
RESEARCH Open Access

Immunogenicity and safety of virus-like particle
of the porcine encephalomyocarditis virus in pig
Hye-Young Jeoung1,2†, Won-Ha Lee2†, WooSeog Jeong1, Bo-Hye Shin1, Hwan-Won Choi3, Hee Soo Lee1 and
Dong-Jun An1*

Abstract

Background: In this study, porcine encephalomyocarditis virus (EMCV) virus-like particles (VLPs) were generated
using a baculovirus expression system and were tested for immunogenicity and protective efficacy in vivo.

Results: VLPs were successfully generated from Sf9 cells infected with recombinant baculovirus and were
confirmed to be approximately 30-40 nm by transmission electron microscopy (TEM). Immunization of mice with
0.5 μg crude protein containing the VLPs resulted in significant protection from EMCV infection (90%). In swine,
increased neutralizing antibody titers were observed following twice immunization with 2.0 μg crude protein
containing VLPs. In addition, high levels of neutralizing antibodies (from 64 to 512 fold) were maintained during a
test period following the second immunization. No severe injection site reactions were observed after
immunization and all swine were healthy during the immunization period

Conclusion: Recombinant EMCV VLPs could represent a new vaccine candidate to protect against EMCV infection
in pig farms.
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Background
The porcine encephalomyocarditis virus (EMCV) is a
member of the genus Cardiovirus of the family Picorna-
viridae, the genome is a single-stranded positive sense
RNA of approximately 7.8 kb with a unique large open
reading frame (ORF) [1]. Porcine EMCV infection,
which is characterized by acute myocarditis and sudden
death in preweaned piglets and severe reproductive fail-
ure in sows, results in severe economic losses for swine
production [2-4].
An inactivated EMCV vaccine is considered as one of

the effective strategies for preventing EMCV infection in
domestic and wild animals [5,6]. Recently, vaccination
with porcine EMCV virus-like particles (VLPs) has also
been examined as a novel candidate for protection
against porcine EMCV [7]. However, VLP-based vac-
cines against porcine EMCV produced using a baculo-
virus system have not yet been developed.

One of the most important technological develop-
ments to emerge from the baculovirus expression sys-
tem was the observation that the expression of viral
capsid proteins could lead to the assembly of VLPs that
mimic the overall structure of authentic viral particles
but are devoid of viral nucleic acids [8]. VLPs represent
a highly effective alternative vaccine strategy. They have
been shown to stimulate B-cell-mediated immune
responses, and are also highly effective at stimulating
CD4 proliferative responses and cytotoxic T-lymphocyte
(CTL) responses [9-11]. VLPs have thus been developed
as novel vaccine candidate for many kinds of viruses
including bluetongue virus [12], rabbit hemorrhagic dis-
ease virus [13], severe acute respiratory syndrome
(SARS) virus [14], Norwalk-like viruses [15], and parvo-
virus [16]. Moreover, hepatitis B virus (Recombivax HB,
Merck) and human papillomavirus (Gardasil®, Merck)
VLPs have been approved for use as vaccines.
In this study, we generated a recombinant baculovirus

Bac-P12A3C, which contains the structural protein P1,
the nonstructural protein 2A and the protease 3C of
porcine EMCV K3 (wild strain) to induce formation of
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VLPs that mimic the antigenic structure of authentic
porcine EMCV particles. We then evaluated the protec-
tive immune response induced by the recombinant
VLPs in mice and their immunogenicity in swine.

