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Abstract

Background: Viral agents associated with reproductive failure such as Aujeszky’s disease virus (ADV),
encephalomyocarditis virus (EMCV), and porcine parvovirus (PPV) have also been identified in European wild boar. To
screen for the presence of antibodies against ADV, EMCV, and PPV from wild boar (Sus scrofa) in South Korea, 481
serum samples were collected from wild boar hunted between December 2010 and May 2011.

Results: Of the 481 serum samples tested, 47 (9.8%) and 37 (7.7%) were seropositive for ADV and EMCV antibodies,
respectively, based on a neutralization test (VNT), and 142 (29.5%) were seropositive for PPV antibodies based on a
hemagglutination inhibition (HI) test.

Conclusions: This was the first survey to identify the seroprevalence of the three major viruses associated with
reproductive failure in the wild boar population of South Korea. Wild boar may act as a reservoir for many viruses
that cause infectious diseases in domestic pigs. Thus, strict prevention and control measures, such as continuous
wildlife disease surveillance and strategic methods of downsizing the population density, should be implemented to
prevent disease transmission from wild boar to domestic pigs.
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Background
Wild boar (Sus scrofa) may act as a reservoir for many
infectious pathogens, such as the causative agents of
zoonoses and livestock infectious diseases, and the do-
mestic pig and wild boar share numerous common path-
ogens [1]. In Europe, it was reported that wild boar may
constitute a reservoir for many disease that affect do-
mestic pigs [1,2]. Viral agents associated with reproduct-
ive failure such as Aujeszky’s disease virus (ADV),
encephalomyocarditis virus (EMCV), porcine parvovirus
(PPV), porcine circovirus type 2 (PCV2), and porcine re-
productive and respiratory syndrome virus (PRRSV)
have also been identified in European wild boar [2-5]. In
South Korea, the wild boar population has increased
continuously during the last 30 years because of a lack
of predators and competitors [6]. This growing popula-
tion could also increase the risk of Korean wild boar
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acting as a reservoir for various infectious agents and
spreading diseases. Recent studies have detected patho-
gens in South Korean wild boar, including classical swine
fever virus (CSFV), PRRSV, hepatitis E virus, and trichi-
nella [6-9]. However, few studies have investigated the
possible links between disease outbreaks and intra-
species disease transmission from wild boar to domestic
pigs in South Korea. Aujeszky’s disease, which causes
mummification and abortion in pregnant sows, is an
economically important disease for the pig industry
worldwide and many countries have implemented na-
tional programs to eliminate this disease [10-13]. EMCV
infection of swine can cause severe economic losses on
pig farms and is known to be a cause of mortality in
young pigs, acute myocarditis, and reproductive failure
in sows [14]. PPV is common in domestic swine, where
it is implicated in early fetal death, stillbirth, and weak
birth [4]. The present study tested for antibodies against
important viral agents that induce reproductive failure,
such as PPV, ADV, and EMCV, in South Korean wild boar
and examined the possibility of disease transmission
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between domestic pigs and wild boar. The results may fa-
cilitate the development of effective wild boar disease con-
trol programs.

Results and discussion
The overall seropositivity rates were 9.8% (47/481) for
ADV, 7.7% (37/481) for EMCV, and 29.5% (142/481) for
PPV (Table 1). However, there were no correlations be-
tween the prevalence rates of these diseases and the geo-
graphical origins of the samples because only a small
number of samples were collected and their geographical
distribution was very limited, which was possibly biased
by hunting area restrictions. No animals were infected
simultaneously with all three viral pathogens. However,
antibodies against ADV (32-fold) and EMCV (64-fold)
were both detected in one sample from Gyeonggi.
Disease control among wild boar is a primary concern

of those involved with wildlife and domestic livestock
because the wild boar population has become suscep-
tible to pathogens that may serve as a reservoir for do-
mestic pig disease viruses. Pathogens that are responsible
for reproductive failure in domestic pigs could have simi-
lar effects in wild boar [2]. The transmission of viruses
that cause reproductive failure from wild boar to domestic
pigs may have severe effects on piglet production, with
huge economic losses on pig farms. In South Korea, direct
contact between wild boar and domestic pigs may rarely
occur because domestic pigs are usually reared within
enclosed farm facilities. However, some farmers raise their
pigs near mountains with rough fences and pigs may es-
cape from their pens. Wild boar have started to invade
residential areas to search for food and there are increas-
ing reports of damage by wild boar in residential areas, in-
cluding the outskirts of cities [6]. Compared with other
countries with less dense human and animal populations,
such as the USA and Canada, contacts between wild boar
and domestic pigs could occur more easily in South Korea.
It is possible that domestic pigs and wild boar could come
into contact and share pathogens, which is supported by
Table 1 Seropositive antibody titers against Aujeszky’s diseas
porcine parvovirus (PPV) in wild boar from five South Korean

