AGES

el

N
kI
ot
f
X
>
e
i

(McKinnon¥} Voss, 1993; Aiello %5, 1998; Scott®} Miller, 2003). =&
B REe AsEe x99 5 g AR e 9 Fiox
UEPd o (McKinnon, Voss, 1993). 4ol A& &3] STdllA Aoz =
Hol Flx& Fojojla W AXAAG nmgse] AFHAT F4o A

5]
) o = —
st A9 - ¥ mE 1

2,
>
1
0%
(B
o
2

¥l

WA AAHA Fdrd FE Hu
A &2 wgEe] F9 IR FHgh A
t}. Herpesvirus7} 9sl= WS W& (scan) W EHl 2 Holglx
&= AFgol Al HSV$}F varicella zoster virus(VZV) # el 93] G2 <}
X7 AfEE wrEo]l X ke W fAFsoh BWW-S poxvirusZt
WElE HAF 9 gd x7)o = v 28 A W poxvirusZb e HWH S
f Fo wrEo] & A (pock marks)® S ZM herpesviruset TEE T W

Hol Af¥= HAg2 ATt vszstal(Blanchard 5, 1992) &332

&
e
v}

O
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A= 4%7F gy tiFraser 5, 1991; Aiello %, 1998). OEOI
AHEa A o o)A Ay A]7)1# FEr(McKinnon¥ Voss, 1993).

% - [e) [e)
Gol BEo] MAHI YWHAES o UL 4 FIol X
_]

(Colahan &, 1999ab) WH 2 TFHUE ~gzte] . 2EHRE AL
S E2A7)71 % dtH(Reed®} Bayly, 1998; Pascoe2} Knottenbelt, 1999).

HH2 Ao o] fFF8 ERste WolAlo FEo] B dEdl
UEeElY 7| = a1 (Craig®t Kehoe, 1921; Crandell?} Davis, 1985; Rooney <}
Robertson, 1996; Reed®} Bayly, 1998) B]Zduto A= o] d-AwH
(Savage, 1999; Ball, 2001; Lloyd %, 2003) Aol = HHS #zd 5=
A THWilkse} Studdert, 1976). Wwj = A gt HfolAe= bde] F2 oA
T #EHT e A SR BFS 34375 shth(Higgins® Wright,
1995; Siegal &, 1996).

AAE AT gHErt gaste] ey wmE shEskA Fiu
(Morrow, 1986; Higgins®} Wright, 1995; Aiello &, 1998) & 2o = <l
& wujst71E 73t (Hawceroft, 1994; England, 1996; Hayes, 2002).
Aoz HE AEFEo Yt ol =3 ¥ X (smegma)dt E5
2 THHiggins2} Wright, 1995).

AW g|etA o7 244 9

¥ oo

[e)

bl

o

dr
ST

r

=
¢ IRy 5

Blo sF7ok Fxgal g Hfo] BAtHGibbs 5, 1972; Higgins®t
Wright, 1995; Rooney 2} Robertson, 1996; Reed®} Bayly, 1998; Colahan
%, 1999ab; Lloyd &, 2003). 3 Alxe] W2 &35 71971 JA
H 7t = AF4AaE YA Gibbs 5. 1972; Wilks$t Studdert, 1976).
Bowo A e FAZ8 g (acantholysis), A D E3] WA FE7}
A ¥ H(Scott@ Miller, 2003).
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} ot (Fraser %, 1991;

5|
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A ol

A}
, 1995).

Azl o
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o Al oFsh=
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=

gl

p==
[}

Higginse} Wright, 1995; Kobluk
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1) ¥HAA
Az D A Hat

2005 = 7| 7HEE ~7Y) Toll Sharubabe] AlFAHFuE R
24F, W17+ Thoroughbred A% 3% 2 AJA v}l 150 Wiste] w74, 7

A, A%, 97, B3, ¥4 % R 5 AAsgr

Agtd 2 FolA
2005 ol SharumpAls] 2wl WHES A5 A4Hs7Ee] Thoroughbred
A 327*1‘9} WEA AFAFuEFo g o] 53 AYD 557 &7
A7), A, i 2 B eal AlFAY ALks T Aokt s sk
a9

EfdolA] 1245 st A =

Al &2 A F

274 ] el g WE(swab)(Culturette™, Becton Dickinson &
Company, Mexico®} Cultureswab'”, Becton Dickinson & Company,
France)< ©]-&3dto] A7) WHF9 9 ndolA A8E AAFAIL, Al
A S AFdstal olsta Fold gy uido] o6kl

3 CogRuhaE AFATEEG A5 250 dete] ol
A2, AsmEed 2 R ARz 15 % 59l AAstdla, Wzt A

T 35 ko]l Fofik 2 2 B 3 5 F 5ol HAE sk

facs
-

_‘IO_



DRFRE BRAE BT A5 259 dedo] dAHE A
=

AFA S Brs7Ee] Ad 4550 thsle] AAH ] HA

D gas 24

wujetr] ol o AAVIE AHI thae WWs skl
ol &% F EDTA FH (BD Vacutainer' ', BD Vacutainer
Systems, UK)
Sol & the WY nushed AP o EsAth deln P8 uA}
2 AolA EolA o 30% Tt =
950™, Drew Science, USA)E o] &3&te] My AT 9 iy 5

=93t A% BEH vwsy

il
o,
oo
_?L
s
o
oo
H
é
o
i)
2,
o,
N
o
ol
i
al
fu
BN
>,
>~
T
x

rlov

dF 28 SAL AAGPoA AP T FHGd FE(SST Gel &
Vacutainer' ™, BD Vacutainer Systems, UK)dl] ¥ -&

of WA E7IH(SCL Aot r4, =)l A4S o =5k

O
O
2z
‘:f
<
o
=4
[}
=

1) DNA F&
WA swabs ol&3dte] HHES AT
(QIAGEN, Germany)9 3

Hlo] 222 DNAS FE3IA

QIAamp DNA mini kit
Wrgel ofsfi A o] &ete] Ag A WHoR
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2) Primer A%t
EHV-3Z &9213}l7] 9389 primers Hartley %(1999)¢] A %3k Wy o
2 A Z3FA aL glycoprotein G(gG)9] 591421 nucleotide sequenceE A}

|3k vH(E 1-1).

Table 1-1. Nucleotide sequence of primers used for PCR amplification

of glycoprotein G gene of equine herpesvirus type 3

Primer

P®) Sequence(5-3) Orientation
EHV-3
GCGCTCTCTCGGCCTTGCCAG Sense
P1 (792-812)
EHV-3

GCGTCTCGAAAAGCGAGAG Antisense
P2 (1,309-1,290)

3) PCR ZA}

PCR¥ premix (25 mM MgClh, 02 mM dNTP, 05 uM Taq
polymerase, 0.5 unit, Bioneer, Korea)?l PCR grade sterile water, 0.4 u
Me] forward primer®} reverse primerE 27t 1 w0 , 5 w0 DNAE H7}
sto] & &0l 50 w7t HE% St

Cycling& GeneAmp PCR system 2400(Perkin Elmer, USA)<S o] &3}
o] 33ttt Initial denaturingS 95 TolA 10 #7F ¥r& A7) 2
denaturation= 95 TeollA 1 #, annealing2 60 TColA 1 ¥ 1822
extensione 72 T4 152 40 cycles 3+ 2™ final extension< 72 T

oA 10 =3+ A Alskdth

4) PCR &9 &<

PCRZ F%% products 10 /= TAE (0.04M Tris-acetate, 0.001M
EDTA, pH 8.0) bufferE running buffer® 3= 2 % agarose gelo] =4
% 100 V, 30 E7F mini-gel electrophoresis unit(MUPID-2)el A 7] <3

_12_
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Fig. 1-1. Lesions of ECE on (KS 1)'s penis, showing the pustules
particularly in the area of the glans. A: Ulcers on a glans penis.