2. Materials and methods
2.1. Viruses, cells and antibodies
The Korean porcine EMCV K3 strain (pEMCV-K3) iso-
lated in 1990 and the monoclonal antibody (MAb) 3F10
against the VP1 protein of pEMCV-K3 were used as
described previously [7]. The Spodoptera frugiperda
(Sf9) insect cells were maintained in Grace medium
(Invitrogen, USA) containing 5% fetal bovine serum
(Gibco, USA), lactalbumin hydrolysate (Gibco, USA),
and an antibiotics-antimycotic solution (Gibco, USA) at
27°C, and infected Sf9 cells were maintained in Sf 900 II
SFM (Gibco, USA) without fetal bovine serum.
2.2. Construction of recombinant baculovirus transfer
vectors and generation of recombinant baculovirus
Genes of the capsid protein P1, the nonstructural protein
2A and the protease 3C of pEMCV-K3 were amplified
and cloned into a pFastBac™ HTB (Invitrogen, USA) as
described previously [7]. The P12A3C gene was then
inserted down stream of the polyhedron promoter (PPH).
Recombinant baculovirus was generated by site-specific
transposition of pFastBac/P12A3C into a baculovirus
shuttle vector (bacmid) propagated in DH10Bac cells
(Invitrogen, USA) by using the Bac to Bac baculovirus
expression system (Invitrogen, USA) according to the
manufacturer’s instructions. Recombinant baculovirus
(Bac-P12A3C) was plaque purified, and then the presence
of the P12A and 3C genes of pEMCV-K3 was confirmed
by PCR using previously described primer sets [7].
2.3. Expression of recombinant proteins
Sf9 cells in 6-well culture plates were infected with
recombinant baculovirus at a multiplicity of infection
(MOI) of 10 for 72 h. Vero cells were infected with
pEMCV-K3 grown in 6-well culture plates (as a positive
control). The expressed recombinant proteins were ana-
lyzed by immunofluorescence assay (IFA) and Western
blotting analysis as previously described [7].
2.4. Morphology of VLPs
Sf9 cells in 25 cm2 flasks were infected with recombinant
baculovirus at an MOI of 10 and harvested at 4 day
post-infection (dpi). The harvested cells were clarified by
centrifugation, concentrated using polyethylene glycol
precipitation and then, loaded onto a 20-60% (w/v) dis-
continuous sucrose step density gradient as described
previously [7]. The peak fraction from the sucrose gradi-
ent was allowed to settle on glow-discharged carbon-
coated grids for morphological examination by transmis-
sion electron microscopy (TEM, Tecnai G2) at the Korea
Basic Science Institute. The grid was blotted dry, and
stained with 1% uranyl acetate. The sample was

visualized using a transmission electron microscope at
60,000 × magnification.
2.5. Animal experiments
2.5.1 Efficacy of EMCV VLPs in mice Female BALB/c
mice (aged 6-8 weeks) were used for the immunization
and challenge trials. The mice were randomly divided
into four groups, with fifteen mice in each group. All
groups were intramuscularly (I.M) inoculated with 0.1
ml antigen two times at an interval of 2 weeks. Group 1
was inoculated with PBS as a negative control, and
Group 2 was inoculated with a commercial killed vac-
cine (Choongang Vaccine Laboratory, Korea) as a posi-
tive control. Group 3 and Group 4 were inoculated with
0.5 μg and 0.1 μg respectively, of crude protein extract
from Bac-P12A3C infected cells containing VLPs. On 14
day post-vaccination, ten mice in each group were chal-
lenged intramuscularly with 0.1 ml of the pEMCV-K3
strain containing 106 TCID50/ml (1000MLD50/ml) per
mouse. The remainder in each group was analyzed for
humoral immune response as described previous [17].
2.5.2 Safety and Immunization in swine Twelve pigs,
weighing approximately 30-40 kg each, that were anti-
body - negative against EMCV were separated into six
groups of two pigs each. Antigen was mixed with an
equal volume of an Montandide IMS 1313™ N VG
(Seppic, France), and all groups were inoculated intra-
muscularly with 1.0 ml antigen-adjuvant mixture. Group
1 was inoculated with PBS as a negative control, and
Group 2 was inoculated with commercial vaccine as a
positive control. Group 3 and Group 5 were inoculated
once each with 2.0 μg and 0.2 μg of crude protein,
respectively, which was extracted from Bac-P12A3C
infected cells containing VLPs. Group 4 and Group 6
were inoculated twice in a 2 week interval with 2.0 μg
and 0.2 μg respectively, of crude protein extracted from
Bac-P12A3C infected cells containing VLPs. After each
immunization, all swine were observed for 30 min and
monitored for clinical signs during the immunization
period at 2 day intervals. Sera were collected every week
for 50 days from immunized swine to analyze serocon-
version. Neutralizing EMCV antibodies were detected in
collected sera using an in vitro neutralization assay as
described previous [17].
2.6. Statistics analysis
Results of neutralizing antibodies levels were presented
as the means ± SEM. The significance of the variability
among the experimental groups was determined by two-
way ANOVA. A probability value (P) of < 0.05 was con-
sidered significant.

