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Seroprevalence of equine herpesvirus, equine influenza virus and

Streptococcus equi subspecies equi in Jeju

Jong-Chul Ha', Hyoung-Seok Yangl, Jin-A Ko, Changnam Park’,
Si-Taek Kim', Du-Sik Lee’, Won-Geun Son’*

Jqu Self~-Governing Provincial Veterinary Research Institute, Jeju 63344, Korea

(Received 29 March 2020; revised 18 June 2020; accepted 18 June 2020)

The aim of the study was to investigate the seroprevalence of equine herpesvirus type 1 (EHV-1) and
type 4 (EHV-4), equine influenza virus (EIV), and Streptococcus (S.) equi subspecies equi in the horse
population of Jeju. Serum samples were taken from 71 horses, regularly vaccinated with EHV-1 and
strangles twice (April and November) a year. In April 2014, seropositive rates of EHV-1 and strangles
were 24.5% and 84.5%, while in November, were 26.8% and 62.0%, respectively. A total of 1,144 se-
rum samples, including Jeju native horses, Halla horses, and Thoroughbred horses were collected from
slaughter house for 4 years (2014 to 2017) and it is unclear the animals were vaccinated or not. The
seropositive rates in Jeju was 21.9% (250/1,144) for EHV-1, 96.4% (1,103/1,144) for EHV-4, 14.6%
(129/882) for EIV, and 79.3% (879/1,108) for strangles. The seropositive rate was the highest in
Thoroughbred, but lowest in Hala horse.
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o], EHV-1, EHV-3 2 EHV-4, 37}A] typeo] & &
of #ofgtch(Vail, 1993). EHV-12 &&7] A, FA
4k, Zb "Hiojd ©obx] 9] HAL 7HES 52 €27
o EHV-4i= = 35&7] Ago] #ofstal i rk(Jackson
T} Kendrick, 1971; Matsumura 5, 1993). EHV-3-2 H|
w7 TS U EA A MAZHCE T A
Joll AAH &4 F1 Qe AR dA Qloh
El= Orthomyxoviridaeo]] <£3dl= RNA H}o]HAQ]
EIV Zrdol ofsto] Agsh= o] 54 28714 &
gto g Iy, 713 9 H|R&E EAk= d¥o|th EIV
= T2 ATt 1 o]5Al FAEAY HutE|o]
4 9 50 S8 oy} ofAlok Yt A&
EAA H3L JTKOIE, 2016). EIVE F 7FA]9] sub-
typeo] EAStaL Uct. st 1980dH o] = &
B 3117} Q= equine-1 (Al, HIN7)Z} 1963 A HIilo|&
AAZIA] LS U= equine-2 (A2, HINS)ZL Tt
19908 = F-AA; 2404 H3NS subtype>
oA x}o]E UEFHE= European (A/equine/Suffolk/89)
HABT} American (A/equine/Newmarket/1/93) AEZE &
S5 3 Qlth(Boliar 5, 2006).

Lo MdA 587 AR Streptococcus (S.) equi
subspecies (subsp.) equiZ} FAUA|Ql AHo] Q> &£Q
Stth(Kang¥} Son, 2006). A1 9] US4 UL, 4
237, 38, 545 Yxao 54, S8 dof U o
FEgndel Toigh Sqo] SHHol. Hote A
AAR R BT 9 24 T b
#7140z $4ET 3 x
A7) Qo AR IZL e We oprh

2R WAHFOl BE A7 FYE 2AS 9
sfof o 7Mo% EHV-1 B HF WA BES
284 9 109) AAISHE AT} AFgE A 2014
|49 9 1o 7159 Bo4e 22 At
(Table 1). EZulol4 2] FA) FHE ZAE Slstol
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Table 1. Seroprevalence of equine herpesvirus type 1 (EHV-1),
type 4 (EHV-4) and strangles of 71 Jeju native mares at April 2014
and November 2014

No. of sero-positive horses (%)

Diseases

April 2014 November 2014
EHV-1 20(28.2) 19 (26.8)
EHV-4 71 (100) 71 (100)
Strangles 60 (84.5) 44 (62.0)