B: Pustules on a urethral process and glans penis.
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Fig. 1-2. Lesions of ECE

on the penis of
Thoroughbred stallion. A: Scabs on body of penis and prepuce

a

and ulcers around preputial ring. B: Pustules on urethral

process(solid arrow), ulcer: on a glans of penis(empty arrow).
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Table 1-2. Clinical signs of 4 KRA Thoroughbred stallions affected

with equine herpesvirus type 3

Symbol of ) ) White
) Sites Vesicles Pustules Scabs Ulcers Edema
stallions spots
Glans + + + + + +
Penis + + + - +
KS 1 Prepuce + + + + + +
Scrotum - - - - + -
Hind limbs - - - - - -
Glans ++ ++ ++ ++ ++ ++
Penis ++ ++ ++ ++ - ++
KS II Prepuce ++ ++ ++ ++ - ++
Scrotum - - - - - -
Hind limbs - - - - - -

KS I Whole body - - - - - -
KS V. Whole body - - - - _ -

KS: Korea Racing Association's Stallion

—-: no lesions, +: mild, ++: moderate, —+++:' severe

_17_



Table 1-3. Clinical signs of 3 private Thoroughbred stallions affected

with equine herpesvirus type 3

Symbol of ) ) White
) Sites Vesicles Pustules Scabs Ulcers Edema
stallions spots
Glans + + + +++ +
Penis + + + +++ +
PS 1 Prepuce + + + + T+ +
Scrotum - - - - ++ +
Hind limbs - - - - - -
Glans ++ ++ ++ ++ +++ +
Penis ++ ++ ++ ++ +++ +
PS II Prepuce ++ ++ ++ ++ +++ +
Scrotum - - - - +++ +
Hind limbs - - - - - -
Glans + + + + +++ +
Penis + + + + +++ +
pPS I Prepuce + + + + T+ +
Scrotum - - - - +++ +
Hind limbs T b e — - -

PS: Private stallion

- no lesions, +: mild, ++: moderate, +++: severe

_18_



Fig. 1-4. Lesions of ECE on the vulva of a Thoroughbred broodmare.
A: Early stage of ECE, B: Late stage of ECE.
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Table 1-4. Clinical signs of 45 Thoroughbred broodmares affected with

equine herpesvirus type 3

. ) White
Sites Vesicles Pustules Scabs Ulcers Edema
spots
Perineal region + + + + - +
Vulva + + + + + +
Muco.cutaneous ++ ++ ++ ++ ++ ++
Jjunction
Outer Vagina + + + + + +
Inner Vagina - - - + + -
Clitorial fossa - - - - - -
Udder - - - - - -
Hind Limbs - - - - - -
Abdomen - - - - - -

- : No sign detected, + : under 5 horses, ++ : 5~ 24 horses, +++ :

over 25 horses
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Fig. 1-3. Outbreak of laceration as a complication on the glans of a
Thoroughbred  stallion after covering. A: Laceration on a
glans penis. B: Ultrasonograph of lacerated area on a glans

penis.
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Table 1-5. Libido test and complications of 7 Thoroughbred stallions

affected with equine herpesvirus type 3

Affected stallions Libido Complications

KS 1 +++ None

KS O At laceration of glans

KS I +++ None

KS IV +++ None

PS 1 +++ Gait disturbance of hind limbs
PS 1T +++ Gait disturbance of hind limbs
PS M +++ Gait disturbance of hind limbs

KS: Korea Racing Association's Stallion, PS: Private Stallion.

++! poor, +++: normal, ++++! exciting

_22_



1) A3 A

.
o

]
—_
!
o

==

B

[e)

4565 ol A]

_&O

& (hematocrit), %

2T g

b

o)

=K

o
<
o

= PATGE 1-6).

o Aol

]

e

2) WEH T A

ol

A

I oha =9ke 1y FSH,

S

of ]

Testosterone®} LH

Estradiol

& e

o4

bl 5

5]

Ao o

=
-

7 o) ey

ok
2

2 Ty

14(#):

3
ar

b4 ergreh

_23_



Table 1-6. Hemograms of 45 broodmares affected with equine

herpesvirus type 3

Normal Patients
Hemograms

[Range or Mean (+SD)] [Mean (+SD)]
Total WBC(10%/x0) 53 - 117 860 (+ 1.81)
Basophils(10%/u0) 0-1" 0.03 (+ 0.03)
Eosinophils(10%/40) 0-38" 0.25 (+ 0.15)
Neutrophils(10%/.0) 21 - 6° 535 (+ 1.42)
Lymphocytes(10%/40) 17 -5 2.80 (£ 0.68)
Monocytes(10%/40) 0-6 0.21 (+ 0.18)
RBC(10%/40) 9.35 (+ 1.05) 855 (+ 0.96)
Hb(g/de) 148 (+ 1.3) 14.33 (+ 1.69)
HCT (%) 417 (+ 38)" 37.87 (+ 453)
MCV (L) 44.7 (= 3.4)" 4429 (+ 2.29)
MCH (pg) 159 (+ 1.4) 16.77 (+ 0.81)
MCHC (g/d?) 358 (+ 1.4)" 37.43 (+ 3.27)
RDW (%) - 23.77 (+ 0.83)
PLT(10%/ut) 80 - 397° 178.22 (+ 9.54)
MPV (1) - 830 (+ 1.19)

WBC: white blood cell, RBC: red blood cell, Hb: hemoglobin, HCT:
hematocrit, MCV: mean corpuscular volume, MCH: mean corpuscular
hemoglobin, MCHC: mean corpuscular hemoglobin concentration, RDW:
red cell distribution width, PLT: platelet, MPV: mean platelet volume.
* Reference value on normal Thoroughbred mares(Robinson, 2003).

+ Reference value on normal Thoroughbred adult horses(Morris, 1989).
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Table 1-7. Comparison of mean hormone levels of 10 stallions

Hormones

Post-outbreaks

Normal Patients
Testosterone(ng/ml) 0.13(+0.04) 0.37(+0.33)
LH(mIU/ml) 3.18(+0.63) 4.01(£2.65)
FSH(mIU/ml) 5.56(£7.09) 3.38(+2.03)
Estradiol(pg/ml) 11.10(£3.24) 6.0(£2.12)
Ty(pg/de) 12.30(£1.28) 11.89(£0.83)
Mean(£SD)
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AbE 3 A3} 518 bpe] PCR AHES #o1d 4= ATH( 2™ 1-4).
AFSEdE Hetle d=rbabs] e 257(KS T2 KS e A4
frdo]l AlE = 2579 A7 FHE HEoR A FH s
PCR= A A3 d358S Uedls 25l A nlole] 27t HE5 3
[e3]

A ATl fl=(KS I 3 KS V)elAe Aot 28 s
A

Jol Bl Wl ARE ek A A 45570 A= 29F7F PCR #HAF Z
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i)
9,

A= oF 58Uzt mielE A s wiE skl :L?Ji AWUM g ol M=
e #ET F gAAT PCR HAAME ¢ AR FAANES

L oF 6U 3 vlolH AE wESFATHEE 1-10).