3. Results
3.1. Expression and identification of VLPs in vitro
Sf9 cells were transfected with a bacmid contained the
P12A and 3C genes, and recombinant baculoviruses
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(Bac-P12A3C) were identified by plaque assay and
confirmed by PCR (data not shown). Cells were infected
with Bac-P12A3C at an MOI of 10, and cells and super-
natants were harvested and analyzed at 3 dpi, at which
point most of the cells showed cytopathic effects (CPE).
In the IFA, Sf9 cells infected with Bac-P12A3C reacted

with the Mab 3F10 and exhibited strong cytoplasmic
staining (Figure 1A). Western blotting showed that a
specific protein of the predicted size of 30 kDa (VP1)
was observed in both Vero cells with the pEMCV-K3
strain and in Sf9 cells infected with Bac-P12A3C
(Figure 1B).
3.2. Analysis of VLP morphology
To examine whether cells infected with Bac-P12A3C
can generate virus-like particles, Sf9 cells infected with
Bac-P12A3C were prepared for visualization by TEM.
As seen in Figure 2, hollow spherically shaped structures
with a diameter of about 30 nm were identified in Bac-
P12A3C-infected cells, whereas no such structures were
observed in uninfected Sf 9 cells (data not shown).
3.3. Seroconversion and protection of immunized mice
Serum samples were collected from each immunized
mouse group on day 14 after the second immunization.
The negative control group immunized with the PBS
(Group 1) was negative for pEMCV-K3 neutralizing
antibodies, whereas Group 2, which was immunized
with a commercial vaccine, produced virus-neutralizing
antibodies at high levels (from 256 to 1,024 fold). Group
3 and Group 4, which were immunized with 0.5 μg and
0.1 μg, respectively, of crude protein containing VLPs,
exhibited virus-neutralizing antibodies (from 128 to
1,024 fold for Group3, and from 64 to 512 fold for
Group 4). In each challenged group, all ten mice immu-
nized with the commercial vaccine were protected
perfectly, whereas mice immunized with the PBS all
died due to infection within 3 to 4 days post-challenge.
Nine of the ten mice immunized with 0.5 μg of crude

protein containing VLPs were protected to a high level,
but only 60% of the mice immunized with 0.1 μg of
crude protein containing VLPs survived (Figure 3).
3.4. Safety and immunity in swine
As seen in Figure 4 determined by two-way ANOVA,
neutralizing antibodies in the pigs of Group 3 were
increased 128 fold and those of Group 5 were increased
64 fold upon inoculation with a single dose of crude
protein containing VLPs. Steady production of the anti-
bodies was maintained for two weeks, but decreased
dramatically three weeks after immunization (from 4 to
8 fold). Group 4 and Group 6 showed an increased pro-
duction of neutralizing antibodies after the primary and
secondary inoculation with crude protein containing
VLPs, and these neutralizing antibody levels were main-
tained at high levels for up to 5 weeks after the last
inoculation. The level of neutralizing antibodies in
Group 4 (from 64 to 512 fold) was similar to that of
group 2. On Group 2, swine immunized with the
commercial EMCV vaccine generated higher levels of
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Figure 1 Analysis of recombinant baculovirus expression using
the monoclonal antibody 3F10, which recognizes an epitope
of the VP1 protein. (A) Expression and intracellular localization of
recombinant baculovirus Bac-P12A3C as identified by
immunofluorescence. (B) Western blotting analyses of recombinant
baculovirus. Lane M, protein molecular weight marker; Lane 1,
whole virus; Lane 2, Sf9 cells infected with Bac-P12A3C.
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Figure 2 Characterization of VLPs using transmission electron
microscopy (TEM). TEM images of Sf9 cells infected with Bac-
P12A3C. The arrows indicate aggregation of VLPs. Bar size: 50 nm
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Figure 3 Protection of immunized mice against a lethal EMCV
challenge. The survival curve was based on the number of mice
surviving on various days post-challenge.
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virus-neutralizing antibodies with titers ranging from 256
to 1,024 fold, and these levels of neutralizing antibodies
were maintained until five weeks after final inoculation.
In contrast, swine in Group 1 did not produce any
detectable neutralizing antibodies. No severe injection
site reactions were observed after immunization and all
swine were healthy during the immunization period.