20141855 20174 Apolo] AFA| S w&go] Z5tE
% 114452 & BN 23 3HHTH(Table 2).

gk

e 2wy
AFE GHL 4°Co|A HIT  12~48A7Hio]
2,000 rpm, 103&7F G4 HAIF FSAS 96 deep
well (Corning®, USA)ol| £33510] AAF A7FA] —20°C
Yaao] BEet & A aAHYESA H(enzyme-
linked immunosorbent assay; ELISAYS A A5} T}
EHV= EHVI1I/EHV4-Ab ELISA kit (SVANOVA,
Sweden), EIV= Influenza A Ab Test (IDEXX, USA), 41
92 ID Screen® Streptococeus equi indirect kit (IDVET,
France)E ©]-&5l3ith e AEL ARAY Ao
w2t AAISHL B 7E] et A A B A
=782 A4t

2

UHAl ZHZ(EHV-1 ¥ Md) B2o| sh| SHE

EHV-1, EHV-4 4 Aol digt A FdFr=
201449 490 ZH7F 205(28.2%), 7T15(100%) = 60
T(84.5%), 11Y€ol= 195(26.8%), 715(100%) = 44
(62.0%)2 YEFJ QU THTable 1). EHV-19] 7j4E &
A FE WIS B4 ZaoAe 71F T 15%
(21.1%)7} 2342 2 11¥) A& A S B,
23] HAF 5 240 A7 4357(60.6%)= itk
£ AX AT A9 AL T15F F 4057(54.9%)7} 2
3] 2% A FE UERATE 490l A A &
AR AAZE 119 AAIA S4o2 AP 7RAI7F
205(28.2%) AT}

ook
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Table 2. The annual seroprevalence of equine herpesvirus type 1 (EHV-1) and type 4 (EHV-4), equine influenza (EIV) and strangles in

slaughtered horses for the period 2014~2017

No. of seropositive horses / No. of tested horses (%)

Diseases Breed
2014 2015 2016 2017 Total
EHV-1 JH 2/20 (10.0) 3/25 (12.0) 4/34 (11.8) 17/41 (41.5) 26/120 (21.6)
HH 8/140 (5.7) 16/240 (6.7) 11/166 (0.6) 41/103 (39.8) 76/649 (11.7)
TH 7/34 (20.6) 30/97 (30.9) 45/126 (35.7) 66/118 (55.9) 148/375 (39.5)
Total 17/194 (8.8) 49/362 (13.5) 60/326 (18.4) 124/262 (47.3) 250/1,144 (21.9)
EHV-4 JH 18/20 (90.0) 24/25 (96.0) 34/34 (100) 41/41 (100) 117/120 (97.5)
HH 120/140 (85.7) 231/240 (96.3) 164/166 (97.8) 103/103 (100) 618/649 (95.2)
TH 29/34 (85.3) 97/97 (100) 124/126 (98.4) 118/118 (100) 368/375 (98.1)
Total 167/194 (86.1) 352/362 (97.2) 322/326 (98.8) 262/262 (100) 1,103/1,144 (96.4)
EIV JH 1/20 (5.0) 0/25 (0.0) 8/34 (23.5) NT 9/79 (11.4)
HH 5/140 (3.6) 8/240 (3.3) 34/166 (20.5) NT 47/546 (8.6)
TH 12/34 (35.3) 15/97 (15.5) 46/126 (36.5) NT 73/257 (28.4)
Total 18/194 (9.3) 23/362 (6.4) 88/326 (27.0) NT 129/882 (14.6)
Strangles JH 16/20 (80.0) 20/25 (80.0) 29/34 (85.3) 33/36 (91.7) 98/115 (85.2)
HH 104/140 (74.3) 151/235 (64.3) 119/166 (71.7) 83/95 (87.4) 457/636 (71.9)
TH 29/34 (85.3) 81/92 (88.0) 115/126 (91.3) 99/105 (94.3) 324/357 (90.7)
Total 149/194 (76.8) 252/352 (76.8) 263/326 (80.7) 215/236 (91.1) 879/1,108 (79.3)

JH, Jeju native horse; HH, Halla horse; TH, Thoroughbred horse; NT, not tested; Halla horses are defined as a crossbreed between Jeju native

horses and Thoroughbred horses.
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Fig. 1. Seasonal difference of seroprevalence for equine herpesvirus
type 1 in a total of 1,144 Thoroughbred (TH), Halla (HH) and Jeju na-
tive horses (JH).