_26_



Fig. 1-4. Amplified PCR products of EHV-3 gG gene from field
specimens. M : Molecular weight marker (100bp DNA Ladder), Lane
A~L : Field samples.
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Table 1-8. Detection of EHV-3 gene fragment using PCR from horses

Horses No. of samples No. of Positive Positive rate(%)
KRA Stallions 4 2 50.0
Broodmares 45 29 64.4
Other(male) 1 1 100.0
Total 50 32 64.0

Table 1-9. Detection of EHV-3 gene fragment using PCR from pre

and post covering broodmares

Covering Pre—covering Post-covering Unknown
PCR 2 19 9
Clinicla sign 10 26 9
Rate(%) (22) (58) (20)

Table 1-10. Virus shedding period confirmed by PCR test in two

stallions, three broodmares land teaser

Symbol of Virus
First date detected Last date detected i .

horses shedding periods
KS 1 APR. 8. 2005 APR. 30. 2005 around 22 days
KS I APR. 23. 2005 MAY. 16. 2005 around 23 days
B APR. 9. 2005 JUN. 6. 2005 around 58 days’
E MAY. 18. 2005 JUN. 6. 2005 around 19 days
N MAY. 4. 2005 MAY. 22. 2005 around 18 days
T 1 MAY. 8. 2005 MAY. 14. 2005 around 6 days

* Co—infection with E. coli-like bacteria.
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Table 1-11. Virus detection using PCR test from sucklings

. .. ) Sampling
Sucklings Clinical signs ) PCR
site

Sug ND" Nostril N

Sha ND Nostril N

Est ND Nostril N

Not ND Nostril N

Cru ND Nostril N

* ND: Not Detected, ¥ N: Negative.
Table 1-12. Morhidity survey on affected breeding farms

No. of No. of Morbidity
broodmares positive Rate(%)

Clinical signs 416 44 10.6

PCR 305 29 9.5
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Pregnancy rate

Fig.

80 r

| |

KSI KSII KSIII KS IV Mean
Simbol of stallions

BPregnancy rate of
Pre—occurrence
OPregnancy rate of
Post—occurrence

1-5. Pregnancy rate by affected Stallions, carriers and

all

stallions. * Stallion covering time per broodmare(before and after

ECE), KST:1.16 and 15 KS II:1.35 and 1.0, KS II:1.44 and

1.81, KS IV:1.64 and 1.75.
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Table 1-13. Occurrence of ECE in broodmares after treatment

of infected stallions

Stallions Breeding Occurrence in broodmares
KS 1 8 0
Ks @I 2 0
KS M 22 0
KS IV 40 0
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Herpesvirus 8ol AtES 23ste] & T4
Hholg 250 v Qi EaEE[EREIdA S dAZMA F 9 F/7F
gtol 5 A tH(Ostlund, 1993; Studdert, 1996; Fukushi 5, 2000).
EHV-1°l4 EHV-57tA+= o] AWES fFEstal, EHV-6, 7 2 82
asinine herpesviruses(AHV) 1, 2 ¥ 32t1% Wysty Fu7e 427

Agoltyt HE T FAE © A1HOstlund, 1993). EHV-1&
Alphaherpesvirinaeoll Z3dla Jal#e] F3A4 FAH A AT ol 9
HAA, 57 249, 29 2 otdvpn] Fo AAARS {5 ¢

of thefst WeEstd AEE oprlske Hholg{ o] (Allen¥}t Bryans,
1986; O'Callaghan ‘&, 1993) <59 WAl H<{isto] HAAstE 2
shal EFFAsH7] o dA-E ]t W o] vkE-E th(Robinson, 2003). <+ 7]
=3 Fyciel A M2 AAE EHV-1 5ol HAste] FAAQA I
3 @) vH(Church, 2005; Herbert, 2005).

EHV-4% Alphaherpesvirinae® <:3}al, 1~241¢] wWolx|o] n|HH 3}
2 w4 ANEE7] ASE P &8 sk, SA4e] weksk ARt
Ao dde] & Bk oy abdA o R {AbS U075 (Ostlund, 1993)
ofd oA 100 % #HEES HEFH AT (Robinson, 2003). EHV-13
EHV-4+= A AAA o= i #dd Ao A o= G Jgks 7]

T T8 YA el o], 1929 w5 AE ] AWl A FaAd
s frdetdA HxE FEE At (Allen?}t Bryans, 1986; Coggins,
1991; Matsumura 5, 1992; Ostlund, 1993; Crabb3¥} Studdert, 1995).

=

EHV-2% Gammaherpesvirinae® #F3lal i Aoz A7 s =
o oA el THF uhatel YA HAJow dnk oz nyg Aol
ghal gl A ok ey HE Aol ostH EHV-2¢F WolA Y S
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7] Aglo A AAA]o] Uth= Aol H %l (Kemney et Pearson, 1970;
Browning¥ Studdert, 1987; Welch &, 1992; Mair, 1999; Barr, 2003;
Robinson, 2003) 2= AY¥E 2 HAYE Zhersd, W Ast 3 poor
performance syndrome¥} <13o] Qltfal <&l xit)
EHV-5 9] Gammaherpesvirinae® #F3Fil QL &
wetthal FAska oy ZAsHA A" Baie gloH(Robinson, 2003).
A, FuhH 9] nie]#{9l AHV-1+= EHV-3¢} <d#Ae] glov @
7ol -zl el A el 3k uhole 9] DNASH EHV-3¢] DNA= H 93
gates Aol S EAH(Jacon &, 1988). AHV-2= EHV-29F ##o]
S, AHV-3= EHV-13 d¥Ade] glvha &2 A th(Studdert, 1996). 1
g ZHeds AFF % FF vstEAd HAS FEste Gazelle
herpesvirus 1¢] #8% %11, EHV-1 ¥ EHV-8% 95%9] 545 Ho
EHV-9o]2} Wwats]om (Fukushi &, 1997) A A ow @ ik ope}
N, o], A2y B AR A B AEuS(gliosis) 5o 2174
M-S fbslth(Fukushi 5, 2000; Narita %, 2000; Taniguchi %, 2000a,b;
Narita 5, 2001; Yanai 5, 2003a,b). 281} FH o A5 (Burchell's
zebra)ol A wfole] = Ho|F3kakA]l HAPH S o]§3ke] EHV-9l gk &
AE TAstA 7o 2 A 59 Gl At (Borchers &, 2005).

