
Abstract A very virulent infectious bursal disease

virus (vvIBDV) Gx strain with high pathogenicity was

attenuated through replication in specific-pathogen

free (SPF) chicken embryos and in chicken embryo

fibroblast (CEF) cell cultures. The changes in nucle-

otide sequences and the deduced amino acid se-

quences of VP3 and VP5 genes during attenuation

were obtained. Sequence analysis of selected passages

from numbers 0 to 20 in CEF’s (designated here Gx

to CEF-20) showed that there were no amino acid

changes detected in the VP3 and VP5 genes before

CEF-9. There were some changes in the nucleotide

sequence and amino acid substitutions in the VP3 and

VP5 genes at CEF-9. CEF-9 was an intermediate with

some amino acid changes which were possibly related

to virulence. The amino acid sequences of VP2 and

VP5 genes remained unchanged from CEF-10 to

CEF-20. The results of pathogenicity test showed that

the mortalities of vvIBDV-Gx, CEF-5, CEF-8, and

CEF-9 were 64, 60, 60, and 28%, respectively, while

there were no mortalities observed for CEF-10, CEF-

15 and CEF-20. There was also no bursal atrophy

when chickens were inoculated with CEF-10, CEF-15,

and CEF-20. Virus neutralization tests with the Gx

strain and sera from inoculated chickens showed that

the antigenicity was similar from Gx to CEF-20. The

implications of these findings for the study of IBDV

virulence and a more effective control of vvIBDV are

discussed.
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Introduction

Infectious bursal disease virus (IBDV) causes a highly

contagious immunosuppressive disease in chickens by

the destruction of B cells present in the bursa of Fab-

ricius. The induced immunosuppression increases the

susceptibility to other pathogens [1]. The emergence of

very virulent IBDV (vvIBDV) in the last decade rep-

resents a new challenge for effective prevention and

control of IBD. vvIBDV is characterized by a marked

increase in virulence and high mortality rates and is

antigenically similar to classical strains even though it

can infect chickens with high levels of maternal anti-

bodies. These antibodies normally provide adequate

protection from classical IBDV strains [2]. Outbreaks

of vvIBDV threaten the poultry industry worldwide. As

a consequence, more research on the virulence of

vvIBDV is needed for developing more effective vac-

cines. Furthermore, the identification of IBDV viru-

lence markers would allow us to elucidate the

mechanism of IBDV pathogenicity, and then design

more effective vaccines against vvIBDV.

IBDV belongs to the Birnaviridae family, which is

composed of nonenveloped viruses containing double

stranded RNAs formed by two segments, segment A

(3.2 kb), and segment B (2.9 kb) [3]. The B segment
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encodes the VP1 protein, the putative viral RNA-

dependent RNA polymerase (RdRp) [4], and segment

A contains two partially overlapping open reading

frames (ORFs). The larger ORF encodes a polypro-

tein (105 kDa) precursor in the order NH2–pVP2–

VP4–VP3–COOH [5]. VP2 and VP3 are the major

structural proteins [6]. VP3 coding sequence corre-

spond to polyprotein amino acid positions 756–1012.

VP3 is a 29 kDa polypeptide that forms the trimeric

subunits that wrap the inner surface of the capsid [7].

VP3 does not contain virus-neutralizing epitopes.

Both group and serotype-specific epitopes have been

described on VP3 [8]. As with inner capsid proteins

from other viruses [9], VP3 might play a role in sta-

bilizing the genomic RNA within the particle.

According to previous experimental data, VP3 might

interact with the virus genome [10]. A recent study

suggested that assembly required screening of the

negative charges at the C terminus of VP3. The last

C-terminal residue of VP3, Glutamic acid 257, con-

trols capsid assembly of infectious bursal disease virus

[11]. The smaller ORF encodes the nonstructural viral

protein 5 (VP5) (145–149 amino acids, 17 kDa). This

plays an important role in virus egress and virulence

[12]. VP5 is dispensable for virus replication in vitro

[13], but is critical for the virus’ pathogenicity [14]. By

using both recombinant vaccinia viruses and IBDV

VP5 knockout mutants, it has been shown that VP5 is

a cytolytic protein. This protein accumulates within

the plasma membrane of infected cells and promotes

the egress of the viral progeny [12]. Since nucleotide

alignment of the highly virulent strains and attenuated

strains shows that there are changes in the sequences

of both segment A and segment B, it is likely that the

decrease of virulence can be attributed to multiple

genes.