EHVe| g YEE

HWATAA] o F 7} EEuE R
EHV, EIV 4 A9tof| gt A FHEZ 2ASH
o} TS50k 1,14459] FHoflA EHV-19] gk A
HO oBE AR A3 21.9% (2505/1,1445)0) A
TA7E AEEH UK (Table 2). F5EE & W FA| &
AEZ T B2 Fo| 7HF =oF 39.5% (148F/3755)
gou, AFuts 21.6% (265/1205), St 11.7%
(765/6495) <=0]3ltt. A FAHES EFol TAY
o] AL} Z4E =ohslor 201449 194% F 175
(8.8%), 20154 3625 & 49%(13.5%), 2016\ 345%
Z 645(18.4%), 2017¢] 2705 & 128%(47.3%)7}
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Fig. 2. Sex difference of seroprevalence for equine herpesvirus type
1 in 375 Thoroughbred horses.

A FE< HEH I

AZE EHV-1 A FHES HHEE T2 8%
o] EH0f| 43.6%, 7+ 37.3%, BF 359% 4 ALHL
31.8%%Th SHetuto s o234 203%, 7HSE 9.2%,
BH 56% 9 ALH 45%Jch A= ALF
50.0%, 9234 322%, 7FSE 15.9% D B3 6.7%=
e th(Fig. 1). 2Bl D] AEE EHV-1 A
FHES Y75 FE5t ZASHT 52
IAE UEd & HA Factes 4TS EAAT &
A FHEZ A 1holl 2 Aol7F AT (Fig. 2).

HAS AAISHA] b= AFAIY TollA EHV-49]
! A FA FHEL 96.4% (1,1035/1,144F)%
o} dAxd 34 FAHEL 20149 86.1% (1675/194

ro
o,

Korean J Vet Serv, 2020, Vol. 43, No. 2



62 EERCE

ol
2
1%

. TXIOf - HERRS

), 20159 97.2% (3525/362%5), 2016 98.8% (322
T/3265%)8 HYom 2017dE 100.0% (2625/262
F)%tH(Table 2). ESHEE BE £330 HAZE =
A vebgtem T Bl Hol 98.1% (3685/3755), Al
20} 97.5% (1175%/1205) 2 3Fat 95.2% (6185649

) &ol A

EIve| &3 FHE

EIVO] A 3 FAEL 14.6% (129588252 L+
EPyTh(Table 2). 2L 20149 9.3% (185/1945F),
20154 6.4% (235/3625F), 2016W 27.0% (88%/3265)
7F A Foldtt. FEHEE AMEE o Az
Alglo] BBl Fo| 7PF =2 28.4% (735F/257%F),
ATt o2 w91 11.4% (95/79%), et 7H8
22 8.6% (4754652 YR A-E EIV A
FREL BH o5H vloto] 7R ALHo F
7Vl Ao g UehgthFig 3). 224 A FHEL
HZH B2 o] 20.0%°4 40.9%F 3L, I} 3.1%0]
A 22.7% Aro] Rt

Mo
Ol by

47| LEE

AFAG oA A WAL sEE7] (10~ 1)l
18] JFot= Aoz & ) 1,108%F9] =1t
A F 8795FNA A Fol UER 79.3%9] F3
E2 H3tH(Table 2). A=E A9 A P2 2014
Y 1945 F 149%(76.8%), 20159 352%F & 252%
(76.8%), 20161 3265 & 2635(80.7%), 2017¢ 2365
% 213FOL1%)ZA vlefstA 7ottt E5EE
L ggBg "ol 90.7% (3245/357%), AlFul 85.2%
(985/115%) & sHajul 71.9% (4575/6365%) <20]9)

