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Abstract | Infectious bursal disease (IBD) virus-like particles (VLPs) comprising only viral capsid
proteins mimic the naive configuration of authentic IBD virus particles. The VLPs show intrinsic
immunogenicity and a high safety profile. Thus, VLPs are considered one of the most promising ap-
proaches to vaccine development and are an alternative to inactivated IBD vaccines. In addition, VLP
technology has many applications. This paper reviews the potential of VLPs as an alternative to IBD

vaccines, along with their specific applications in the field.
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Introduction

Infectious bursal disease (IBD) is a viral disease of
poultry that has marked economic repercussions
for the industry due to severe immunosuppression
and high fatality rates. Infectious bursal disease virus
(IBDV) is the causative agent of the disease, which
causes aggressive destruction of immature B lympho-
cytes in the lymphoid organs, in particular the bursa
of Fabricus (BF), in young chickens. Thus, IBDV in-
tection leads to immune dysfunction, which in turn
results in increased susceptibility to secondary infec-
tions and a reduced response to subsequent vaccina-
tion against other pathogens. Severe clinical mani-
testations and high mortality often occur in chickens
infected with virulent IBDV between 3 and 6 weeks
of age. Chickens infected at less than 3 weeks of age
generally suffer severe immunosuppression without
any clinical signs (Eterradossi and Saif, 2013).

IBDV belongs to the genus Avibirnavirus within the
tamily Birnaviridae. It possesses a genome compris-
ing two segments of double-stranded RNA (A and
B). Segment A contains two overlapping open read-
ing frames (ORFs): the smaller is named A2 and the
larger A1. ORF A2 encodes a nonstructural protein
(VP5), while ORF A1 encodes a precursor polypro-
tein (PP) that is self-cleaved by the viral encoded pro-
tease VP4 to yield three individual VPs: pVP2 (pre-
cursor VP2), VP3, and VP4. pVP2 is further cleaved
to yield mature VP2. VP2 and VP3 induce protective
immunity in chickens. Genome segment B encodes
VP1, which has RNA-dependent RNA polymerase
activity (Jackwood, 2013).

Most countries worldwide have suffered IBD out-
breaks in young chickens due to virulent IBDVs or
antigenic variants thereof. Vaccinating poultry against
IBDV is common practice to prevent economic losses.
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'The vaccination strategy for containing the spread of
IBDV is based on live attenuated and/or inactivated,
or recombinant, vaccines. Traditionally, young chick-
ens born in highly immunized parent flocks receive
anti-IBDV from the mother. This passive immunity
protects them from virulent IBDV infection during
the first few weeks after hatching (Miller et al., 2012).

Recently, various protein expression systems, includ-
ing E. coli, yeast, adenovirus, fowl pox virus, baculovi-
rus, vaccinia virus, herpesvirus, and even plants, have
been used to produce recombinant subunit vaccines
based on IBDV VP2 (Miiller et al., 2012). Anoth-
er strategy for developing novel vaccines is to create
virus-like particles (VLPs) comprising recombinant
viral structural proteins but lacking the viral genome.
VLPs mimic the naive configuration of IBDV (Lee et
al., 2015).

This review discusses the current knowledge about
VLP vaccine development, as well as their potential
application as alternatives to the commercial IBDV
vaccines used by the poultry industry.

Current VLP strategies

Of all the IBDV structural proteins, VP2 and VP3 are
important components of the viral capsid. The capsid
is formed via self-assembly of both of these proteins
in infected cells. Thus, expression of recombinant VLP
proteins is based on the self-assembly of both VP2

and VP3 proteins upon expression in different vectors.

