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Virus receptors are simplistically defined as cell surface molecules that mediate binding (attachment,
adsorption) and/or trigger membrane fusion or entry through other processes. Infectious bursal disease
virus (IBDV) entry into host cells occurs by recognition of specific cellular receptor(s) with viral
envelope glycoprotein, which comprises the initial and key step of infection. Infection can be inhibited
by blockage of the process. So the interest in receptors has been stimulated in large part by the
potential in the application of developing substances that show directed blocking activity. While for the
purpose one should know which host cell and viral molecules are involved in the reciprocal recognition
and interaction leading to the virus entry into the cell. Here, the review presents the currently available
knowledge regarding the receptors or molecules that interact with IBDV.
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INTRODUTION

Infectious bursal disease virus (IBDV), a member of the
genus Avibirnavirus of the family Birnaviridae is the
causative agent of infectious bursal disease (Giambrone
et al.,1977), a highly contagious immunosuppressive
disease which causes substantial economic losses in
commercial broiler production worldwide (Balamurugan
and Kataria, 2006; Thierry and Van Den, 2000). Turkeys,
ducks, and ostriches are susceptible to IBDV infection but
resistant to clinical disease (Lukert and Saif, 1997;
Oladele et al., 2008).

Two serotypes of IBDV (1 and 2) are described,
distinguished by cross-virus neutralization test (Jackwood
et al., 1985). IBDV strains of serotype 1 are pathogenic
only in chickens (Oladele et al., 2008), and further
classified as classical virulent IBDV (cvIBDV), very
virulent IBDV (vvIBDV), antigenic variant IBDV (avIBDV)
and attenuated IBDV (atIBDV) (Den Berg et al., 2004).
Whereas, strains of serotype 2 are naturally avirulent for
chickens (Cummings et al., 1986; Ismail et al., 1988).
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IBDV field isolates mainly infect and destroy actively
dividing IgM-bearing B cells in the bursa of Fabricius (BF)
and other locations (Hirai et al., 1981; Rodenberg and
Sharma, 1994). While recent data show that the virus
also infects and replicates in macrophages (Khatri et al.,
2005; Kim et al., 1998; Palmquist et al., 2006; Khatri et
al., 2008). Additionally, IBDV can also replicate in chick
embryo fibroblast cells (CEF) (Yamaguchi et al.,1996),
Vero cells (Kwon and Kim, 2004), DF-1 cells (a
spontaneously immortalized cell line derived from primary
CEF) (Lin et al., 2007), LSCC-BKS cells (a bursal-derived
lymphoblastoid cell line) (Ogawa et al.,1998) and DT40
cells (an avian leukosis virus-induced chicken B cell line)
(Terasaki et al., 2008). VvIBDVs cannot be propagated
directly in tissue cultures but the virus can adapt to the
tissue cultures by serial blind passages and become
attenuated (Muller et al., 1986).

Glycoprotein VP2 trimers from IBDV constitute the
external surface of the mature virus capsid, containing
the antigenic regions responsible for elicitation of
neutralizing antibodies (Birghan et al., 2000; Fahey et al.,
1989). Based on the atomic structure of the viral particles
(Coulibaly et al., 2005) the external domain of the VP2
trimers exists as ‘protrusions’ on the capsid surface and
is believed to be responsible for receptor binding. That



glycoprotein VP2, responsible for the recognition of
corresponding receptor, has been certificated in Vero
cells on the molecular level (Yip et al., 2007).

IBDV cell tropism may be correlated with the receptors
or coreceptors required in different cells, indicating the
complexity of studying IBDV receptor(s). Here we mainly
review the knowledge on receptors for IBDV attachment
to B lymphocytes, CEF, and Vero cells.