100 -

@ @
S 3

Seroprevalence(%)

~
S

Spring Summer Fall Winter
SEASON

Fig. 3. Seasonal difference of seroprevalence for equine influenza in
a total of 882 Thoroughbred (TH), Halla (HH) and Jeju native horses
(JH).
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2 55A 3L &
4= HEtleH, A« Aol ofet e 3 &
o)

e JERIA 9ITHFig. 4).

a1 @
Ak, 5%, AE, A9 59 ofe] Uefel4 =
AR EHV-1 9 BHV-49] 9 FHBLS A7 8~
85.5% 2 95~100% Alo]|2 HI1E|11 QItH(Ataseven 5,
2009; Avci =, 2018; Crabbd} Studdert, 1993; Gilkerson
5, 1999; Keane 5, 1998; Nordengrahn 5, 1999; Singh
5, 1999). =W AR5l T EHV-1 JA| THES
1995d0f] SIAIAHZ ol-§sto] HxgE AU
I A3 AeAY ol FA| FHEZ 90.3%, AlFA
FZ 603%°] FA FHEZ HEHAHCho 5,
1995). oFQ] ¥ 20019 A|FA A TofAf A
EHV-1 3 EHV-49] Z¢lo] ERIXUth(Moon T,
2001). 7L o] F-7E AFA Y TAioA= EHV #4l
o] NPT YAl ALY UoloR B S
ol EHV-1 9412 dejng Qang oz A
Welo] Stk o ATolME WAAA olBst By
ek AFAY F 114450 £50 B0 A EHV-1
FA PIELS 21.9%Ak WA YF o7t BB
AP FE9] e EEl F2 AT Aol
FAE RS S5kl JAIRRE did o= 27id 7HA o
& WAS AAISHE A Blste] JA| FAHEC] o
A YerET 53] mis] A7 28 EHV-1 94l
23](49 9 109) FET AoE AR AlFuto]
ot FA| FAHE RAIAE 20149 49 2 1Y HF
30%5 9A LA WA EHV-1 A9 HaE, A
S 5= 2ot A AHEAHE AR F
871 At} sjollA ARE-Sh= EHV-1 ¥4l =274

b

4 o
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Fig. 4. Distribution for strangles antibody titer in 1,108 Thoroughbred
horse (TH), Halla (HH) and Jeju native horse (JH).
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< dutA o= o7l o] AT Tl 1FE(2
ml)2 IS Yobx|9 A§- ol F 3~4F
HA0 2 23] HFESHL o7ld F B HES AAIRE
= Md PSS S dAvk=E 94105 7, 9
Mol 247+ HEqtt. 7 AtollA EHV-19] A &
HAES 57 FAE EAoy diFEE 50% o]stitt.
w2ba] EHV-19] o3t AWS aistr] siAe <
Alap 9t ofue} iobx|of thsfA e WAl HES 1
dYstojof & Ao = HIth AAE EHV-1 A ¢4
E2 B F9 AL o FF0 HloiA dA=
=A UEd oS80 7MY =2 43.6%%U L, 1 9] Al
Aol A= 35% HZGI}. o]of Hlsto] qhEtute] A
FREZ 954 203%AUL, 1 2 A& = 10% °]
st2 UEhy A E] 7H Rokh AlSuke &
gt Hohes A FHEC] =4 UEReY HANE
S7F WA oot At IAIE B AT A
AtH(Fig. 1). BB o] AAE EHV-1 A T4
E= YFE FESH] 246kt o5& A
£ UEd & 3 HFAshs AEFS AN A &
AEZ A 7toll 2 Ao]7t §1SItH(Fig. 2). EHV-4 H}
olg|AE ARSQl BBl ToflA 2015E ol A
Hzz 2o SYHOH EHV4 @/INBS 71E
a4 QAUE GenBank No. M261713}9] 52 4J0]
99.8%, ofu|iAl B0l 99.5%ety HIE ok
(Choi 5, 2015). T=H{olA] EHV-49A1S AA|SHA] ¢k
I JZoN%= EHV-4 FAHAETL FA 1,103F
(96.4%)0ll A V& Hol AYPAHLE EHV-A4 T
o] o] Y& ALE Ho] Xt} wtA F
oA A g HiolE A EHE 9 §4
A B 59 F7F A9 B/ Y AR AlmET