EHV-3= A= 3 =894 54 <Astel EHV-1, EHVA4,

oo

) ARE §

o

off -

al

herpes simplex virus, bovine herpesvirus 1, 2 % 5, caprine herpesvirus
18]l canine herpesvirus* % Alphaherpesvirinae®] varicellovirus 4
(J&)ol <3kt 150nme =719 162709 capsomers® A% 1L, A E
A20W A 9] envelope Hiole]z~o|th, HAALEAE glom A A G AL 56
Coll 3027 =& A&5s8] 2d3tHa g9 A o9 FAidAM=
AESH71 7 o H ok (Sullivan 5, 1984; Studdert, 1996). Genome< 96.2 +
0.48 MDa¥ ¥ rst+ linear double stranded DNA©]il Z7]+= 148 kbo]
W type DY TFE 7FA Yrt. A7 L G+C T Ho] 66 mol% E A
Z+7y 57 mol%<?l EHV-1, 2, 4 2 5o H|s|A 7FE =t (Lugwig &,
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1971; Sullivan &, 1984; Roizman %, 1992; Studdert, 1996). T3t EHV-3
DNAS Ffai 1725 g/em’2M 1716 g/em’$l EHV-13} EHV-29}
+ U=t (Soehner 5, 1965, Lugwig %, 1971; Wharton %, 1981).
EHV-3 DNA% 2709l isomeric form¢|x EHV-1(Henry &, 1981;
O'Callaghan &, 1983; O’Callaghan &, 1981, Ruyechan &, 1982),
pseudorabies virus(Stevely, 1977, Ben-Porat &, 1979), varicella-zoster
virus(Dumas &, 1981; Straus &, 1981; Straus &, 1982) 18] 3 bovine
herpesvirus type 1(Mayfield %, 1983) %9 genomeE 3 EA1+Z7F F
Atttk EHV-3+ EHV-13 dejx oz Fo| E7l53tn B Age

9 FxH AAES FHHAT YuE B % welsy 54 o

R

3t 3] tt2 v (Darlington %, 1963; Studdert, 1974). EHV-3& 4k &
S7] A3t 2 AAAINS FE4A7)= EHV-13 EHV-4 ¥ EHV-29+=
gAdHorE Aol = (Girard 5, 1968; Gibbs &, 1970; Gibbs %,

1972; Pascoe$} Bagust, 1975)1 &kl ot} dF-o] AolA = 2 - IHHW
AFFH, AN, BAZE 2 dHFINEHE o] &3 AdAlA
EHV-1# EHV-3+ 3&&d<s &rstail At Gutekunst &, 1978)aL s}
A TH

EHV-37F &9 o] Ag HHS TAA7IAR AA7]| =
(reproductive track)®] Ay ZHolE WwWo] QloiEd olx Hpo]g] A9
LEUtEel AdE AHow & 21 t}h(Jacob, 1986; Jacob 5, 1986;
Jacob¥} Steiner, 1988). A ZEuj koA, 39 T o|Aeo] &%= EHV-39 &
AL &3t A] AR 34 ColA+ wioly 25 HAU2 53¢ = Qo
°ol:= EHV-37} viremias +%8h# &L 3k AAgEdelM e f4ka
o] gl ol & AWt (Jacob &, 1986).

t}2 Alphaherpesvirus®} W SA XS vlusjmd, EHV-19] Zuiuj<s
M3+ equine kidney cell(McCollum &, 1962; Bryanse} Allen, 1973;
Studdert, 1974), ovine kidney cell(McCollum &, 1962), porcine

kidney(McCollum &, 1962), dog embryo cell(Plummer &, 1969), cat

1,
i,
2L

7}
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kidney cell(Plummer ‘%, 1969), rabbit kidney cell(Plummer &, 1969;
Allen®} Bryans, 1974; O’Callaghan &, 1978), hamster embryo fibroblast
cell(O’Callaghan &, 1978) % mouse embryo cell(Plummer &, 1969)¢l
A vfeko] 7FsskA g EHV-3+% 2 24| equine kidney cellol| AW &2 o]
7}V 3t 2 (Bryanset Allen, 1973; Studdert, 1974) AGMK cell(African
green monkey kidney)(Bryans®} Allen, 1973), BEK cell(bovine embryo
kidney(Bryans®} Allen, 1973), ovine kidney cell(Bryans®} Allen, 1973),
porcine kidney cell(Bryans¢} Allen, 1973), rabbit kidney(Plummer -5,
1969; Allen?} Bryans, 1974; O’Callaghan 5, 1978), HK(hamster kidney
cell(Bryans®t Allen, 1973) Mouse(BALB/C) cell(O’Callaghan &, 1978)
2 Chick embryo fibroblast cell(Bryans®} Allen, 1973)ol A& F2]3}4]
o Skt

gk cell strains 3 cell linesg& AHHEWH EHV-12 & FHAEd
Kentucky equine dermis[KyED] cell(Bryans®} Allen, 1973; O’Callaghan
5, 1978), & F A E<l Equine transitional cell carcinomalETCC]
(Bryans®} Allen, 1973; Allen¥} Bryans, 1974; Allen¥} Bryans, 1976;
O’Callaghan 5, 1978), A& @A%< Hela cell(Randall®} Lawson,
1962; Darlington® James, 1966; Bryans®?} Allen, 1973) % KB
cell(Bryans$} Allen, 1973), ¥%o] felAxel MK2 cell(Plummer -5,
1969; Bryans®} Allen, 1973), Vero cell 2 BSC cell(Bryans®} Allen,
1973), & FeElA3E] MDBK cell 3 E7]f Al <Q] RK-13 cell(Bryans
9} Allen, 1973; O’Callaghan %, 1978), 3 ~¥l A £2] BHK21
cell(Darlington®} James, 1966; Bryans®} Allen, 1973; Jamieson <,
1974), w92~ FPAES LM cell(Randall?} Lawson, 1962; O'Callaghan
5, 1968; O'Callaghan 5, 1978) % 3T3 cell(Plummer %, 1969) S°] 3l
o}, 28y EHV-3= ¢ FdAM¥<Qd KYED cell(Bryans®t Allen, 1973;
O’Callaghan &, 1978)3 = F¢A3EQ ETCC(Bryanset Allen, 1973;
Allen¥} Bryans, 1974; O’Callaghan 5, 1978)o A v 52131318 ¥ Hela
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cell(Randall?} Lawson, 1962; Darlington¥} James, 1966; Bryans<} Allen,
1973), HEp2 cell ¥ WI-38 cell(Bryans®} Allen, 1973), MK2(Plummer
S, 1969; Bryans®}t Allen, 1973), MDBK cell(Bryans®} Allen, 1973;
O’Callaghan &, 1978), RK-13 cell(Bryans®} Allen, 1973; O’Callaghan
%, 1978), BHK?21 cell(Darlington® James, 1966; Bryans®} Allen, 1973;
Jamieson %, 1974) = LM celldlA e F248#  &kvh(Randall#
Lawson, 1962; O’Callaghan %, 1968; O’Callaghan &, 1978). 1¥ 1
Pascoe 5(1969)7 Kamada 2 Studdert(1983)% EHV-3& & fFEiAx
N FA g rkar B skl

Equine fetal kidney cellel HZ3sle] 69 Fo] A4 1leme 2 plaqueZ
#4497l wZel EHV-1 % EHV-4¢F 47 ¥ v(Studdert,
1974). 22 gB¢ gD 9 @A volef s EHA|o] Aol x|k vt
A gEet glof e daide HA¢ F#etth(Neidhardt &, 1987
Balan ‘&, 1994; Dingwell 5, 1994; Rebordosa &, 1996, Matsumura s,
1998).

wreba] Tzl e] fdQlutel g ~ql EHV-39] et A vtelg 93}k,

-
HAAEHFTS 53 SHAFE A3 Eyulolgl 29 gG proteins

[e) = -
s EW gEFe 454

coding 3= DNA Sequencing 4
(homology)e] XA}, A&7 A4S

3 G SA4S 2AFE

9 gud 93 9 27958
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II. A5 ¢ H

O
e

1. M2 9 #po|yq & g

1) A Zu)