Province Antibody titers against ADV/EMCV/PPV*

8 16 32 64

Gangwon -a/-b/1c 5/-/1 1/0/11 1/3/

Gyeonggi −/−/2 12/-/2 5/1/8 2/6/

Chungchung −/−/3 3/-/9 1/2/3 1/1/

Gyeongsang −/−/1 1/-/4 0/3/7 4/0/

Jeonra −/−/0 6/-/2 0/0/2 0/1/

Total −/−/7 27/-/18 7/6/31 8/11

Numbers of samples that tested positive for antibodies against aADV/bEMCV/cPPV.
Samples were considered positive if the titers were ≥1:16 for ADV, ≥1:32 for EMCV,
*A neutralization test was used to detect ADV and EMCV antibodies, and a hemagg
- : Negative for antibodies against ADV or EMCV.
the detection of CSFV and PRRSV in wild boar samples
[6,15]. Two CSFV strains (YC11WB and PC11WB) classi-
fied as subgroup 2.1b were isolated from Korean wild boar
in 2011 [15]. Of 267 wild boar samples analyzed, four
(1.5%) were also positive for PRRSV antibodies and eight
(3.0%) were positive for European type 1 and North
American type 2 PRRSV antigens. The nucleotide se-
quences of the type 1 PRRSV ORF7 had 96.1–98.4%
shared identity with PRRSV from domestic pigs in Korea,
and the sequences of type 2 PRRSV ORF7 had 100%
shared identity with PRRSV strain VR-2332, which is the
prototype North America strain [6]. ADV, EMCV, and
PPV antibodies have also been reported from wild boar
populations in Europe and the USA [16-18].
The prevalence of EMCV antibodies in domestic pigs

from South Korea was found to be 9.1% (301/3315) [19].
In the present study, the prevalence of EMCV antibodies
(7.7%) in Korean wild boar was similar to that in domes-
tic pigs. The present study also detected PPV antibodies
in 142 (29.5%) Korean wild boar serum samples, which
suggests that PPV has a widespread distribution in the
wild boar population.
The relatively high prevalence of antibodies against

ADV in Korean wild boar is surprising because the do-
mestic pig population has been free of ADV since 2010
according to the Korea Animal Health Integrated System
(KAHIS) (http://www.kahis.go.kr), which stores animal
disease surveillance results submitted by the local and
national governments of South Korea. KAHIS analyzed
137,101 swine serum samples in 2010, 148,576 samples
in 2011, and 146,006 samples in 2012, and all samples
were negative for ADV antibodies. In the USA, it is esti-
mated that the large population of wild boar is a poten-
tial source for re-infection where the prevalence of ADV
may exceed 60% [20]. In the Czech Republic, it was re-
ported that ADV infection of domestic pigs occurred
after contact with wild boar [5]. Therefore, the domestic
and captive wild boar population should be separated
from the wild and feral pig population by appropriate
e virus (ADV), encephalomyocarditis virus (EMCV), and
provinces

128 256 512 Total

13 3/0/2 0/2/5 0/0/1 10/5/34

6 0/5/3 0/4/1 0/0/2 19/16/24

11 1/2/4 0/3/6 0/0/3 6/8/39

3 1/0/6 0/0/1 0/0/1 6/3/23

9 0/1/2 0/3/2 0/0/5 6/5/22

/42 5/8/17 0/12/15 0/0/12 47/37/142

and ≥1:8 for PPV.
lutination inhibition was performed to test for PPV antibodies.

http://www.kahis.go.kr
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biosecurity measures to prevent transmission of ADV in
South Korea.

Conclusion
In conclusion, we found no evidence of the transmission
of infectious agents between domestic pigs and the wild
boar population, but viruses associated with reproduct-
ive failure had a relatively high prevalence in the wild
boar population. Contacts between pigs and wild boar
are infrequent events, but several examples have been
reported, which support the link between open air or
backyard pig production and the risk of disease trans-
mission at the pig-wild boar interface, such as classical
swine fever in Germany [21] and African swine fever in
Sardinia [22]. Effective disease control in wild boars de-
mands continuous serological surveys to establish sur-
veillance programs. Backyard pig vaccination campaigns
to combat ADV, PPV, and EMCV may also have major
roles in preventing transmission at the pig–wild boar
interface.

