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Rabies is a zoonotic disease that is caused by rabies
virus and transmitted only in mammals. Domestic dogs
are the most common reservoir of the virus, which is
associated with more than 99% human deaths caused by
dog-mediated rabies in the world. Rabies is one of the
most fatal diseases, but it is fully preventable in animals
by vaccination. Serological test of rabies virus antibody
for samples collected from dogs and cats in Seoul during
2017-2019 was carried out in this study. To investigate
antibody seroprevalence of rabies virus for dogs and
cats, 2,769 serum samples were taken from 2,408 dogs
and 361 cats in various regions of Seoul during 2017-
2019. Antibodies to rabies virus were detected by an in-
direct ELISA. Of 2,769 tested animal sera, 934 (33.7%)
were positive; 886 (36.8%) of 2408 dogs and 48 (13.3%)
of 361 cats. Of 990 companion animals, 547 (55.3%)
was positive and 387 (21.8%) of 1779 stray animals was
positive. These results indicate that antibody seropreval-
ence to rabies virus is still not enough to prevent rabies
and rabies vaccination is required to enhance the antibody
seroprevalence for rabies. To improve the situation, much
public awareness and policy is needed to prevent the
rabies. In addition, reducing stray animals and keeping
companion animals from contact with wild animals are
indispensable for the prevention of rabies.

Key words: seroprevalence, rabies virus, antibody, dogs,
cats, Seoul

Introduction

*Corresponding author: Beom Jun Lee

o] 7FIdH-e Frolgt st 1, 2]. Rhabdoviridae Iy-
ssavirus & RNA HFo|g| A7} ¥olAo]H, 4719 strain©]
HuEo] Qlu, 2 AR, M4, 74t FrA| 5o
Al SARICH1]. AFolA Z2ixl B4 voldA F 7}
F =& AEE UEUH, Sa5E AlYstal J 5
A= Uetll= 3 &A= tRE AFERT3, 4] A Al
AXo=z | 59,0007 9] Atgte] FAY FAHLE ARG
SHL, 71 % oF 9% ofAlolst ohmalztelx Hgsky
AT, 6]. FAELZ FUHoA= AT 7ISHAAEeRE
EFEL oHIIEAGHATH A2x), AAsEEA
7]5+(World Organisation for Animal Health, OIE)oj|A]+=
A3 9% o Hajol Belskn YekT

BAge] ARARE gy 29 52 Ao 2
Eo] Sl= HolgAYt EYAY S HAHE S5 Al
2 dsto] T, 94 717 FAEVE AA S5:4

=

Al
=2
>

n
il
X,
i’
=
(i,

o
R
30 -
o
oo
e
l-'lI.
i)
)
e

_H
o
i)
e
S
oo
i,
=
ek
Ir
o]
HN
X
L
rE
o)
&
QOO
st
gl
1o 2% (o oft

9 Sl Algo] ofUjeh, WA WAl HFo] ©
3 W 94§ Lokny] A% FAolTHS). AA

College of Veterinary Medicine and Research Institute of Veterinary Medicine, Chungbuk National University, Cheongju 28644, Korea
Tel: +82-43-261-3357, Fax: +82-43-271-3246, E-mail: beomjun@cbu.ac.kr