4. Discussion
Virus-like particles are promising vaccine candidates for
triggering neutralizing antibody response since they can
authentically mimic the viral surface and are antigenicity
similar to the parental virus. In addition, they are safely
devoid of infectious genetic material [8,18]. VLPs have
been produced extensively as human and veterinary vac-
cine candidates due to their strong immunogenicity.
The baculovirus expression system has been widely used
for generation of these VLPs due to the high productiv-
ity of the system and the ability to achieve rapid produc-
tion scale implementation [19]. VLPs have been
successfully generated from many other Picornaviridae
family members, including enterovirus [20], poliovirus
[21] and foot-and mouth disease virus (FMDV) [22].
In a previous study, we engineered a DNA vaccine

that produced pEMCV-K3 VLPs and confirmed that the
VLP antigen exhibited good antigenicity and protective
immunity in mice [7]. In the present study, we used a
baculovirus expression system to generate EMCV VLPs,
verified that Bac-P12A3C is capable of expressing a
fusion protein, and confirmed P1 protein is correctly
processed by the 3C protease into the VP1 protein
(approximately 30 kDa) as previously demonstrated
[7,23]. These data also showed that Bac-P12A3C has the
ability to self-assemble into 30 nm to 40 nm VLPs with

a similar morphology to authentic virus particles of por-
cine EMCV showed by TEM [7,20,22,24].
Mice immunized with 0.1 μg of crude protein contain-

ing VLPs (60%), 0.5 μg crude protein containing VLPs
(90%), or the commercial vaccine (100%) displayed dif-
ferent levels of protection in viral challenge experiments.
Correspondingly, a linear relationship between the levels
of neutralizing antibody and the protective efficacy of
EMCV vaccines against lethal EMCV challenge has been
demonstrated [7,23]. VLP-based vaccines have been
shown to confer protection in animal models against
many viral challenges (i.e., enterovirus [25], foot and
mouth disease virus [26], influenza virus [27] parvovirus
[16], human immunodeficiency [28] and rotavirus [29].
Together, these findings indicate that VLPs can be dra-
matically effective immunogens [8].
To assess the safety of the VLP, two doses of crude

protein including VLPs were tested, with the higher dose
(2.0 μg) 10-fold higher than the lower dose (0.2 μg). No
immunization related clinical signs were observed in any
group. After the second immunization, the levels of neu-
tralizing antibodies were similar to those obtained with
the commercial vaccine and were more effective than sin-
gle-dose immunization in inducing the production and
maintenance of neutralizing antibodies in swine. The
twice immunization were more effective in inducing the
production and maintenance of neutralizing antibodies in
swine than primary immunization. Correspondingly, the
conventional inactivated vaccine is also administered
twice, as the second boost is needed to effectively induce
neutralizing antibody [30]. The production of neutraliz-
ing antibodies has been correlated with protection
against viral infection and is an important feature of an
effective vaccine. In addition, some data suggest that the
induction of high level of EMCV specific neutralizing
antibodies may be essential for protection against EMCV
infection [5,30,31]. This study demonstrates that twice
immunizations with a VLP vaccine can effectively induce
neutralizing antibodies. Thus, this approach may have
significant application as a novel vaccine strategy to con-
trol EMCV. In future studies, we plan to investigate this
VLP vaccine for efficiency, safety, and effects on litter
size in pregnant swine.
Based on the results presented on this study, we con-

clude that porcine EMCV VLPs generated using a bacu-
lovirus expression system are safe and demonstrate
good antigenicity and immunogenicity. The antigenicity
from vaccination against EMCV with these VLP indicate
such systems have as promising vaccines for this disease.