Methods
Wild boars serum samples
Blood samples were collected from wild boar hunted
and killed as part of a classical swine fever (CSF) eradi-
cation campaign undertaken in South Korea between
December 2010 and May 2011. Most of the samples
were obtained from adult boar, but information was not
available on their age and sex. After shooting, the wild
boar blood samples were collected in sterile tubes and
transported immediately to the laboratory. The serum
samples were harvested by centrifugation at 1,500 × g for
15 min at 4°C and stored at −20°C until analysis.

HI Assay and VN test
The 481 serum samples originated from five provinces:
Gangwon (n = 79), Gyeonggi (n = 153), Chungchung (n =
102), Gyeongsang (n = 86), and Jeonra (n = 61). The sera
were analyzed using a neutralization test (VNT) for two
viruses (ADV and EMCV) and by a hemagglutination in-
hibition (HI) test for PPV, as described previously
[19,23,24]. Samples were considered positive if the titers
were ≥1:16 for ADV, ≥1: 32 for EMCV, and ≥1:8 for PPV
[19,25,26].

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
ADJ designed the study and approved the manuscript. JHY, LSI, KYK and CYY
performed the HI assay and SN test, and analyzed data. KJJ and SJY collected
wild boar samples and HBH prepared the manuscript. All authors read and
approved the final manuscript.

Acknowledgments
We are grateful to Mr Seong Hee Lee, Ms Ji Hyun Park Kim, and Ms Eun Hye
Park for technical assistance. This research was supported by a grant (Project
Code No. B-AD14-2012-14-03) from the Animal and Plant Quarantine Agency,
Ministry for Food, Agriculture, Forestry and Fisheries, South Korea.

Received: 28 March 2014 Accepted: 13 February 2015
References
1. Meng XJ, Lindsay DS, Sriranganathan N. Wild boars as sources for infectious

diseases in livestock and humans. Philos Trans R Soc Lond B Biol Sci.
2009;364:2697–707.

2. Ruiz-Fons F, Vicente J, Vidal D, Hofle U, Villanua D, Gauss C, et al.
Seroprevalence of six reproductive pathogens in European wild boar (Sus
scrofa) from Spain: the effect on wild boar female reproductive
performance. Theriogenology. 2006;65:731–43.

3. Maurice H, Nielen M, Brocchi E, Nowotny N, Kassimi LB, Billinis C, et al. The
occurrence of encephalomyocarditis virus (EMCV) in European pigs from
1990 to 2001. Epidemiol Infect. 2005;133:547–57.

4. Mengeling WL, Lager KM, Vorwald AC. The effect of porcine parvovirus and
porcine reproductive and respiratory syndrome virus on porcine
reproductive performance. Anim Reprod Sci. 2000;60–61:199–210.

5. Sedlak K, Bartova E, Machova J. Antibodies to selected viral disease agents
in wild boars from the Czech Republic. J Wildl Dis. 2008;44:777–80.

6. Choi EJ, Lee CH, Hyun BH, Kim JJ, Lim SI, Song JY, et al. A survey of porcine
reproductive and respiratory syndrome among wild boar populations in
Korea. J Vet Sci. 2002;13:377–83.

7. Kim G, Choi MH, Kim JH, Kang YM, Jeon HJ, Jung Y, et al. An outbreak of
trichinellosis with detection of Trichinella larvae in leftover wild boar meat.
J Korean Med Sci. 2011;26:1630–3.

8. Kim YM, Jeong SH, Kim JY, Song JC, Lee JH, Kim JW, et al. The first case of
genotype 4 hepatitis E related to wild boar in South Korea. J Clin Virol.
2011;50:253–6.

9. Seo SW, Sunwoo SY, Hyun BH, Lyoo YS. Detection of antibodies against
classical swine fever virus in fecal samples from wild boar. Vet Microbiol.
2012;161:218–21.

10. Corn JL, Stallknecht DE, Mechlin NM, Luttrell MP, Fischer JR. Persistence of
pseudorabies virus in feral swine populations. J Wildl Dis. 2004;40:307–10.