20 Yoon-Kyung Jeong et al.

SEEA7]F(OIE)NA 178t FAHAE Hiold
AZSIA S H(fluorescent  antibody virus neutralization,
FAVN; rapid fluorescent focus inhibition test, RFFIT)%l
d, ol Aokl HAW Hloleiag AMgsiel Sfwat
o, Wi A4 E2E EAHS ARSIk She IARRT A
A7|Zto] FAIZE Q%= ©@ilo] Utk wEbA Q=2
739, oJu] ELISA(enzyme linked immunoassay)¥] 5&
NEste] &g5tar 9lon, AR AF-8&3= I = ELISA
ZIEZ QlTH7, 10]. 2008 W3t o] mEW ARE
SHEl ELISA 7]E(Bio-Rad)E ©]&3t JAE FAAA
279} Hio|HAZIAIFH(FAVN) Y] ZIE H| WSt
o, 7et Fele] A /ol wUAL, 90.5%9] wFH
T9} 96.9%2] Eo|xE HrH10].
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Rabies antibody test kit(Platelia™ RabiesII Kit ad usum
Veterinarium, Bio-Rad, Marnes-la-Coquette, France)E At
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2017EEE 201997HA] 3€7F H2A 9 7, 1190 &
2,769 Zof A 934—r7]' A FHS el 33.7%9]
A FA FE4ES UEHIUHE = 0212, Table 1).
A BHAES ﬂE%E AmHEH 20179 AR 942%
ZollA 3381?7} A FAS YERY O] 35.9%9] FAH
A BHES UL, 2018H0]= A= 9075 Fl
A 292—1‘7]' A FdS UEtdo] 32.2%2] FA A
FAHAES U om, 201980 A|E 920%F ZofA]
304T7} TA FEE UEHo] 33.0%2 A FHES
el Axd A FHES FYHCE & AolE
Holz] okofrt.

Aol Y HANE
A& 257 ANTE BHAGET, AT A2T,
), FRAGET, BAT, =97, BET, SHE
TOAET ART 397, AdAGAT, Bokp, 7
27, FAT, 54T, PAT, GSET), ARAMHET,
AR, SAT, 287, FRT. BT 94 41 A
gog THsto] YA YHEL vILstATkFie D). 5
B 4305 FolA] 147} A FHE Liehulo] 34.7%

Table 1. Seroprevalence of rabies virus antibody for dogs
and cats in Seoul during 2017 - 2019

Fig. 1. Seroprevalence of rabies virus antibody in four
representative regions of Seoul during 2017-2019. There were
no significant differences among four regions (p = 0.122).

o WA PHELS el AdBL 809% o)A
200571 GA| S vehfel 35.8%] PAl FHES
HeRAglE FRAE 033F Bl 207t A
ekl 30.8%9) FA BHEL el Aud
597 FOIA 20857 A B ool 34
1) 948 Jehhgle. A8 nage i
A YHBS fOlH0R 2 Holg Kol ke,

o o°l' rlo o

£ UEol I% %‘EH% A d*éE?_ oAl A
o] HATHp < 0.001, Table 2).

Table 2. Seroprevalence of rabies virus antibody for dogs

and cats in Seoul as classified by breeding types

No. of No. of Adjusted
Year itive tested seroprevalence (%)

post P ° Breeding No. of No. of Adjusted
2017 338 942 359 type positive tested seroprevalence (%)
2018 292 907 322 Companion 547 990 55.3
2019 304 920 33.0 Stray 387 1,779 21.8
Total 934 2,769 337 Total 934 2,769 33.7

Significant probability value (p = 0.212). The p-values are
obtained by chi-square test.

Significant probability value (p < 0.001). The p-values are
obtained by chi-square test.
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ol 1 ool | =d ALE Bkl EH15]. 53]
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7t ZAF B4 F 27695 F 934571 A FAHow
33.7% A FHES YEUAT A= FAY IFA
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Table 3. Seroprevalence of rabies virus antibody for dogs

and cats in Seoul as classified by animal species

Species i(s)iti(\)ff: No. of tested seroprt?;;fs:;efe %)
Dogs 886 2,408 36.8

Cats 48 361 13.3

Total 934 2,769 33.7

Significant probability value (p < 0.001). The p-values are
obtained by chi-square test.
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S5 2d= Hwd) B Jf 36.8%, 10| 13.3%E