The first approach to VLP production uses recom-
binant baculovirus (Chevalier et al., 2002; Kibenge
et al.,, 1999; Vakharia et al., 1993) or vaccinia virus
(Ferndndez-Arias et al., 1998) to inducibly express
the full-length or partial genome segment A of IBDV.
This strategy is based on the fact that the PP is prote-
olytically processed to yield the pVP2, VP3, and VP4
structural proteins, with subsequent processing of
pVP2 to yield mature VP2. The VP2, VP3, and VP4
proteins then self-assemble into icosahedral VLPs.
In some cases, the structural proteins self-assemble
to form VLPs without further processing of pVP2 to
VP2 (Martinez-Torrecuadrada et al., 2003). Further
studies demonstrated that expression of the wild-type
polyprotein led to the formation of type I tubes rather
than VLPs unless the five C-terminal residues were
removed from VP3 (Chevalier et al., 2004).

Lee et al. (2015) developed a novel VLP strategy

based on bi-directional co-expression of the PP and
the viral protease, VP4, by a recombinant baculovirus
carrying both segment A and the VP4 gene; the idea
was to increase the efficiency of VLP assembly. West-
ern blot analysis revealed that the yields of VP2 and
VP3 were greater when VP4 was co-expressed with
PP. Therefore, additional expression of VP4 appears to
improve the yield of both VP2 and VP3 by increasing
proteolytic activity. In particular, high expression of
recombinant VP3, which is crucial for VLP forma-
tion, appears to have a positive impact on VLP forma-
tion. This in turn leads to increasingly efficient VLP
formation.

Another type of VLP technology involves co-expres-
sion of two separate structural proteins, pVP2 (or
VP2) and VP3, by co-infection of insect cells with
two different recombinant baculoviruses (Jackwood
et al., 2013; Martinez-Torrecuadrada et al., 2003;
Ona et al., 2004). Although co-expression of the two
separate structural proteins (pVP2 and VP3) in in-
tected cells was successful, precise adjustment of the
multiplicity of infection for both viruses was required
for efficient VLP assembly (Hu et al., 2001). Further
studies on co-expression of pVP2 (or VP2) and VP3
by a single recombinant baculovirus generated using a
dual expression vector are needed.

VLPs are potential alternative IBDV vaccines

'The major neutralizing sites within IBDV are in VP2;
however, the sites are mainly conformation-depend-
ent. The antigenic structure of the recombinant VP2
protein tends to vary according to the expression sys-
tem employed; this has a marked effect on the gener-
ation of protective immunity in vaccinated chickens
(Martinez-Torrecuadrada et al., 2003). Subunit vac-
cines based on recombinant VP2 alone fail to match
the levels of protection induced by immunization
with an inactivated IBDV vaccine (Fernindez-Arias
et al., 1998).

Recently, Lee et al. (2015) and Jackwood (2013)
demonstrated that VLPs elicit a strong humoral im-
mune response and provide satisfactory protection
against IBDV in specific pathogen-free chickens. In
particular, the protective immunity induced by VLP
vaccines administered in the Montanide ISA70 adju-
vant was comparable with that induced by a commer-
cial inactivated vaccine administered in an oil-emul-
sion (Lee et al., 2015), indicating that the former may
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be a potential alternative to oil-emulsion inactivated
IBDV vaccines. If so, VLPs may be a major alternative
to conventional IBDV vaccines.

Recombinant VLP vaccines have several advantages
over conventional IBDV vaccines in terms of prepa-
ration. Currently, oil-emulsion inactivated IBDV vac-
cines are manufactured using large amounts of IBDV
extracted from BF tissues from chickens infected
with virulent strains of IBDV. This is why BF-derived
IBDV antigens are thought to be more immunogen-
ic than IBDV antigens derived from chicken eggs.
However, preparation of IBDV vaccines requires
handling of highly contagious virus and the inactiva-
tion of infectious viral antigens using bio-hazardous
chemicals such as binary ethyleneimine. Important-
ly, this process is both time-consuming and labor in-
tensive because it requires the use of large numbers
of IBDV-free chickens and must be carried out in
bio-secure animal facilities. This has a negative impact
on both animal welfare and vaccine production costs.
VLP vaccines overcome these limitations because they
are noninfectious and can be readily prepared in cell
culture facilities available within most laboratories.