Previously, changes of vvIBDV Gx VP2 during

attenuation have been observed [15]. Due to the po-

tential relationship between VP2, VP3 and VP5 in

virulence, the changes in vvIBDV Gx VP3 and VP5

during attenuation may also be of interest. In order to

confirm whether there were in fact any amino acid

changes in VP3 and VP5 genes after attenuation in

chicken embryo fibroblasts (CEFs) and whether these

changes were correlated with virulence, we deter-

mined the amino acid sequences of VP3 and VP5

genes of vvIBDV Gx during the attenuation process.

Viruses from selected passages were also tested in

chickens in order to verify the relationship between

the changes in genes, the virulence, pathogenicity, and

antigenicity.

Materials and methods

Virus

The vvIBDV Gx strain was isolated from the

Guangxi Province of China. The virus was prepared

according to the International Cooperation with

Developing Countries (INCO-DC) project method

[11]. The results of antigen-capture enzyme-linked

immuno-sorbent assay, pathogenicity testing, cloning,

and analysis of genes (including VP3 and VP5)

confirmed that IBDV strain Gx isolated in China

was a vvIBDV [11]. Tests also revealed that the

deduced amino acid sequences of strain Gx VP3

and VP5 were similar to vvIBDV UK661, which is

now considered the reference strain for European

vvIBDVs.

SPF chickens and SPF embryos

White Leghorn SPF chickens and SPF embryos were

provided by the SPF Animal Center of Harbin Veter-

inary Research Institute of the Chinese Academy of

Agricultural Sciences. All chickens were held in neg-

ative pressure isolators during the course of the

experiment.

Virus adaptation and attenuation

The vvIBDV Gx strain was blind passaged five times

in chorioallantoic membranes (CAMs) of 10-day-old

SPF eggs with 0.1 ml/egg dose. The embryo-adapted

vvIBDV Gx strain was purified by plaque purifying.

Confluent monolayers of CEF cell were cultured in

Dulbecco modified Eagle medium. A volume of

0.5 ml of 10-fold serial dilutions of embryo-adapted

vvIBDV Gx strain was absorbed onto the monolay-

ers at 37�C for 60 min. The cultures were overlaid

with maintenance medium containing 1.0% Nobel

agar (Difco, Detroit, Mich.). Two days post-inocula-

tion, agarose containing 0.05% neutral red was again

overlaid. After one day, a single viral clone was

inoculated into CEF cells. The virus-inoculated cells

were incubated at 37�C for 72–96 h. By this time, the

extent of the cytopathic effect developed was

approximately 70%. The cells were then harvested

for the next inoculation, and further passages in CEF

were carried out in a similar manner, until 20 pas-

sages (CEF-1 to CEF-20) were completed. This work

was performed in a special lab that had never housed

any other IBDV strain.
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Purification of viral dsRNA

After being frozen and thawed three times, cell

culture-adapted virus strains were harvested from the

supernatants by centrifugation at 11,800 g for 30 min

at 4�C. Virus purification was conducted by ultra-

centrifugation at 94,500 g for 3 h, and viral particles

were resuspended in TNE buffer (0.01 M Tris–Cl,

0.1 M NaCl, 0.01 M EDTA, pH 7.6). Extraction of

the viral RNA was conducted using TRIzol� Re-

agents (Invitrogen Life Technologies, Inc., UK)

according to the manufacturer’s instructions. All cell

culture-adapted strains were treated in the same

manner.