M) BAY FA FAHECl agolEt 36| 7Hrto] w2
Ao Uehgrt TRt BAWolet s S mA
HE&T7] 1, sW FAELS == A, &, YT olA
A 271 wieol[l, 21] agololA BaT gHS
& AX34oF ek Q14 ol R A Tk Lot
BAPS AFRE 2% BE 2F 55O #dE £ 9
& AWelEE, 3] Rl A A IR & g
o AR 20139 A71% SOl Y Tele} ol 9]
S8 AnololA FAo] BASATI, 7 e
Yl A XA AE](Program for Mornitoring Emerging Disea-
ses, ProMED)o]| 29 A A|AZ OS2 19Fo|of A HHAY
o FAEE 20190t 970l o m[22], L F=oA
= opy nololA] B o] Aol ds) A
s WA S AL SR, e W
| = SEA0] jETE ofye} 3190l o7
oz FEsHl o, no] HEAE uow F7IY
o5 Badol te ¥349l BRI} Fxo} Wasl
o, A7 Algsti Qe ZAido] TNR(ZEH-FAHT
A Do) BAY WAL G T PGS o
£ AxE 27K wavh

>

Qoo sl 20149 olF FAWo| A
o 9IcH24l. AT Selutelet Qe Bato] a3
%X A= (Public Health England, PHE)o] X3l 3-AH
I =7tol7] wEe] T & gle Adgoln2s]

Seet B9 20 WPAYL DMZ A2e] 29, 7
7| A9l AL OPYERR ols) Lo mRE ol
FUEY= 7HsAde sEsET e =2AE &
2luztolA HE FAY HolHAe HIolA gol2
utelo] o8l 3719t AdE BF A 9oz o]Fdt AL
E SR Qth2e6, 27]. 193 2T 7]}, 3
Hho| 24 9] WMol &3 5o meh FAY Aup H39
AAA] ol Q22 55 T2 4 &4 T =uiolA
T 3 Aled e dAEA 7T AdRelt
1993EEE 2001E71R]9] U FAE 9y sk
ZARE da}, Ag4rt oputE](Racoon dog, Nycte-
reutes procyonoides koreensis)7} Wj7§3tal Qlo] ©AY &
7l AHEE &, o5 EFg o2 A EQLo] Ky Hf
ek, 18, 28], AN BT o] F2 WAL F7o]
A= Zhol et FHAS ST A 4 2 {71
He 559 #E HasRtogn anAl 3y Ao
£ Shal QUEH29, 30]. op¥EEF o HTHE oA
T B EES gE0 7hsel it ASHA S
2001955 op yt oA gAY vl7] Wi4le AEst

-TLZ:iJJrE 31“%[12]

ﬂ*% Ut A Aje] FARE o] AgAd A
Yol 2EBHAIRE, 70% o142 Aol WAl HE2 ok
Aol dit W e 345t 7H4 FAERRE of
Yt Abe] 28 A eE 718E S0l e 2loR
HAEIL T3l 32]. B2 HPO]E%X%E& B %
A e w AR o HEOR A AHsHA

W 4 g Hleld A WYL =87 e[, 18] o
2t 3 APolH AAZ BhH7t Bast.

Tt oW AT Fo) ALX9 A, ngole] FA
3 94 480l WIS T Ron gl A8 2
W /)Eug o 3 £ 3o o] ad 1
L AZAAE U de] BE B, 71 2':1101]
a7 QA48 ABEES Adsted, o 49 A
et 23 A71E BAE 497t AA WY Fo] 42
% 9t a8BR ¥% 7108 U P59 5
A4 Aol met A9 A7) PYFL W
=8 AUshe WHe Tes & Bast gk E,
o gt SBE FAY B AzHte] oI AT A
A%k Qe ol o UTelot 2T ol
onz @4 APHL Y BB SIAS U Fot
1, 5% 7Re AR AA AY Pk BTstel 44
9 g5 Bl £2 YA hes dad
olst A FA