=Wl EIV #4l JF A2 Bt = ST
A7petaA sk Ay TE2 EIV B4 HE SHA
7} =] ofof gttt URbA o2 HFutE AdE 24
FE wAilo] JFHIL o, 50t AgE ol%
o= o7l 7tF o= H7AQ1 WAl HEZ AAIsHaL
U ERF hmupARSlol A BEStL e ATt
HPTE AfHoR OE YRR WA 45E o
HA3] AN gloh, S4ute] Fgol WAl A
Fo] 79| o]zojxx gku Qe Aotk EIV w4l
2 2005 EEE 2008 Z7FA]= 2Z9] H3NS subtype
I} 159 HIN7 subtype H}o|#{ A7} ESHE Calvenza
EIV EZ3lAlS ARGl SHAIRE 2008 ® 7€
25URE dA7IA= 259 H3NS subtype? HAES
Canarypox vector system©]] A|Z3}3t ProteqFlu ¥ A1-&

i

O|
i

S %
o &

]

AFESEIL Qltt. 2010 =W EIVe] tigh E2ehd o
THEIO] OstH A=l FA FAHES H3, HT
subtypeol] thato] Z+Z: 23.7%, 33.6%= UERGTH T
ASESTE Y B2 AFAGe] AHS- H3 A
162%, H7 A 13.2%2 ] I 44 FHES

it o= AFE& AFut geERl Aod d
S4AmEe] AxgE A FEECNA 7IUE AR
H =] QItH(Choi &, 2010). AH|Ql QFFFAJoLA[ A
ARSEE ol s EIV ZAIAANE AR 23t 9
AS AAISHA] 29k=ol H3N8 FA|7F 51.9% e}
Sl HIN7 A= UehA] eigtohal B aE]of Qlok
(Jurado-Tarifa 5, 2018). o] HAFNA= 882%F =
1295(14.6%)°l 4] EIV 9FAJo] &elxlo] 2010 Choi
5(2010)°] Hgt Ad}f BlSHA W2 A FHS
Hlok AEE EIV A FHES BET o5
H|gto] 723 ALHo| F7toke AR Uyt
(Fig. 3). 258 A FHES HHEZ Lol 20.0%
oA 40.9%=A4 AR EA YEoH, ekt
3.1%91A4 22.7% Atol2A 71 itk AFgoz
FEEUS 2o Hol= t{2EI Y AL 4FH(6~
8¥) Agd(12~2¢¥)°] &3 7120l Hlst] A
FgEC] A UEht 23] AAots WAl JFA
7FsAE e A0E HolhEEEa L fHo]
7V =2 A FEE(284%)E YEHUSlH e &
ol H|gto] Bl FEHOE WAilo] HFEIL 3
£ Zo= Holxgt FA| FHEC] Aol TA GOl
A YE T A2 12 JE F FA 2AF §lo] 6
NE HEog WAS AAsHL s AR LT
A P50l FEEA Ao 7Hs/dol Ut whahA
NAE AFTe] 228 vpAsto] WAl JE A