Reverse transcription polymerase chain reaction

(RT-PCR)

With reference to the sequences of vvIBDV UK661

strain and attenuated IBDV P2 strain published in

GenBank (accession number X92760 and X84034),

two pairs of primers were designed by using the

OLIGO 6.0 software (Table 1). The P1 and P2 pri-

mer sequences for amplification of VP5 gene con-

tained an EcoRI site. The P3 and P4 primer

sequences for amplification of VP3 gene contained

an XbaI site. The expected sizes of the PCR prod-

ucts were 449 and 939 bp, respectively. RT-PCR was

performed as described previously [6]. In order to

avoid interactive contamination, the biological re-

agents were divided into disposable doses and the

RT-PCRs of different passages were performed

independently.

Subcloning of VP3 and VP5 genes

The VP3 and VP5 PCR products were separated on a

1% agarose gel and were purified with Wizard� PCR

Preps (Promega Corporation, Madison, WI). The

purified DNA was ligated into the PMD18-T vector

(Takara Biotechnology Co., Ltd., Dalian, China).

Recombinant plasmids containing the 939 bp VP3

fragment were confirmed by XbaI digestion and the

449 bp VP5 fragment by EcoRI digestion.

Sequencing and sequence analysis

The VP3 and VP5 genes of each passage chosen were

sequenced in two ways. Purified PCR products were

sequenced directly, and subcloned recombinant plas-

mids containing the 939 bp and 449 bp RT-PCR

products, were also sequenced. The nucleotide se-

quences and deduced amino acid sequences of the VP3

and VP5 genes from different passages of cell culture-

adapted strains were analyzed and compared with

reference sequences. A phylogenetic tree was prepared

with the Lasergene Software Suite (DNAstar, Madi-

son, WI). The Accession numbers of reference se-

quences downloaded from Genbank are shown in

Table 2.

Titration of cell culture-adapted strains and animal

experimentation

CEF-5, CEF-8, CEF-9, CEF-10, CEF-15, CEF-20, and

Gx were chosen for pathological examination. These

viruses were separately titrated in 10-day-old SPF eggs

receiving 0.2 ml/egg via CAM. The median embryo

infective dose (EID50) was calculated by the Reed-

Muench formula. Seven groups of 25 4-week-old

chickens were examined.

SPF chickens were inoculated with 2 · 103 EID50/

chicken from selected passages and the sixth isolator

was a non-infected control group containing 10 SPF

chickens. Clinical signs and the number of deaths

were recorded daily. Surviving chickens were

euthanatized 7 days post-inoculation. Their bursae

were harvested, and the bursal weight:body weight

ratios (B:B indexes) was calculated. Additionally,

their sera were collected for the virus neutralization

(VN) test as described previously [15], with a con-

stant virus inoculum of Gx strain (100TCID50/

0.1 ml) against serial 10-fold dilutions of chicken

serum.

Table 1 Oligonucleotide
primers used in RT-PCR

Name nucleotide Sequence (5¢-3¢) Priming position

P1 CCTGAATTCATGCTATCATTGATGGTTAG 84–103
P2 CCTGAATTCTCACTCAGGCTTCCTTGGAAGGTCAC 508–533
P3 GGTCTAGAAAGTTGGCTGGTCCCGGAGCATT 2233–2255
P4 GGTCTAGAAGCCTCACTCAAGGTCCTCATCAG 3149–3172
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Results

Amplification of VP3 and VP5 genes

The expected 939 bp and 449 bp fragments were both

obtained by RT-PCR for each passage strain

examined.

Identification of recombinant plasmids

The plasmids obtained were digested with endonuc-

leases. There were EcoRI and XbaI cutting sites at the

5¢ terminal in Primer P1, P2 and Primer P3, P4,

respectively. The expected fragments in positive rec-

ombinants were 449 and 939 bp (PCR fragment) and

2.7 kb (vector). Positive recombinants containing the

VP3 and VP5 gene PCR products were obtained for

each chosen passage.