% A3
i Ewa%—g— Aas, s FEE
=18

r
&

_Lu
o oz

tlfr 2 o %0 1o

A<

T
=
-

e”d /\l

Conclusion
ol ATE 2017ARE 201997Hx] LX< A, 2

Fololl sl FAH HiolHA FA7F AAE AW oPO% 3
| Y] A, A9d, 193 S g, S8 T
A A FHES Hlo BASHAT & 276955 W
o7 FAYW FATE AARE AIE A 93457 FAIE
H{5ta glo A FAEC] 33.7%E AZX 9 FH
1 AESEC] WS AxTS & 5 A 2 wHY
= 7 & $71% "gEo] W A, 119o] 5ol of
A}t =HA qizkel opikE eftol wheh FAw Zn
Qlo] & 4= Stk A&A19] % 20061 oFAY Yol A



24 Yoon-Kyung Jeong et al.

B2 volg vt AEH olF WA WS gka
A, G BB AMelE XA T W >
HsAe 3] AT & gick. 4 o

Sl
o] W wejet AAHY. 1 s
o

Conflict of Interest

The authors declare no potential conflict of interest.

ORCID

Yoon-Kyung Jeong, http://orcid.org/0000-0003-0287-2542
Ho-Kyung Sung, http://orcid.org/0000-0003-4735-9830
Beom Jun Lee, http://orcid.org/0000-0002-7013-8086

Ethics Approval
This article does not require IRB/IACUC approval

because there are no human and animal participants.

References

1. Lee JB, Kim BJ, Kim SY, Kim HC, Park EY, Lee HC. A
Study on the development of the standard protection model
for rabies. Sejong: Ministry of Agriculture, Food and Rural
Affairs, 2013. p. 7-19.

2. Jung JY, Kim JH. Laboratory advances for the diagnosis of
rabies: a review. Korean J Vet Public Health 2007;31:129-
139.

3. Kim NH, Chae HS, Son HR, Kang YI, Lee JH, Kim SG.
Serological survey of rabies virus from the stray dogs in
Seoul. Korean J Vet Serv 2011;34:297-301.

4. Lee KK. Current trend in research of rabies vaccines. Korean
J Vet Public Health 2007;31:123-128.

5. Hampson K, Coudeville L, Lembo T, Sambo M, Kieffer A,
Attlan M. Barrat J, Blanton JD, Briggs DJ, Cleaveland S,
Costa P, Freuling CM, Hiby E, Knopf L, Leanes F, Meslin
FX, Metlin A, Miranda ME, Miiller T, Nel LH, Recuenco
S, Rupprecht CE, Schumacher C, Taylor L, Vigilato MAN,
Zinsstag J, Dushoff J. Estimating the global burden of en-
demic canine rabies. PLoS Negl Trop Dis 2015;9:¢0003709.

6. Knobel, Cleaveland DL, Coleman S, Févre PG, Meltzer EM,

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Miranda MI, Shaw MEG, Zinsstag A, Meslin J, Frangois-
Xavier. Re-evaluating the burden of rabies in Africa and
Asia. Bull World Health Organ 2005;83:360-368.

. Yang DG. Rabies is spread by raccoon dogs in Korea. J

Korean Vet Med Assoc 2013;49:181-182.

. Lee KK. Outbreaks and control of animal rabies in Korea.

Infect Chemother 2010;42:1-5.

. World Health Organization [WHO]. WHO expert consultation

on rabies: first report. Geneva: WHO; 2005. WHO Technical
Report Series 931.

Lee KK, Park CG, Um JG, Kim SH, Kim HR, Ju IS. Im-
provement of methods for detection of rabies virus anti-
body. Gimcheon: Animal and Plant Quarantine Agency; 2008.

Yeon SC. Development of research system for wildlife disease
(III). Jinju: Gyeong Sang National University; 2015.

Yang DK, Kim HH, Lee KK, Yoo JY, Seomun H, Cho IS.
Mass vaccination has led to the elimination of rabies since
2014 in South Korea. Clin Exp Vaccine Res 2017;6:111-
119.

Lee KK. Characteristics and management of rabies in Korea.
J Korean Vet Med Assoc 2012;48:495-496.