MEMSFS A& 2378 MDBK cel(KCLB 10022)3 E7] 21732
RK-13 cell(ATCC 174)& AF&stitt. MDBK cell®] #j¢Fd2 a
~Modified Eagle’s medium(a-MEM)el fetal bovine serum(FBS)E 10%
A 7Febar,  penicillin(200IU/ml),  streptomycine  sulfate(200ug/ml),
kanamycin(200pg/ml)& H7bste] ARE3FA L, RK-13 cell®] w2 10%
FBS, penicillin(100IU/mf), streptomycine sulfate(100xg/mé), amphoterin
B(2.5ug/ml), 0.1mM sodium pyruvate, 0.ImM nonessential amino acids,
1.5g/ ¢ sodium bicarbonate”} H7}¥  a-MEM<S AF&39dth. BE AX
= Zgk~¥ w9 (Corning, Mexico)S ©]&31 1L, 5% CO, #<, 37T
S Sholl A vl st

2) vlolH 2 g & EIAA
o] AEE wjckste] A 24A17F Fol °F 80% sheetE &elslal W
Hol A A FH e WES a-MEMY ¥ & ul#] 1 mlES HEst AE7}
o

£9 33 WRE T, 8000xg, 3087 AR sto] FEAL 5T &
Pz B

=
00rpmell Al 2A1HE ¢ n& P4 F2 & At as5dAl

[\)
<o
o

3 A& HHAE-E phosphate buffered saline(PBS)el| 3} %<t
A1 71 3L sucrose gradient ultra centrifuge(SGUC, 14,8000xg)S 2A] 7+
et AAlste] viold g HA| stFTH 3TE £82 GEAE o] 85
TS elstal PCRE el typed SRl F 7z Ao Apgsialt
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2. DNA @714 4% 4

RK-13 cellol Al ##3 EHV-3 gG2 DNA 97|44
3730XK (Big Dye Chemistry, USA)E o]&3slgor nagduAYd
GenBank(http://www.ncbi.nlm.nih.gov/BLAST/)oll 5% o3l+= EHV-3
334/74 strain@} B] L3}

3. Axdv 3 B#F

283 vlo]lg] A~E AAI T 2 9% potassium phosphotungstate -8 <4
(pH 6.8)¥ sFo=
%]

&to] FatdAEm|

&
£33} formvar-carbon coated gridell mounting

(TEM)<= ol&3to] #&st3d
4. @93 £4(SDS-PAGE)

SDA-polyacrylamide gelS A Z3s}7] ¢ A2 SDS-PAGEE ¢ 30
Laemmli(1970)¢] W& o] &3kl & 2-13 3Fo] FH|F3H

Separating gel Table 2-29} o] A %3l 10 % APSe} TEMEDE
Z3513to] gel plateol] 3} T} Palte9} glass plate Abeloll 7] E¥HA ¢l
B33 welld] ZoA 1 cmA X9 stacking gelS ¢33 7S
T3 DDWE AYA gelo] =Ho] A 3}t Separating gelo] &
DDWZE #|A3d}al stacking gelS Table 39 2 Ao & 3}y
A 10 % APS$} TEMEDE £33 % plate 49@7bA #£F3tal well&
1Al glEE Fo5te] combe AFEIATE Gelo] EolAEE
30-35% HE A2oA FA& F combs ¥olA well IE DDWE 33
M A3 gel casterE Wl AT Gel Hrol Eojd+E acrylamideE €4

3] A A3 gel running tankel F#3dF ¥ upper tank®} lower tankell

o
i
X

flo

ot
M
N

running bufferE = %t}
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1) #719% SAMPLE

chal eko] Janemttt 20 pgol = A g

g F 39
1:3 %

A 7} 4 X sample buffer
w3 F drdEsAT. olg 94

sampleS H| 3}

qro] W= 100 CollAl 377+
st T4 dE FEUE
FHE gel?] 19 welloll &=

H A wellol= Z+

&

s Fou

Standard Marker(Biorad, USA)E 5 ul, Y
samples 6 W2 loading 3} %}

2) A719%
71959 2212 100 mA/gel2 FEFA o] A 50 VE 2451

bromphenol blue dye”} stacking gelS Hold wl 7% 953kt o]

%100 V2 5943

=

>93] oF 1A7F 5<F bromphenol blue dye”} Hlgel

L
& o A dr1FdEE AAlst

. I

3) 94

A71g %0l B gel> DDW= A& star

solution®. & ¢F 24|k Fot

Coomassie gel staining
Attt ©EAe Coomassie gel

destaining solution©. = A| 2] 3}l staining solution® = °F 4A]7F &<t &}
[ex]
AA .
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Table 2-1. Compositions of reagents used for SDS-PAGE

Medium Contents Quantity
Acrylamide 38.67 g
40 9% Acrylamide stock bis—acrylamide 133 g
In 100 m¢{ DDW
1.5 M Tris 90.855 ¢
Lower gel buffer
0.4 % SDS 10 m¢ of 20 %6 SDS

(4 X LGB)

pH 8.8 adjust with HCI

Total 500 md

Upper gel buffer

05 M Tris
0.4 % SDS

30.77 g
10 m¢ of 20 % SDS

(4 X UGB) ) )
pH 6.8 adjust with HCI Total 500 md
10% APS Ammonium persulfate 100 mg/ml
100 96 glycrol 5md
4 X loading dye 4 X UGB 4.4 mb
0.5 2% bromophenol blue 04 md
4 X loading dye 350 b
) 20-2%-SDS 126wl
Loading buffer
2 % MESH 14 ul
Total 490 wl
Coomassie blue lg
Coomassie gel Methanol 450 md
staining solution Acetic acid 100 ml
DDW 450 md
. Methanol 100 m¢
Coomassie gel _ )
o ) Acetic acid 100 me
destaining solution
DDW 800 md

_54_



Table 2-2. Compositions of reagents used for SDS-PAGE gel

Medium 125 % Separating 15 % Separating 4 9% Stacking
40 % Acrylamide 9.35 ml 9.38ml 5000
4 X LGB 6.25m! 6.25ml
4 X UGB 1.25mé
DDW 9.07ml 9.04m¢ 3.18mé
10 % APS 300 ul 300 ul 60 ul
TEMED 10wl 10wl 3 ul
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IR Ea

\]

RK-13 cell®] EHV-3 HE& #(A), HE 48412+ =(B) 28 HE 7
Az $(C)¢] 7ﬂerb a9 2-1e YElAT. JF 48ARH AlEH
T vEbES gRlstdar JF AR HE AlEdE v dojdE
AN o "Erﬂ nlo] &) 2= EHV-3 AZF(Georo strain)2} ™8 3}

ox

212

AxE Fste] violglA DNAE F=3 % PCR #HALE 338k

HV-1 ¥ EHV-4el+ S0l At 1#

I

iin)
_E‘
T
T
<
w
=2
r d

o
o,
9,
32
K
=

Swabholl Al vlol#] 2~ DNAE F33to] 10W|® serial dilutiong 3+ &
PCR AALS A3 A3 10744 =2 2918 = JAtHd 2-3).

3. AAdvw 3 #F

Equine herpesvirus A= 271¢] wlelej s A7 Rol Qe AEl7}

dEE o Ao 271= A7 °F 150~170 nme] ATHZH 2-4).