11. Hahn EC, Page GR, Hahn PS, Gillis KD, Romero C, Annelli JA, et al.
Mechanisms of transmission of Aujeszky’s disease virus originating from
feral swine in the USA. Vet Microbiol. 1997;55:123–30.

12. Martini M, Drigo M, Dalla Pozza M, Ferrari G, Martinello F, Sona B. A study of
the progress of the Aujeszky’s disease control programme in Italy using
survival analysis. J Vet Med B Infect Dis Vet Public Health. 2003;50:191–5.

13. Muller T, Batza HJ, Schluter H, Conraths FJ, Mettenleiter TC. Eradication of
Aujeszky’s disease in Germany. J Vet Med B Infect Dis Vet Public Health.
2003;50:207–13.

14. Gelmetti D, Meroni A, Brocchi E, Koenen F, Cammarata G. Pathogenesis of
encephalomyocarditis experimental infection in young piglets: a potential
animal model to study viral myocarditis. Vet Res. 2006;37:15–23.

15. Jeoung HY, Lim JA, Lim SI, Kim JJ, Song JY, Hyun BH, et al. Complete
genome sequences of classical Swine Fever virus strains isolated from wild
boars in South Korea. Genome Announc. 2013;1:e0014713.

16. Albina E, Mesplede A, Chenut G, Le Potier MF, Bourbao G, Le Gal S, et al. A
serological survey on classical swine fever (CSF), Aujeszky’s disease (AD) and
porcine reproductive and respiratory syndrome (PRRS) virus infections in
French wild boars from 1991 to 1998. Vet Microbiol. 2000;77:43–57.

17. Corn JL, Swiderek PK, Blackburn BO, Erickson GA, Thiermann AB, Nettles VF.
Survey of selected diseases in wild swine in Texas. J Am Vet Med Assoc.
1986;189:1029–32.

18. Saliki JT, Rodgers SJ, Eskew G. Serosurvey of selected viral and bacterial
diseases in wild swine from Oklahoma. J Wildl Dis. 1998;34:834–8.

19. An DJ, Jeong W, Jeoung HY, Yoon SH, Kim HJ, Choi CU, et al.
Encephalomyocarditis in Korea: serological survey in pigs and phylogenetic
analysis of two historical isolates. Vet Microbiol. 2009;137:37–44.

20. Gresham CS, Gresham CA, Duffy MJ, Faulkner CT, Patton S. Increased
prevalence of Brucella suis and pseudorabies virus antibodies in adults of an
isolated feral swine population in coastal South Carolina. J Wildl Dis.
2002;38:653–6.

21. Fritzemeier J, Teuffert J, Greiser-Wilke I, Staubach C, Schlüter H, Moennig V.
Epidemiology of classical swine fever in Germany in the 1990s. Vet
Microbiol. 2000;77:29–41.



Jeoung et al. BMC Veterinary Research  (2015) 11:78 Page 4 of 4
22. Laddomada A, Patta C, Oggiano A, Caccia A, Ruiu A, Cossu P, et al.
Epidemiology of classical swine fever in Sardinia: a serological survey of wild
boar and comparison with African swine fever. Vet Rec. 1994;134:183–7.

23. Chen Y, Guo W, Xu Z, Yan Q, Luo Y, Shi Q, et al. A novel recombinant
pseudorabies virus expressing parvovirus VP2 gene: Immunogenicity and
protective efficacy in swine. Virol J. 2011;8:307.

24. Zeeuw EJ, Leinecker N, Herwig V, Selbitz HJ, Truyen U. Study of the
virulence and cross-neutralization capability of recent porcine parvovirus
field isolates and vaccine viruses in experimentally infected pregnant gilts.
J Gen Virol. 2007;88:420–7.

25. Wirahadiredja RM, Rondhuis PR. A comparative study of the neutralisation
test and the indirect fluorescent antibody technique for the detection of
antibodies to the virus of Aujeszky in pig sera. Tijdschr Diergeneeskd.
1976;101:1125–8.

26. Oravainen J, Hakala M, Rautiainen E, Veijalainen P, Heinonen M, Tast A, et al.
Parvovirus antibodies in vaccinated gilts in field conditions–results with HI
and ELISA tests. Reprod Domest Anim. 2006;41:91–3.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Results
	Conclusions

	Background
	Results and discussion
	Conclusion
	Methods
	Wild boars serum samples
	HI Assay and VN test

	Competing interests
	Authors’ contributions
	Acknowledgments
	References