Animal and Plant Quarantine Agency. Survey on the protec-
tion and welfare of pets in 2018. Gimcheon: Animal and
Plant Quarantine Agency; 2018.

National Fire Agency. 119 paramedics are dispatched due to
six dog bites a day. Sejong: National Fire Agency; 2019.

Lee JB, Lee HJ, Hyun BH, Bang JH, Nam KO, Jeong YE,
Shin YH. Epidemiology and prevention strategies of rabies
in Korea. Korean J Epidemiol 2005;27:55-68.

Han MG, Ryou JS, Jeong YE, Ju YR, Cho JE, Park JS.
Epidemiologic features of animal bite cases occurring in
rabies-endemic areas of Korea 2005 to 2009. Osong Publ
Hlth Res Perspect 2012;3:14-18.

Park JS, Han MG. General features and post-exposure pro-
phylaxis of rabies. Infect Chemother 2010;42:6-11.

Seoul Metropolitan Government. First-come, first-served su-
pport for animal registration of vaccination against rabies,
precious dogs in Seoul. Seoul: Seoul Metropolitan Govern-
ment; 2019.

Yang DK, Yoon SS, Lee KK, Byun JW, Bae YC, Oh YI,
Song JY. Rabies immune status in the stray and companion
dogs in Korea. Korean J Vet Res 2010;50:133-137.

Yang DK, Kim SY, Oh YI, Lee JA, Cho SD, Lee KW,
Song JY. Epidemiological characteristics of rabies in South
Korea from January 2004 to March 2011. J Bacteriol Virol
2011;41:165-171.

ProMED. Canine rabies [Internet]. 2019 [cited 2019 Oct



Presence of rabies virus antibody for dogs and cats in Seoul 25

23.

24.

25.

26.

30]. Available from: https://promedmail.org/promed-posts/

Head Topic. Father, 58, died of RABIES from Morocco cat
bite in Morocco [Internet]. 2019 [cited 2019 Oct 30].
Available from: https://headtopics.com/uk/father-58-died-of-
rabies-from-cat-bite-in-morocco-8172222

Park JS, Lee HK, Lee YS. Animal bite cases in high-risk
regions in Korea, 2015. Public Healthy Wkly Rep CDC
2015;9:533-534.

Public Health England [PHE]. Rabies risks in terrestrial
animals by country [Internet]. 2019 [cited 2019 Oct 30].
Available from: https://www.gov.uk/government/publications/
rabies-risks-by-country/rabies-risks-in-terrestrial-animals-by-c
ountry#n

Hyun BH, Kim SI, Song JY, Lee JJ, Lim 1J, Kim 1J, Pyo
HM, Song JY. Detailed phylogenetical lineage of Korean
rabies virus isolates by molecular epidemiological comparison
with those of the North-East Asia. Korean J Vet Public
Health 2011;35:261-269.

27.

28.

29.

30.

31

32.

Yang DK, Park YN, Hong GS, Kang HK, Oh YI, Cho SD,
Song JY. Molocular characterization of Korean rabies virus
isolates. J Vet Sci 2011;12:57-63.

Kim JH, Hwang EK, Sohn DVM HJ, Kim DY, So BJ, Jean
YH. Epidemiological characteristics of rabies in South Korea
from 1993 to 2001. Vet Rec 2005;157:53-56.

Banyard AC, Horton DL, Freuling C, Miiller T, Fooks AR.
Control and prevention of canine rabies: the need for buil-
ding laboratory-based surveillance capacity. Antiviral Res
2013;98:357-368.

Precausta P, Soulbot JP. Vaccines for domestic animals. In:
Baer GM (ed.). The natural history of rabies. Boca Raton:
CRC Press; 1991. p. 331-354.

Han HY, Lee WC. Overview of rabies and its importance as
a common infectious disease. J Korean Vet Med Assoc
1994;30:131-138.

Kelly VP, Gonzalez JL, Nettles WD, Clark K. Control of 2
canine rabies epizootics. Mod Vet Pract 1983;64:380-384.