THE RELATION BETWEEN Silg M AND THE
CANDIDATE RECEPTOR ON B LYMPHOCYTES

Immature surface immunoglobulin M (SIgM) - bearing B
lymphocytes is the target cell for infection. Hirai and
Calnek (1979) investigated the susceptibility of chicken
lymphocytes in vitro to a strain of vvIBDV by using
immunofluorescence assay. They found that all of the
thymus-derived lymphoblastoid cell (T-cell) lines were
refractory to virus exposure. However, a bursal-derived
lymphoblastoid cell (B-cell) line from an avian leukosis
virus-induced tumor was highly susceptible. The virus
also replicated in a small percentage of normal lympho-
cytes prepared from lymphoid tissues and peripheral
blood of chickens. Pretreatment of the lymphocytes, with
heat-inactivated serum either against B cell or against
fowl immunoglobulin M before IBDV inoculation can block
infection; while no inhibition occurred with the serum
against T cell, fowl immunoglobulin G and immunoglo-
bulin A. This suggests that SigM-bearing B lymphocytes
were the target cells for infection, and the IBDV receptor
was specifically present on the SlgM-bearing B
lymphocyte. It is possible that the SigM molecule itself is
the candidate receptor for the virulent IBDV.

Additionally, Ogawa (1998) studied the binding of
biotinylated IBDV of highly virulent OKYM strain to
various cells using flow cytometry assay. They found that
vvIBDV bound to more than 90% of LSCC-BKS cells, and
also 94% of BF lymphocytes. This result confirmed that B
lymphocytes were the target cells for virulent IBDV
infection (Hirai et al., 1979). Using two-color fluorescence
assay, they also examined the relationship between virus
binding and SIgM expression. The data showed that
IBDV binding was observed in 89-100% of total SlgM
bearing lymphocytes but IBDV binding was also observed

in the remaining 2~21% of SlgM-negative cells.

Interestingly, they found that the binding of the virus to
SlgM-bearing B lymphoblastoid cells was not inhibited by
the antibody against IgM, which is a contrast to the
observation of Hirai and Calnek (1979). However, it is
certain that a virulent IBDV infection was observed only in
cell lines expressing SlgM. We speculate that for IBDV
infection the first step, binding to the target cells is not
mediated by a single molecule and all the associated
molecules including SIgM are co-expressed to form
polymers or to sustain a certain conformation which is
crucial to mediate infection. We also speculate that SigM
is necessary as signal molecule for the processes that
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occur after virus attachment, such as penetration,
uncoating and replication. Obviously, argument exists as
to if SIgM acts as IBDV receptor. We believe that
molecular biotechnology is the one of the best methods
to resolve the matter in the latter confirmed experiments.

IBDV OF VIRULENT STRAINS AND CEF CELL-
ADAPTED STRAINS MAY RECOGNIZE DIFFERENT
MOLECULES FOR THE VIRUS INFECTION

Generally, field isolates (virulent strains) of IBDV can
directly replicate in chicken lymphocytes but not in CEF
cells (Lukert et al., 1974). With successive blind
passages in CEF (Yamaguchi et al., 1996) or Vero cells
(Kwon and Kim, 2004), the virus becomes progressively
adapted to growth in both cells. Adaptation of wild-type
IBDV, however, always seems to correlate with virulence
attenuation (Yehuda et al., 1999). With binding studies
Nieper and Mdlle (1996) found that strains of both IBDV
serotypes 1 and 2 can all bind to lymphoid B cells. With
the saturation binding studies and competition
experiments, they also found that CEF had receptors
common to both serotypes as well as specific sites for
each strain. Receptor sites common to both serotypes
were also present on lymphoid cells but an additional
serotype-specific site was only demonstrated for the
apathogenic serotype 2 strains. According to the results
we speculated that the presence of specific binding sites
could not completely determine the restriction of certain
IBDV replication to a certain target cells. And except the
binding receptors, certain molecules existing on various
cells may be helpful factor in the interaction between the
receptors and virus for the determination of cell tropism.
Virus overlay protein blotting assay (VOPBA) is a useful
method to study the interaction between virus and
receptor in vitro (Kim et al.,, 2006). Using the method
Nieper et al. (1996) and Setiyono et al. (2001) detected
the molecules showing properties of binding to IBDV
particles , which were expressed on CEF cells and
LSCC-BKS3, respectively. Nieper found that proteins with
molecular mass of 40 and 46 kDa expressed in both CEF
cells and chicken B lymphocytes could bind to the viral
particles propagated in CEF cells. While, Setiyono used a
highly virulent strain of IBDV in VOPBA assay and found
that the viral particles bind to proteins of 70, 80 and 110
KDa expressed in LSCC-BK3 cells. The genes encoding
the protein of 40, 46, 70, 80 and 110 kDa have not so far
been cloned. To study the receptors on DF-1 cells, Lin et
al. (2007) developed the monoclonal antibody against
recombinant VP2. With the monoclonal antibody and
purified recombinant VP2, by affinity chromatography
approach and mass spectrometry analysis, chicken heat
shock protein (cHsp90a) was identified as a functional
part of the receptor complex for IBDV infection in DF-1
cells. The cHsp90a interacting with IBDV was also
confirmed by VOPBA assays in vitro. This is the first
molecule identified as the putative cellular receptor com-
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plex of IBDV.