1o
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4. 4714
W E e EHV-3 7 23 (Georo strain)®] gG EAFEYol ozt 7] A
gd& a7 2-59] YERNATE 400709 G7]ol A ARFE EHV-3 334/74
strain@} 397707} X8} 99.25%¢] AEAS el
5. @@z 24 (SDS-PAGE)
A719% ZAyo|A = EHV-37} EHV-1Eth 2

<
T = =
S ATHE 2-6). T el EHV-3 AZFe] uvds 243 2

¥} 145 kD, 60 kD, 45 kD, 40 kDol A ©@# =& #2ekqn
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Fig. 2-1. Cytopathic effects by equine herpesvirus type 3.
A : Normal RK-13 cell. B : Day 2 after inoculation, C : Day 3

after inoculation.
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Fig. 2-2. PCR products of EHV-3 gG gene from RK-13 cell
inoculated with specimen. lane M: DNA ladder, Lane 1: EHV-3,
Lane 2: EHV-1, Lane 3:EHV-4.
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Fig. 2-3. PCR products of EHV-3 gG gene after serial dilution of
template DNA purified from field specimen. lane 1 to 5; dilution

rate of 10" to 10°
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100 mm

H¥=75kY
Direct Hag = €00006

Fig. 2-4. Transmission electron micrograph of EHV-3(Arrows).
The virus were stained with 2% potassium phosphotungstate

solution. Scale represents 100 nm. 60000X.
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Georo
334/74

Georo
334/74

Georo
334/74

Georo
334/74

Georo
334/74

Georo
334/74

Georo
334/74

Georo
334/74

Georo
334/74

Georo
334/74

Georo
334/74

Georo
334/74

Georo
334/74

Georo
334/74

1
1234

31
1204

61
1174

91
1144

121
1144

151
1084

181
1054

211
1024

241
994

271
964

301
934

331
904

361
874

391
844

CAATGAGGCCGATGAGGAGACACACTCCCA

30
1205

60
1175

90
1145

120
1115

150
1115

180
1085

210
1055

240
1025

270
965

300
935

330
905

360
875

390
845

400
835

Fig. 2-5. Comparison of the nucleotide sequences of gG gene from EHV-3
Georo strain with those of EHV-3 334/74 strain.
(Accession number AF081188).
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203 »

120 »
90 »

51.7 »

34.1 »

28 »

Fig. 2-6. SDS-PAGE of EHV-3 purified from RK-13 cell.
M: Molecular marker, Lane 1: EHV-1, Lane 2: EHV-3.
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EHV-12 & o]¢lo] ko], nhg-2 B 7oAk 25 EHV-92
A, arFo], F=E, @A B GaolME FHAT EHV-3= ¥, 3
of Wi =[HERHEYldATt AWE A 27 tH(Henning,

1946; Matumoto &, 1965; Bryans, 1969).
EHV-3+ =2 =5 5°l4d& 7FAa de=dl(Stiddert, 1996), Pascoe
5(1969)2 primary fetal equine Kkidney(EK) cell, equine embryo

il

U

2 dsw

oy

fibroblasts, fetal bovine kidney, calf testis, chicken embryo % rabbit
kidney cell#} pig kidney cell ¥ Hep 2 cell lineo] WA #g]3l n}o]
HAas A Ay AxRAdades o @ Fale ARt YERE
< R 1393l Kamada®t Studdert(1983)% & e Al ol A vF Al 32 H A
F97F dehgrha s
gy B AgeME EHV-3 #ldel Al RK-13 celldl A E S5

Sl AE BN Fol ATWARNE BAskglvlel Ao AFE F
Ao @sith O olfe ARG 2 T Aolm old Axrt
=gd Aor FAEG ¥ FUAE &717F w9 of L a17}ol 7]
wj ol o]e} e AR EHV-3 A7 BHut o AAHola &4 ]

Ig

RK-13 cellel Al 2§ vlo]8] =5 PCR AAMelAl &lg A3 EHV-3
T HEEY T EHV-1 ¥ EHV-4E AEFA @obA E3-3e EHV-1
S EHV-49F Faeh3 #lekqitt

RK-13 cellolAd &3 Alg=2 Axdvnd d4s & 23 A4
150~170 nm¥] herpesvirus YA F 717} 2ol g Ao] A= .
Hy EHV-10 2 FA4EE %£(1995h)2] A& oA herpesvirus Y AF7F
g Jh 2ol = A fxE o] F3lHh

L 4
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7 G = & Al Eed EHV-3 7|Z59 EHV-3
334/74 strain® 54L& 32137] 93] DNA sequencing 3+ A3} 99.25
%9 FEAes Hetdol AEd¥ol7E ddes & Ak

agla gwd BAS 93 d719%Eel EHV-37F EHV-1Rth 2 &
T M=s vegla = #85F EHV-3 AZF9 @ids F4%
A3} 145 kD, 60 kD, 45 kD 2 40 kKDoA =& #3233

Herpesviruse] enveloped] Q& T
strain ¥o]o] T a3 AA 7ol Ao Bl AEw) A
TH(Spear, 1993). Ye#de 52 9, 4E 2L Al
oS FAE G Age e B E s v
o= fAE7] Wit =5
e W A P E

=
g A= dastria Az

2R
r]I.
olo
1o
N
o
rot
I
=5
s
=
&)
@,
o
7
of
—_
o]
{o]
ol

_65_



=] 9] Thoroughbred whatollA WHsE Wz o] 491 wHlo]g] 29l
EHV-39] 545 9st7] fste] nvlole 2 wjGAxZ, dxdAn s AL
ol 22 DNA @714 E 9 nlolg 2~ dilds #4351t v 22 4

EHV-3%= RK-13 cellol A% S2A3FH 3 HE 48A1F o] AlxdA
olgtd o 72A17F Sol = vhElE = o] dEE

o

3. #3849 EHV-3 gG gene®l DNA $7]4<€-& EHV-3 334/74 strain
I AsAdS vadk A3k 99.25%7F A A5

4. FHAAAN G Aol EHV-3 dA7F 270 Bof Sl Zlo] #F
= A

5. %Wl & F< EHV-3 A=Fo duds
kD, 45 kD % 40 kDol A W=Z5 w2 )

A3k A3 145 kD, 60

i
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A 3 A

Equine herpesvirus type 3] t3 A HA&E&
ELISA /&
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EHV-3¢] &A1& 1968doloF Hl =4 A% A+=d (Girard &, 1968;
Bryans, 1968), o]l 3 npolefasd Al s =le] & 9]
AAAd GECsEE, 2004)00 2dE o A 27] witel slE FUe
Apeket A=TE AGR o)A @ Aol adER WelM uEys
FEA] 5F R 9gHQd 5SS geofsta Adde A% A 19y

o] AA7E &

EHV-3& olu] s oll= EHV-1o] U3 dF2FdAE o] &3 3t
A ELISAW, W9y deAy 9@ Hoaitkst g 4 A AHimmunoperoxidase
test) o8 kg A3} ofFyd wApwkgo] Aoy gFe=vhal kgl
(van de Moer 5, 1993). =3, EHV-3% EHV-1°l 5e]&<l F3}aA <}
WAREES HWolA] @Al equine herpesvirus T ol 7HE W=7 F24 8
o gAY fFHAASEZY thE  Alphaherpesvirus$t TR E T
(Bryans, 1969; Allen¥} Bryans, 1977, Studdert, 1996).

EHV-3 genome< EHV-1 genome¥ A% A&Aido] 2~5%20 Ao
2 PJrtEa dtH(Allen &, 1977). Aldta 4 DNA fingerprint AR €]
& EHV-3= EHV-4, 1, 2 3 59} st/ ko7l Yephes Aoz ®
1% 91 o (Studdert, 1981).