Sequencing and sequence analysis

The purified PCR products were sequenced directly, as

well as two or three cloned recombinants from each

strain. A consensus sequence was determined after all

the sequencing results were analyzed. Only the se-

quence from CEF-9 was not completely unanimous;

the CEF-9 sequences used for our comparative analy-

ses were generated from 2 of 3 clones. At position 163

of VP3 gene of CEF-9, the amino acid was E in some

subclones whereas it was either D or E from the direct

sequencing of PCR products. At CEF-10, the amino

acids in the VP3 gene mutated at positions 28H>Q,

163E>D, 226P>L, 235V>A, and 250A>T, respectively.

At position 78 of VP5 gene of CEF-9, the amino acid

became 78I in some subclones whereas it was either F

or I from the direct sequencing of PCR products. At

CEF-10, the amino acids in the VP5 gene mutated at

positions 18E>K, 49R>G, 78F>I, 91E>G, 104G>C,

122Y>H, 129P>S, and, 137W>R, respectively. The

comparison of the deduced amino acid sequences of

VP3 and VP5 is shown (Fig. 1 and Fig. 2), respectively.

The nucleotide sequences in VP3 and VP5 genes of

each strain were compared with HK46 and P2 strains.

A phylogenetic tree (Fig. 3) of different IBDV strains,

based on the nucleotide sequences of VP3 and VP5,

was made with the Lasergene Software Suite. Gx,

CEF-5, CEF-8, UK661, OKYM, HK46, D6948 and KS

strains belonged to the vvIBDV branch. CEF-10, CEF-

15 and CEF-20 were similar to P2 and CU-1 strains in

VP3 and VP5, to which CEF-9 is more closely related.

The viruses in the latter group were considered typical

attenuated strains.

Animal experimentation

The mortality rates produced by exposing 4-week-old

SPF chickens to vvIBDV-Gx, CEF-5, CEF-8 ,CEF-9,

CEF-10, CEF-15, and CEF-20 were 64, 60, 60, 28, 0, 0,

and 0%, respectively (Table 3). Chickens were con-

sidered to have bursal atrophy when the B:B index was

lower than 0.7, as proposed by Lucio and Hitchner.

Chickens with B:B indexes of higher than 0.7 after

being challenged with CEF-10, CEF-15, and CEF-20

strains were considered to have no bursal atrophy,

whereas exposure to the Gx strain (0.34), CEF-5 (0.36),

CEF-8 (0.37) and CEF-9 (0.53) resulted in bursal

atrophy with B:B ratios of less than 0.7. The VN test

revealed that the antigenicities of CEF-5, CEF-8, CEF-

9, CEF-10, CEF-15, CEF-20, and Gx were similar and

related to one another (Table 3).

Discussion

A non structural protein deficient IBDV mutant that

fails to induce lesions was made using site-directed

mutagenesis and the reverse genetics system [14]. By

sequence comparisons, specific amino acids in VP2

were identified, which allow adaptation of vvIBDV to

cell culture [15]. In this study, we have identified the

amino acid changes in the VP3 and VP5 genes of the

vvIBDV-Gx strain after attenuation in SPF embryos

(for adaptation to tissue propagation) and after atten-

uation in 20 passages of CEF culture.

Gene variations associated with virulence are

mainly in the domain of VP2 and the heptapeptide of

VP2 has been regarded as a marker of virulence

changes in IBDV for many years [16]. The VP2

heptapetide is conserved in virulent and low

Table 2 IBDV strains used for alignment of sequences

Strain Virulence Origin Accession number

UK661 VVa UK X92760
HK46 VV HongKong AF092943
OKYM VV Japan D49706
D6948 VV Netherlands AF240686
KS VV Germany L42284
Cu-1 Ab Germany X16107
P2 A Germany X84034
CEF94 A Netherlands AF194428
PBG A Israel D00868
STC CVc UK D00499
GLS AVd USA M97346
OH Serotype-2 USA U30818
23/82 Serotype-2 UK AF362773

a very virulent strains; b attenuated strains; c classical virulent
strains; d antigentic variant strains
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pathogenic strains. Our previous study [15] indicated

that most amino acid changes during passage between

CEF-8 and CEF-10 were identified within the VP2

variable region and there was an important change at

residue 333 S > R in the heptapetide. Since the VP2

gene is not the sole determinant of the very virulent

phenotype [16], amino acid changes in VP3 and VP5

genes during attenuation were examined in this study.