Acknowledgements
We are grateful to Ms. Hyun-Jeong Kim and Mr. Sung Yub Kim for technical
assistance; and the Korea Basic Science Institute for use of equipment for
electron microscopy.

0           7           14         21          28          35          42         50

Boost

Time post-immunization (days)

Lo
g2

 N
A

 ti
tre

s

14

12

10

8

6

4

2

VLP (2.0 , 1 time)

PBS

Commercial vaccine

VLP (2.0 , 2 time)

VLP (0.2 , 1 time)

VLP (0.2 , 2 time)

Prime

Figure 4 Titers of the neutralizing antibody (NA) against the
EMCV-K3 strain in the sera of immunized swine on various
days post-vaccination. The curve of NA was obtained from the
average of two sera in each group. Arrows indicate the time of
immunization.

Jeoung et al. Virology Journal 2011, 8:170
http://www.virologyj.com/content/8/1/170

Page 4 of 5



Author details
1National Veterinary Research and Quarantine Service, Anyang, Gyeonggi-do,
430-824. Republic of Korea. 2Department of Genetic Engineering, School of
Life Sciences and Biotechnology, Kyungpook National University, 1370 San-
Kyuk-dong, Daegu 702-701, Republic of Korea. 3Choongang Vaccine
Laboratory, Daejeon, 305-348, Republic of Korea.

Authors’ contributions
HYJ, WHL, and DJA participated in the design and conducted the majority
of the experiment the study and drafted the manuscript. WSJ and HWC
performed swine experiments and analyses of data. BHS and HSL performed
mice experiments and analyses of data. All authors read and approved the
final manuscript.

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

Received: 13 December 2010 Accepted: 15 April 2011
Published: 15 April 2011

References
1. Palmenberg AC, Kirby EM, Janda MR, Drake NL, Duke GM, Potratz KF,

Collett MS: The nucleotide and deduced amino acid sequences of the
encephalomyocarditis viral polyprotein coding region. Nucleic Acids Res
1984, 12:2969-2985.

2. Koenen F, De Clercq K, Lefebvre J, Strobbe R: Reproductive failure in sows
following experimental infection with a Belgian EMCV isolate. Vet
Microbiol 1994, 39:111-116.

3. Billinis C, Paschaleri-Papadopoulou E, Psychas V, Vlemmas J, Leontides S,
Koumbati M, Kyriakis SC, Papadopoulos O: Persistence of
encephalomyocarditis virus (EMCV) infection in piglets. Vet Microbiol
1999, 70:171-177.

4. 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.

5. Hunter P, Swanepoel SP, Esterhuysen JJ, Raath JP, Bengis RG, van der
Lugt JJ: The efficacy of an experimental oil-adjuvanted
encephalomyocarditis vaccine in elephants, mice and pigs. Vaccine 1998,
16:55-61.

6. Huneke RB, Michaels MG, Kaufman CL, Ildstad ST: Antibody response in
baboons (Papio cynocephalus anubis) to a commercially available
encephalomyocarditis virus vaccine. Lab Anim Sci 1998, 48:526-528.

7. Jeoung HY, Lee WH, Jeong W, Ko YJ, Choi CU, An DJ: Immune responses
and expression of the virus-like particle antigen of the porcine
encephalomyocarditis virus. Res Vet Sci 89:295-300.

8. Noad R, Roy P: Virus-like particles as immunogens. Trends Microbiol 2003,
11:438-444.

9. Schirmbeck R, Bohm W, Reimann J: Virus-like particles induce MHC class I-
restricted T-cell responses. Lessons learned from the hepatitis B small
surface antigen. Intervirology 1996, 39:111-119.

10. Rueda P, Martinez-Torrecuadrada JL, Sarraseca J, Sedlik C, del Barrio M,
Hurtado A, Leclerc C, Casal JI: Engineering parvovirus-like particles for the
induction of B-cell, CD4(+) and CTL responses. Vaccine 1999, 18:325-332.