IBDV RECEPTORS ON VERO CELLS

Adapted strains of IBDV also infect Vero cells so there
must be viral binding sites on the surface of these cells.
Yip et al. (2007) studied the binding properties of different
VP2 to Vero cells. For that study, both VP2s of an
attenuated strain (D78) and a very virulent strain (HK46)
of IBDV were expressed in AD293 cells (a mammalian
cell line), generating RAVP2 and RVVP2, respectively. In
flow cytometry assy, both RAVP2 and RVVP2 are
demonstrated to bind with Vero cells while these bindings
are blocked by D78 viral particles, implying both vwIBDVs
and attenuated IBDVs bind to Vero cells through the
same receptor(s). Since vvIBDVs cannot be propagated
directly in tissue cultures, the specific binding between
RVVP2 and Vero cells confirmed the speculation that
except the binding receptors some molecules or co-
receptors lacking on the surface of Vero cells may be
another factor to determine vwIBDV cell infectivity.

THE RECEPTOR IN LSCC-BK3 CELLS WAS
IDENTIFIED TO BE AN N-GLYCOSYLATED PROTEIN

Viruses are able to utilize a wide variety of cell-surface
molecules as their receptors, including proteins,
carbohydrates, glycolipids and so on. For further charac-
terization of the IBDV receptor, Ogawa et al. (1998)
treated target cells with a variety of enzymes and
reagents to modify individual components of the plasma
membrane. Treatment of cells with proteases reduces the
binding of IBDV to the target cells, whereas, treatment
with phospholipase did not noticeably affect the binding.
These results suggested that the IBDV attachment
molecule is at least partially composed of protein.
Incubation of cells with two N-glycosylation inhibitors,
tunicamycin and swainsonine, reduced the percentage of
the cells that bound the virus. Tunicamycin also reduced
the number of virus-infected cells. Tunicamycin inhibits
the first step in N-glycosylation, but it simultaneously
affects protein synthesis and glycosylation of glycolipid.
On the other hand, swainsonine, an N-glycosylation
processing inhibitor, has no effect on protein synthesis or
glycosylation of glycolipid. Therefore, this confirmed that
inhibition of N-glycosylation directly reduced the binding
of IBDV. The results strongly suggest that the cellular
binding site for IBVD is composed of an N-glycosylated
protein.

CONCLUSIONS

IBDV is an aechaeo-virus which emerged in 1957, and
was formally documented in 1962. Progress has been
made mainly in characterizing the binding properties of

viral particles to the target cell surface molecules.
Compared with other virus, for example, human immuno-
deficiency virus, avian influenza virus, the knowledge of
virus receptor(s) or coreceptor(s) in IBDV is very poor.
Encouragingly, cHsp90a has been identified as a
component of the putative cellular receptor complex of
IBDV in DF-1 cell, but the other components of the
receptor complex are still unknown. And the molecules
allowing competent infection in B lymphocytes, chicken
macrophage, CEF and other permissive cell lines are still
needed for further investigation. It is certificated that CEF,
B lymphocytes and the other permissive cell have the
same binding site for both vwIBDV and attenuated IBDV,
while certain IBDV can only replicate in a specific kind of
cells. Apparently, more than one molecule is involved in
the process of virus attachment. But conclusive evidence
is lacking to elucidate the mechanism. It is important to
note that except the binding sites the other molecules
should be attached great importance for antiviral
substance design. The study of all the molecules is
complicated. We believe that the method of developing
the monoclonal antibodies that can inhibit virus infection
immunized with the whole target cells is validate for the
investigation of the molecules involved in the cause of
virus entry.
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