One important point regarding the efficacy of IBD
vaccines is the yield of vaccine antigen produced dur-
ing preparation. The yield of VLP antigens required to
provide protection against IBD is unclear. VLP anti-
gens can be mono-valent or incorporated into a mul-
tivalent poultry vaccine, especially for use in breeder
flocks. Jackwood (2013) demonstrated that vaccina-
tion with 0.1 ml of insect cell culture containing VLPs
provided complete protection against IBDV. Lee et
al. (2015) demonstrated that co-expression of PP and
VP4 by a single recombinant baculovirus in insect cell
cultures generated enough VLPs to construct a mul-
tivalent poultry vaccine. Nevertheless, further studies
should compare the cost-effectiveness of VLP pro-
duction with that of inactivated IBDV vaccines.

In the field, the efficacy of passive immunity in young
chicks depends on the titer and uniformity of mater-
nal-derived antibodies (IMDAs), the success of IBDV
vaccination, or exposure to wild-type virus. In particu-
lar, MDA uniformity is critical for the development
of an optimal live attenuated IBDV-based vaccination
program in young chicks. In the field, many flocks are
subjected to inefficient vaccination programs due to
poor MDA uniformity (e.g., a coeflicient of variation

>80%). Lee et al. (2015) reported that, within a flock,

VLP vaccines induce more uniform antibody titers
than a commercial inactivated IBDV vaccine. Thus,
chicken within breeder flocks vaccinated with a VLP
vaccine will endow their offspring with more uniform
MDA titers, which would in turn facilitate optimal
timing of IBD vaccination in young flocks.

IBD VLPs have various applications in the field

In the field, VLP technology can be applied in several
ways to protect against IBDV. A current field virus
can be used as the source of genetic material from
which VLPs can be derived; thus, the antigenic struc-
ture of VLPs more likely resembles that of vwIBDV
or IBDV antigenic variant than that of the current
vaccine strain. Thus, VLP vaccine technology might
lead to the development of tailor-made IBD vaccines
that are homologous with field viruses responsible
for IBD outbreaks (Lee et al., 2015). Vaccination of
Beeder flocks with such VLPs could provide progeny
chicks with effective protection via MDAs.

Modification of traditional VLP production meth-
ods means that a multivalent VLP vaccine contain-
ing VLPs derived from several types of IBDV can be
generated. Jackwood (2013) developed a multivalent
VLP vaccine comprising several VLPs; VLPs were
produced in insect cells co-infected with a mixture of
two different recombinant baculoviruses (containing
both classic and variant pVP2 genes) and a recom-
binant baculovirus expressing VP3. Chickens vacci-
nated with the multivalent VLPs were protected from
virulent variant and classical strains of IBDV. This
indicates that multivalent VLP vaccines might be an
effective tool for preventing IBD in regions in which
classical virulent and antigenic variants are co-circu-
lating.

IBD VLPs can also serve as marker vaccines to control
IBD in conjunction with a diagnostic test that enables
serological differentiation between vaccinated and in-
fected animals (DIVA). Because IBD is endemic in
most countries, VLP marker vaccines should be used
prophylactically on farms or in regions that are free
from IBD. Importantly, since currently available di-
agnostic tests are based on whole viral antigens or on
the VP2 antigen, they cannot difterentiate the VLP
vaccine from field viruses. Thus, it is essential that we
develop diagnostic tests that can make this differen-
tiation if VLP vaccines are to be used as marker vac-
cines.
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Lastly, chimeric IBD VLPs can be generated by in-
serting foreign protective epitopes into viral structural
proteins. VLPs generally induce both B cell- and T
cell-mediated immune responses (Miiller et al., 2012),
which induce protective immunity against foreign
pathogens via the presentation of foreign epitopes, or
via an adjuvant effect (Liu et al., 2012). Such chimer-
ic IBD VLPs have been developed against influenza
virus (Pascal et al., 2016) and human papillomavirus

type 16 (Martin Caballero et al., 2012).