EHVel =u] &Ae] tisf A=, Bak(1981)¢] frAitel ejole] n)%d o

e e o ddeto] lg vl EHVe] 3 Fe= 1990 o
SHbe]l & FAbefolel A AAE e (£ 5, 19953, b, ¢), L F T At
gotoll A Z2ld mpol#l~E PCR 7| ol&3ste] EHV-13 EHV-4E
TS ATHGE T, 2001). ¢, EHV-3 e} 23 @A disiA =
AT ool Hak AT

Tzle] ek o AT 5 xRS sk A
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SRR LEL R

H, 2 dAFENS 5o FAHES
gk A A T o, AR HHE 3 A9l velgx FHYE F
sl est % tk(Gutekunst %5, 1978 Kobluk 5, 1995;
Knottenbelt®} Pascoe, 1997; Aiello 5, 1998; Reed®} Bayly, 1998;
Colahan %, 1999b). &3t X = HWo| &A= vlolg) A5 HAA
An|d oz HAE F d=d, o] WS vpolg 24 g FAgel 7H Al
Sotal &3 AFAARHolg s TH(Studdert, 1996; Colahan &,
1999a,b). A<l mpoly 2= H o] A WA FHHES o] &t &
g ded, derdom AW 7)o 87t &o]sta(Gibbs F, 1972)
o]zl DNAS A& fingerprinting(restriction  endonuclease
fingerprinting of the viral DNA)e| &3] XIdto] 7153} (Studdert,
1996) ol += PCR(Polymerase chain reaction)'§S Zltho] o] &3}l 9l
t}(Ehlers &, 1999; Dynon &, 2001; Kleiboeker®} Chapman, 2004; Seki
S, 2004).
PCR AAMH S &2 AIZE Yo So]EHo A 8 Jahikygolu f &
ol

of AlRE FAldl a7
]

=

A A A

HoZA st ELISAWWHS #2419 Hegde] 9o Holx 9 1l

AEel FHAA W ol ded, 7Ige] gaExE I3 F 7
ol s F4dd &tk

AdE oM giFEE dA4s A GrEe] Aol #ERE T (Pascoe,

1994; Higgins®} Wright, 1995). Z# =2 ELISAH 2] Eo]3tA 9]
HES 5319 EHV-1 (Dutta %, 1983; Yeargan %, 1985; van de Moer
5, 1993), EHV-2 (Dutta s, 1986; Fu &, 1986), EHV-4 (Crabb -7,
1991; Stokes &, 1991) % EHV-5(Agius &, 1994; Dunowska &, 2002)
of digh Xeke] st AFARrE Bausofrt. H, EHV3el digt &%
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II. A5 ¢ H

O
e

1. ELISA$ Virus &9 &4

Rabbit kindey cell line¢! RK-13 A7} ik HH FHAA wHE A

A% F Agge] vpolel 2 PEFa 243

OHT
w
3
(@
=2
x
Il:[o(l
Y
>

O % w X E Hrbskel vt thg CPEZF 80~90 %4 % e 7
AELE 70 Col oA W53 dsS wE3ta 8000xgol A 3083 €
AiElste]  pellete  AASAT a2 FSANE 3)5Eke] OhA
48,300xgoll Al 2A1F FoF AR E o] dojzl wloly~E ELISA &
do= AL

2. ELISA Plate

ELISA Plate (8 well strip flat-bottom microplates, Costar 2580,
US.A)9 ZF welld] 28 459 (50mM Carbonate pH 9.6, containing
0.02% sodium azide)©.& 3|43 nmlolglx FUS 100% HF3Fa 4
FZro A of 16/‘]@%"& gAste] FAAATE PBSE AAHE 7 well

F 05% BSAZF 3H+E PBS 200104 7hetar Ao A 30E%F A A5
D}. o] PBS® Al Azt A HxAA ELISAC] A3kt

3. ELISA
g4 & PBS-TZ 34 0}01 1002 72+ wellell 7Fslar Aol A 1

!
A 7rE¢F WES- At} 43] M2 % Horseradish peroxidase (HRP)7} %4
¥ goat anti-horse Ig G& ¥(1991)¢] WHUZ Az 2 AF&3e] 10040

_71_



A 7bekal 1A FEQE Aol Al Wk A FTE o] % 43] AF St WAA
ABTSE 1002 7Fstth. 3041+ @A mkg-o] Xy 100402 0.005%
sodium azide & X5 ¥o] W& HA A7 FA| readers ©| &3}
9 405 nmel A Y FFEE SAHSAT. olwl 492 nmol A FFAE
iz sgow ittt

SAME] 24 ol g A7 1078 ddEtdth ddEvES
AR, A7 o] gla A ur obd & A4, A7 dFTE 2L o9
4 (white spot)e]l 1= & AA, EAo]PEA 7 B5F AE @ AF 9wt
45 tde= 1yt o5 FAFE F 5 (duplicate) S48t 3
TS etal P gel A 3wE oE S cut-off value® A
3ttt
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Fig. 3-1. Confirmation of optimum amount of antigen coated on

ELISA plate.
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Fig. 3-2. Confirmation of optimum serum dilution for ELISA.
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3. 24 HEAY 34 =4

%4 AFA (Enz-Conjugate)®] #4 845522 7] 9shel, Aws A
@ thool ELISAE AA% A%t 29 3-30) Uehach 84623
whge] kAl 1000W 34 uEAA veta gowl, A9 signal

E=Eetr] flal 5000 M A9 st
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Fig. 3-3. Confirmation of optimum - enzyme-conjugate dilution for

ELISA.
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4. FAFE A

EHV-3el 9|3t 4ot @A7tel #AE dotir] flate 14475
Hd o2 ELISAE o83t FALFEES AR 3-1). 9354
o] Gl whdol Ao FAFEQ MAE 43F = 59.7 %(43/72)% vHERY
Aom A 42 MAE 2972 402 %(29/72)F YERNAT 4T

ol Al w2 139 %(10/72) L 14543 ODFe] =
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Table 3-1. Comparison of clinical sign and ELISA OD value

Clinical sign
Positive Negative  Subtotal(%5)

Positive 43 10 53(36.8)
ELISA Negative 29 62 91(63.2)
Subtotal 72 72 144(100)

(%) (50) (50)
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5. A Mol FA}

EHV-39] w%¥ A2t EfgolAo el gadolE Toturs]
stel 944 UehiE 1279 AGEH 0 ERTkAN Y FA 7

|
2 xAstg (a9 3-5). BE HSolA Rokwo] 3| 7hrt
1

Hol Aobre] el weE SoldA o7t les AAE 4 AT
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OD 405 & 495 nm

Symbol of Horses

ODAM ®BSUCKLING |

Fig. 3-5. Antibody titer against EHV-3 in dam and her suckling.
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7170e ol y] 9dke] 1959 A4
WA 7|9 Y 493 5490 13
FA7ME SASATHE 3-6).
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Fig. 3-6. Antibody titer against EHV-3 checked on APR/MAY and
NOV in affected horses.
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7. A5&2 2 A Anle] 9424 PCR 2 ELISA A%

wWufol] 23 Mmoo wmel A Qi uk(HM i W X Hup)e] oA
AL, PCR #AF 9 ELISA HAMERE % 3-20 Yel AT SHanpaLg]
A F 2ol A] PCRY A3t ELISA Z¥b= mlgstinh. Wzk AEw 2
A= ATl Sxwiabsl o] A4y} vlaste] As Al A 7=
bk, @, A A EEE ARSI S W St 2

271 %)
oA wpoleizrt AEHYo, FAE S0 ey

W
%0

ot
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Table 3-2. ECE clinical signs, PCR result and ELISA titers in male

horses
Clinical PCR ELISA"

Males — ions’  EHV-1 EHV-4 EHV-3 (APR~MAY) (NOV)
KS 1 +++ - - ++++ ++++ +++
KS 1 +++ - - +++ ++ -
PS I ++++ ++++ +++
PS 11 ++++ +++ ++

TS - + - -

KS= Korea Racing Association stallion, PS= Private stud stallion,
TS=teaser.