o

©

WAL mRYBRFTA AGPRL |ZNNL 5~
N A Tol 23] WEY b 4-6F Aol

)
2
il
rlo
=3
r>~
o
of
0,
N
>,
>,
A
kl
)
rlr
(=}
(o]
o
Hu
e

£ o 23] AE FA Yol
Aol B P 25T Bayol U Ao
2 melr,

A WAL XA g ol Ao A
FAE0] 9.5%T+1L B 1 E I H(Tirosh-Levy 5, 2016).
Ao W et AFot Bl B3t WA B
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o|3hg-S AR A¥} 77 3.6% 9 62%AThHs Hil
(Piche, 1984)7} Ul om w|=9] Fu} F7F] A%
= HARE2 2.6%ATHSweeney 5, 1987). o]l A
Aol gt d7EIE= WA ¢foy Kang® Son
(2006)°] 2006 Ao = AlF=o A EAYTE Aol Y
Qletg HAsH3Ieh ERE, Moon 5(2015) A o] 2
d HHES ToA oliteteay S equid w7
5% v Qloh & Lee 5(2017)2 AFAY TS
ez Aol dist E3sH HAE AAISHIT
I 2 A FHES LT olste] ForAo A=
9.8%E HEFHAL, 14] o]Fe] TolM= 97.5%e B
ATh(Lee &, 2017). o|¥ AFoA= 1,108F 5 879
F(193%)P1A A FA7E FHer SRl
F3°] BARIl AT &2 BA FHEE(T1.6-91.1%)
< Btk oA A9 wi4le shE7](10~119)9]
18] AAshe Aoz A o & dTelMe
mis g71Hez A9 WilE 234 % 109) HF
S AlFoh ARsE] FANAIS] B 20144 4
2R deo] gAskd O Ay 4€oe
84.5%A% A FEO] 11€9= 62.0%= F4st
At TS 4o 2401 AAAZE 1] FHo=
A FFe 5.6%=2 WA YeEbHoh oF2E 2~67
g Afelo] Tgopxo] 18] YIRS W 9F
(10.3%)%to] A7} P Ao & uwf WAlo] ot
FA BEECl A HERt 0 E Bk & A9
A ARERE Adto] tigt JAl F/dES ELISA HA
°] OD ol meh 24, ot 4, S I, T
X, Wi A FEY 5 AR v, w3
T B orFdS AuiT. F5E Add &
A7ke 2 5004 X IS HEHSILeH,
At Fgel ot mie- Aot Fde HEhA ok
Ch(Fig. 4). o]= AR&3E @0l AHe HEE &
SollA et Ao] opyet HiFE Bl A7t A
AA E=Futel A AFSE 2ol fegor Hotd. o
A FF AY oY g0 e v E4T 2
270l & Aor AtrEnh Fuof ARESEAL =
Ao WA T2 25 HHoR 33 I FA
= mid 13814 2SS, YotAle 37HE gl
35 A, dAlvks 29 254 13 HE3S APtk
£ Aaskal Qlok & ATl Aol digt A=
v WA EA e ot 2~670Y Aol 2] Tropx]of 4]
A 2RE FA olFEAS TFsol W2 Aor
HAow, dx Algstal Qe 18] B HFe= &
A7t FPer Aed 7FeAE 53] FAt vE 4
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ol WAl HFo] A9 nyIAE X Aok
A= o 13 HEo] FA GolAoA HEsHe Wy
= =5¢ Ea4ol ot

T At eh A TS LR FAVE Ak
F8 A9 o A% WA A2 BE SA
QoA W2z o7 o]Ro]AMo} 3}, Yo7 A&ZH

AAR 54 Bel7} oj2ojd %

2 £
A% AW % 287 DY) T B 9
st} 8 AAAQA EHV, EIV @ AdFo] e B
Hoa AAE BAET 371808 BHV-1 € Al
o Wi 28)4d L 119) WA AT Byl

T IS WEoR A FHES AR A 2014
Y 4Y0o]= EHV-1 282% I A9 84.5%, 11Y€o]=
EHV-1 26.8% % A9 62.0%Z Uelfjo] wAlo) o5t
FA FHEY S7P7F vlESHA Yerstth T 1,144
T oro]l tigt EHV-1 A FA A= 2505%(21.9%),
EHV-4 84 %A A= 1,1035(96.4%)4 . EIV 3
A ¥ WA= F 8825FNA 12957(14.6%) et A H
of dist FA ¥ A= F 1,108F0A 879%F
(793%)2 UeRth HeBd Fo| g 2 A
FAAES eI et 7P 9o A FA

£ el
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