In conclusion, VLPs mimicking naive IBDV particles
are potential alternatives to IBDV vaccines and have
various applications in the field. However, VLP tech-
nology has some limitations that need to be overcome
by improving the yield of VLPs and developing a suit-
able DIVA diagnostic assay.

References

*  Chevalier, C., Lepault, J., Erk, I., Da Costa, B.,
Delmas, B. The maturation process of pVP2 re-
quires assembly of infectious bursal disease virus
capsids. Journal of Virology, 2002;76(5):2384-
2392. http://dx.doi.org/10.1128/jvi.76.5.2384-
2392.2002

* Chevalier, C., Lepault, J., Da Costa, B., Del-
mas, B. The last C-terminal residue of VP3,
glutamic acid 257, controls capsid assembly of
infectious bursal disease virus. Journal of Vi-
rology, 2004;78(7):3296-3303.  http://dx.doi.
org/10.1128/JV1.78.7.3296-3303.2004

* Eterradossi, N., Saif, Y. M., 2013: Infectious bur-
sal disease. In: Swayne, D. E., Glisson, J. R., Mc-
Dougald, L. R., Nolan, L. K., Suarez, D. L., Nair,
V (eds), Diseases of poultry, 13* edn. pp219-246.
Wiley-Blackwell, USA.

* Fernindez-Arias, A., Risco, C., Martinez, S., Al-
bar, J. P,, Rodriguez, ]. F. Expression of ORF A1l
of infectious bursal disease virus results in the for-
mation of virus-like particles. Journal of Gener-
al Virology, 1998;79 (5):1047-54. http://dx.doi.
org/10.1099/0022-1317-79-5-1047

* Hu,Y. C,, Bentley, W. E. Effect of MOI ratio on
the composition and yield of chimeric infectious
bursal disease virus-like particles by baculovirus
co-infection: deterministic predictions and exper-
imental results. Biotechnology and Bioengineer-
ing, 2001, 75:104-119. http://dx.doi.org/10.1002/
bit.1170

» Jackwood, D. J. Multivalent virus-like-particle

vaccine protects against classic and variant infec-
tious bursal disease viruses. Avian Diseases, 2013;
57:41-50. http://dx.doi.org/10.1637/10312-
080212-Reg.1

Kibenge, F. S., Qian, B., Nagy, E., Cleghorn, J.
R., Wadowska, D. Formation of virus-like parti-
cles when the polyprotein gene (segment A) of
infectious bursal disease virus is expressed in in-
sect cells. Candian Journal of Veterinary Research,
1999;63(1):49-55.

Lee, H.].,Kim, J. Y., Kye, S.]., Seul, H. J., Jung, S.
C., Choi, K.S. Efficient self-assembly and protec-
tive efficacy of infectious bursal disease virus-like
particles by a recombinant baculovirus co-express-
ing precursor polyprotein and VP4. Virololgy
Jornal, 2015;12:177. http://dx.doi.org/10.1186/
$12985-015-0403-4

Liu, F, Ge, S, Li, L., Wu, X,, Liu, Z., Wang, Z.
Virus-like particles: potential veterinary vaccine
immunogens.Research in Veterinary Science,
2012;93(2):553-559. http://dx.doi.org/10.1016/].
rvsc.2011.10.018

Martin Caballero, J., Garzén, A., Gonzilez-Cin-
tado, L., Kowalczyk, W., Jimenez Torres, I.,
Calderita, G., Rodriguez, M., Gondar, V., Ber-
nal,].]., Ardavin, C., Andreu, D., Ziircher, T., von
Kobbe, C. Chimeric infectious bursal disease vi-
rus-like particles as potent vaccines for eradica-
tion of established HPV-16 E7-dependent tum-
ors. PLoS One, 2012;7(12):e52976. http://dx.doi.
org/10.1371/journal.pone.0052976
Martinez-Torrecuadrada, J. L., Saubi, N., Pag-
es-Mante, A., Caston, J. R., Espuna, E., Casal,
J. I. Structure-dependent efficacy of infectious
bursal disease virus (IBDV) recombinant vac-
cines. Vaccine, 2003; 21:1952-1960. http://dx.doi.
org/10.1016/50264-410X(02)00804-6