*Clinical sign (—: negative, +: mild, ++ moderate, +++: severe, ++++:
very severe)

t PCR (-: negative, +: mild bright, ++: moderate bright, +++ very
bright, very very bright)

ITELISA(OD value) (- <0.334, +:0.334 ~0.400 ++:>0.400, +++: >0.600,
++++1 >0.800)
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Table 3-3. ECE clinical signs, PCR result and ELISA titers in
broodmares
Clinical P C R(APR~MAY) ELISA
Broodmares o ¢ EHV-1 EHV-4 EHV-3 (APR~MAY)  (NOV)
1 ++ - - ++ - -
2 ++++ - - ++++ -
3 +++ +++ +++
4 ++ ++ ++ -
6 ++ ++ - -
7 ++ +++ ++
8 ++ ++ - -
9 ++ +++ - +
11 ++ +++ ++
12 ++ ++ +++
13 ++ ++ - ++
14 ++ ++ +++
15 +++ ++ -
24 +++ ++ +++
25 ++ ++ -
26 it +F 4+ + ++
27 ++ - - ++ ++
28 ++++ ++ ++ ++
29 ++++ - - ++++ -
30 - - - -
31 + = -
32 T -
33 T - - -
34 T - -
35 o - - -
36 ++ - - - - -
37 o - - - -
33 T - - -
39 T - - - - -
40 ++ - ++++
41 + =
49 +++ - - - ++ -
43 -
44 - - -
45 -
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*Clinical sign (-: negative, +: mild, ++: moderate, +++: severe, ++++:
very severe)

t PCR (-: negative, +: mild bright, ++ moderate bright, +++ very
bright, very very bright)

TTELISA(OD value) (- <0.334, +:0.334 ~0.400 ++:>0.400, +++: >0.600,
++++1 >0.800)
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9. PCR #A+¢ ELISA OD value H| 2t

PCR 7AAF¢} ELISA OD valueE Hvlusdlo] t}oz

AH(E 3-4). PCRY B2 H =+ ELISAOH/HE <

rd
EI

o,
o
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Table 3-4. Comparison of PCR and ELISA OD value

PCR
Positive Negative  Subtotal(%)
Positive 13 2 15(48.4)
ELISA Negative 7 9 16(51.6)
Subtotal 20 11 31(100)
(%) (64.5) (35.5)
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Zo] tpget Ausid FEFTe 434 AEA L Bk of
Trypanosoma  equiperdum®| 93+ G99 (dourine)® Al A&k
Escherichia coli, Klebsiella pneumoniae, Pseudomonas aeruginosa,
Streptococcus zooepidemicus 95 2 Taylorella quigenitallium®l] <]
3l HE=A D 2F 9 (Contagious Equine Metritis)S £ v} Hpo] 8] A4
A F 0 2= equine arteritis virusoll o3 wWulolyAAFwA g1
lentivirusell ¢t ddddRde] ltk(Blanchard &, 1992; Rose <&,
1993; Kobluk &, 1995; Siegal &, 1997).

DA AduId el YelA ¢l lentivirusE Kobayashiol ¢]3te] 19619
g 5%l oem (Kobayashi, 1961a, b, c¢; Kobayashi®} Kono, 1967), EHV-3
1968\ ol oF H] 24 Q¥ A tH(Girard 5, 1968; Bryans, 1968). =] 9]
T HYFA AdH(FE 2004)00 ESE O QA 7] wiEo] o]

L

= Hag Aad shde] B

s

2
o
9
-
[

.

EHV-3 SolgA1% fis 24 ¢A9 432 AZshs 4942 1y
2 A gstel AHEAL 2AF v gdel w2 A WES Aus)
of Fel7h folcha werE el

14~2140l FA77F Hauze] datgon BAAEgNSE 609 o Foll=
F4o2 YEhgta sl v, FaEAvE AL 1493t AT

shie.
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Te Bl A9E 11 #FHAE, o] AE Wz A FAdo 1
Zof FabA] kokd o] & Al7le] M Aow FAHEC

A 8kA| o] 3 2 | & uj, Bagust % (1975)9l 94’3}@, T °]
Mol AAolx] dAo s EHV-30] g A7 HE5A ko
Zf o]FolE mAold A7 YEY oF 4~67]1€ é =i
Ak I 1~24 7bEEe] ol wo M) FA YAHES o} 24 o]

£

1~ 2
of Z7tel wet A FAEEZ T7e 84 wolE HuxE B
olm 526%7t4 9] FAES EHHATAL st o, o] EHV-39 7ol
T2 wujel] oS BT dn & 5 9l
Hhol el 2= 7k (titer of virus)= UREHo® AW 7)o THAF-9 el A
AHAsAE B¢ mW$ = (Scott¥ Miller, 2003). EHV-3¢l 3t F3}a
Aol FdL wnld e T(RARhA F2 YefuEdl, ol 7d e o
wol wujgel A 75 T3 Aum FFEHGibbs &, 1972).
FHARFD B AR AL PCR AR B ELISA I ARE 7)o
A A719% MEe] gy)e} ELISA OD#k wdstgda Jads4del A3
o] ELISA OD#t% Eokth 18]a dd3F7de] fle Algntel HAbolA]
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g3 mvbe] FAbe ot Peie] FAtE e FrE mA
A7t BgAsA oy W ARAAGAY Fobo FEAG G F74
CES

WA R 64E T AN A5 Fo] 3% Atk ol 17
ARAA b FAL FAFA @RS W ADHAT 1 F A
A Gt Fkedt BE FEAY Tk

719 AdolA Wstd Aoz Azber

PCR 74t} ELISA OD value® Hwstgls W 9= 650 %S U}
Egln Solmi 818 %E Rtk ol YTl wAH o S
b AEWA vhele 2t WEE F PCR AAE S8 WRom Wl
A vhelel g AAsE A7 vlele sk B e ARG o] BF
of FA7F FAFE A9l Aolw sl viebd Avbebm Az

QRAAE vlolel 2 29 g Wy] Askel AFFHOR WilF o F

=T

H & A WH(Varner %, 1991), 258 Thoroughbred %9 7 -$+= At
AEE] A9 g &4 ZAuaje gk Polx it} F 5=
o] ¢e1go]l ¥ 7] W&ol (Romanet, 2005) Sl¥&FHe A& our}

Lol AQuiE Fato] olTolAe F43Y F oy

Voss, 1993) 273743 E538t7] gk 24 A5 Lzt A
S Afe AR EAS 8cle] H Fx vl YRR B AT
A AAE ELISA Jgye o

EHV-39] A7} ZAbe] B2 *=

.
A AEAY AL A% FHH AT aTA,
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