11. Ball JM, Graham DY, Opekun AR, Gilger MA, Guerrero RA, Estes MK:
Recombinant Norwalk virus-like particles given orally to volunteers:
phase I study. Gastroenterology 1999, 117:40-48.

12. Roy P: Use of baculovirus expression vectors: development of diagnostic
reagents, vaccines and morphological counterparts of bluetongue virus.
FEMS Microbiol Immunol 1990, 2:223-234.

13. Laurent S, Vautherot JF, Madelaine MF, Le Gall G, Rasschaert D:
Recombinant rabbit hemorrhagic disease virus capsid protein expressed
in baculovirus self-assembles into viruslike particles and induces
protection. J Virol 1994, 68:6794-6798.

14. Mortola E, Roy P: Efficient assembly and release of SARS coronavirus-like
particles by a heterologous expression system. FEBS Lett 2004,
576:174-178.

15. Belliot G, Noel JS, Li JF, Seto Y, Humphrey CD, Ando T, Glass RI, Monroe SS:
Characterization of capsid genes, expressed in the baculovirus system,
of three new genetically distinct strains of “Norwalk-like viruses”. J Clin
Microbiol 2001, 39:4288-4295.

16. Antonis AF, Bruschke CJ, Rueda P, Maranga L, Casal JI, Vela C, Hilgers LA,
Belt PB, Weerdmeester K, Carrondo MJ, Langeveld JP: A novel recombinant
virus-like particle vaccine for prevention of porcine parvovirus-induced
reproductive failure. Vaccine 2006, 24:5481-5490.

17. An DJ, Jeong W, Jeoung HY, Yoon SH, Kim HJ, Choi CU, Park BK:
Encephalomyocarditis in Korea: serological survey in pigs and
phylogenetic analysis of two historical isolates. Vet Microbiol 2009,
137:37-44.

18. Bellier B, Huret C, Miyalou M, Desjardins D, Frenkiel MP, Despres P, Tangy F,
Dalba C, Klatzmann D: DNA vaccines expressing retrovirus-like particles
are efficient immunogens to induce neutralizing antibodies. Vaccine
2009, 27:5772-5780.

19. Luckow VA, Summers MD: High level expression of nonfused foreign
genes with Autographa californica nuclear polyhedrosis virus expression
vectors. Virology 1989, 170:31-39.

20. Hu YC, Hsu JT, Huang JH, Ho MS, Ho YC: Formation of enterovirus-like
particle aggregates by recombinant baculoviruses co-expressing P1 and
3CD in insect cells. Biotechnol Lett 2003, 25:919-925.

21. Ansardi DC, Porter DC, Morrow CD: Coinfection with recombinant vaccinia
viruses expressing poliovirus P1 and P3 proteins results in polyprotein
processing and formation of empty capsid structures. J Virol 1991,
65:2088-2092.

22. Cao Y, Lu Z, Sun J, Bai X, Sun P, Bao H, Chen Y, Guo J, Li D, Liu X, Liu Z:
Synthesis of empty capsid-like particles of Asia I foot-and-mouth disease
virus in insect cells and their immunogenicity in guinea pigs. Vet
Microbiol 2009, 137:10-17.

23. Chen Z, Guo X, Ge X, Jia H, Yang H: Protective immune response in mice
vaccinated with a recombinant adenovirus containing capsid precursor
polypeptide P1, nonstructural protein 2A and 3C protease genes
(P12A3C) of encephalomyocarditis virus. Vaccine 2008, 26:573-580.

24. Ko YJ, Choi KS, Nah JJ, Paton DJ, Oem JK, Wilsden G, Kang SY, Jo NI,
Lee JH, Kim JH, et al: Noninfectious virus-like particle antigen for
detection of swine vesicular disease virus antibodies in pigs by enzyme-
linked immunosorbent assay. Clin Diagn Lab Immunol 2005, 12:922-929.

25. Chung YC, Ho MS, Wu JC, Chen WJ, Huang JH, Chou ST, Hu YC:
Immunization with virus-like particles of enterovirus 71 elicits potent
immune responses and protects mice against lethal challenge. Vaccine
2008, 26:1855-1862.