Miiller, H., Mundt, E., Eterradossi, N., Islam,
M.R. Current status of vaccines against infectious
bursal disease. Avian Pathology, 2012; 41:133-
139. http://dx.doi.org/10.1080/03079457.2012.6
61403

Ona, A., Luque, D., Abaitua, F., Maraver, A., Cas-
ton, J.R., Rodriguez, J. F. The C-terminal domain
of the pVP2 precursor is essential for the interac-
tion between VP2 and VP3, the capsid polypep-
tides of infectious bursal disease virus. Virology,
2004; 322:135-142. http://dx.doi.org/10.1016/j.
virol.2004.01.025

Pascual, E., Mata, C. P., Gémez-Blanco, J., More-
no, N., Bércena, J., Blanco, E., Rodriguez-Frand-

February 2016 | Volume 3 | Issue 1 | Page 4

::g'Smil_hl & Franklin
... Acathmic |||!||M||5g(4¢ll.p.\'u\lum


http://dx.doi.org/10.1128/jvi.76.5.2384-2392.2002
http://dx.doi.org/10.1128/jvi.76.5.2384-2392.2002
http://dx.doi.org/10.1128/JVI.78.7.3296-3303.2004
http://dx.doi.org/10.1128/JVI.78.7.3296-3303.2004
http://dx.doi.org/10.1099/0022-1317-79-5-1047
http://dx.doi.org/10.1099/0022-1317-79-5-1047
http://dx.doi.org/10.1002/bit.1170
http://dx.doi.org/10.1002/bit.1170
http://dx.doi.org/10.1637/10312-080212-Reg.1
http://dx.doi.org/10.1637/10312-080212-Reg.1
http://dx.doi.org/10.1186/s12985-015-0403-4
http://dx.doi.org/10.1186/s12985-015-0403-4
http://dx.doi.org/10.1016/j.rvsc.2011.10.018
http://dx.doi.org/10.1016/j.rvsc.2011.10.018
http://dx.doi.org/10.1371/journal.pone.0052976
http://dx.doi.org/10.1371/journal.pone.0052976
http://dx.doi.org/10.1016/S0264-410X(02)00804-6
http://dx.doi.org/10.1016/S0264-410X(02)00804-6
http://dx.doi.org/10.1080/03079457.2012.661403
http://dx.doi.org/10.1080/03079457.2012.661403
http://dx.doi.org/10.1016/j.virol.2004.01.025
http://dx.doi.org/10.1016/j.virol.2004.01.025

OPEN 8ACCESS

British Journal of Virology

sen, A., Nieto, A., Carrascosa, J.L., Castén, J.R.
Structural basis for the development of avian virus
capsids that display influenza virus proteins and
induce protective immunity. Jornal of Virology,
2015;89(5):2563-74. http://dx.doi.org/10.1128/
JV1.03025-14

» Vakharia, V.N,, Snyder, D. B, He, J., Edwards, G.

H., Savage, P. K. Mengel-Whereat S. A. Infectious
bursal disease virus structural proteins expressed
in a baculovirus recombinant confer protection in
chickens. Journal of General Virology, 1993;74
(6):1201-1206. http://dx.doi.org/10.1099/0022-
1317-74-6-1201

February 2016 | Volume 3 | Issue 1 | Page 5

:2.‘, Smith & Franklin
PEE| e Publidieg Copeeation


http://dx.doi.org/10.1128/JVI.03025-14
http://dx.doi.org/10.1128/JVI.03025-14
http://dx.doi.org/10.1099/0022-1317-74-6-1201
http://dx.doi.org/10.1099/0022-1317-74-6-1201