26. Jin H, Xiao W, Xiao C, Yu Y, Kang Y, Du X, Wei X, Wang B: Protective
immune responses against foot-and-mouth disease virus by vaccination
with a DNA vaccine expressing virus-like particles. Viral Immunol 2007,
20:429-440.

27. Pushko P, Tumpey TM, Bu F, Knell J, Robinson R, Smith G: Influenza virus-
like particles comprised of the HA, NA, and M1 proteins of H9N2
influenza virus induce protective immune responses in BALB/c mice.
Vaccine 2005, 23:5751-5759.

28. Paliard X, Liu Y, Wagner R, Wolf H, Baenziger J, Walker CM: Priming of
strong, broad, and long-lived HIV type 1 p55gag-specific CD8+ cytotoxic
T cells after administration of a virus-like particle vaccine in rhesus
macaques. AIDS Res Hum Retroviruses 2000, 16:273-282.

29. Fromantin C, Jamot B, Cohen J, Piroth L, Pothier P, Kohli E: Rotavirus 2/6
virus-like particles administered intranasally in mice, with or without the
mucosal adjuvants cholera toxin and Escherichia coli heat-labile toxin,
induce a Th1/Th2-like immune response. J Virol 2001, 75:11010-11016.

30. McLelland DJ, Kirkland PD, Rose KA, Dixon RJ, Smith N: Serologic responses
of Barbary sheep (Ammotragus lervia), Indian antelope (Antilope
cervicapra), wallaroos (Macropus robustus), and chimpanzees (Pan
troglodytes) to an inactivated encephalomyocarditis virus vaccine. J Zoo
Wildl Med 2005, 36:69-73.

31. Osorio JE, Hubbard GB, Soike KF, Girard M, van der Werf S, Moulin JC,
Palmenberg AC: Protection of non-murine mammals against
encephalomyocarditis virus using a genetically engineered Mengo virus.
Vaccine 1996, 14:155-161.

doi:10.1186/1743-422X-8-170
Cite this article as: Jeoung et al.: Immunogenicity and safety of virus-
like particle of the porcine encephalomyocarditis virus in pig. Virology
Journal 2011 8:170.

Jeoung et al. Virology Journal 2011, 8:170
http://www.virologyj.com/content/8/1/170

Page 5 of 5

http://www.ncbi.nlm.nih.gov/pubmed/6324136?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6324136?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8203116?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8203116?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10596801?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10596801?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16336922?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16336922?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16336922?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9607009?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9607009?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10090069?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10090069?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10090069?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20378136?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20378136?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20378136?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/13678860?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8957677?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8957677?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8957677?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10506659?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10506659?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10381908?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10381908?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2178355?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2178355?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8084017?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8084017?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8084017?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15474033?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15474033?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11724834?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11724834?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16730104?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16730104?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16730104?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19200668?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19200668?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19656495?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19656495?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2497580?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2497580?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2497580?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12889824?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12889824?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12889824?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1848318?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1848318?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1848318?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19167843?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19167843?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18162265?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18162265?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18162265?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18162265?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16085909?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16085909?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16085909?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18329759?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18329759?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17931113?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17931113?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17931113?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16143432?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16143432?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16143432?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10710215?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10710215?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10710215?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10710215?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11602741?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11602741?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11602741?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11602741?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17315459?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17315459?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17315459?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17315459?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8852413?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8852413?dopt=Abstract

	Abstract
	Background
	Results
	Conclusion

	Background
	2. Materials and methods
	2.1. Viruses, cells and antibodies
	2.2. Construction of recombinant baculovirus transfer vectors and generation of recombinant baculovirus
	2.3. Expression of recombinant proteins
	2.4. Morphology of VLPs
	2.5. Animal experiments
	2.6. Statistics analysis

	3. Results
	3.1. Expression and identification of VLPs in vitro
	3.2. Analysis of VLP morphology
	3.3. Seroconversion and protection of immunized mice
	3.4. Safety and immunity in swine

	4. Discussion

	Acknowledgements
	Author details
	Authors' contributions
	Competing interests
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 500
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 500
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