Sequence analysis demonstrated no apparent change

in the VP3 protein before CEF-8, in contrast there

were many nucleotide changes and several amino acid

substitutions detected in the VP3 gene of CEF-9. A

few nucleotide changes identified in the VP3 gene

without any associated amino acid substitutions at

Fig. 1 Comparison of the deduced VP3 amino acid sequences of the original vvIBDV Gx strain original with its CEF-adapted strains

                                                                                             

                

   

 

Fig. 2 Comparison of the deduced VP5 amino acid sequences of the original vvIBDV Gx strain original with its CEF-adapted strains
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CEF-8 revealed that the homology of amino acid se-

quence with reference vvIBDV HK46 strain was

maintained at 99.6%. In the VP3 gene of CEF-10,

changes were detected at amino acid 28H>Q,

163E>D, 226P>L, 235V>A, and 250A>T. Addition-

ally, 28H>Q is a particular amino acid substitution of

vvIBDV Gx. The VP3 sequence remained unchanged

from CEF-10 to CEF-20 and the homology of its

amino acid sequence with the reference IBDV

attenuated strain P2 was up to 100%.

Changes in the VP5 gene of CEF-10 were also de-

tected at amino acids 18E>K, 49R>G, 78F>I, 91E>G,

104G>C, 122Y>H, 129P>S, and, 137W>R, respec-

tively. In the VP5 gene, there were no amino acid

changes before CEF-8, but many nucleotide changes

and some amino acid substitutions were observed at

CEF-9. There were particular changes to vvIBDV Gx

at amino acids 104G>C and 122Y>S. A few nucleotide

changes in the VP5 gene at CEF-8, without amino acid

substitutions occurring, demonstrated that the homol-

ogy of amino acid sequence with HK46 strains

remained at 98.7%. There were no changes in VP5

between CEF-10 and CEF-20 and the homology of the

amino acid sequence with P2 was maintained at 99.3%,

indicating the stability of the attenuated vvIBDV after

continued passaging.

Analyses of VP3 and VP5 sequences at CEF-9 by

direct sequencing of PCR products demonstrated a

bimodal phenomenon in the direct nucleotide se-

quence of both genes. Some cloned products were

observed to correspond with one peak of the bimodal

position, and some cloned products correspond with

the other peak. The positions of the bimodal phe-

nomenon were confirmed to be at amino acid 163

(E/D) of VP3 gene and 78 (I/F) of VP5 gene. This

bimodal phenomenon was not observed in the direct

sequencing of other viral passages. CEF-9 is an inter-

mediate point containing a mixture of virulent and

attenuated virus. The pathogenicity study confirmed

the transitional nature of the CEF-9 passage with a

reduced mortality rate of 28%.

Sequence analyses of vvIBDV Gx showed that the

protein amino acid sequences were altered between

passages CEF-8 and CEF-10. Taken together with the

previously published result [15], amino acid sequences

of VP2, VP3 and VP5 genes all reached a point of

transition in the same passage during the process of

attenuation. The general structure of IBDV places the

VP2 protein on the outer surface of the viral particle

where changes during the process of attenuation might

be expected to occur first. Interestingly changes in

VP2, VP3 and VP5 all occurred within the same

Fig. 3 The phylogenetic tree
produced with the Lasergene
Software Suite based on the
comparison of VP3 and VP5
sequences

Table 3 Pathogenicity of each passage and virus neutralization

Group Passage Mortalitya B:B index VN antibody titers to Gxb

1 Gx 64% (16/25) 0.34 4.67 ± 0.36
2 CEF-5 60% (15/25) 0.36 4.54 ± 0.30
3 CEF-8 60% (15/25) 0.37 4.34 ± 0.56
4 CEF-9 28% (7/25) 0.53 4.33 ± 0.38
5 CEF-10 0% (0/25) 0.97 4.42 ± 0.34
6 CEF-15 0% (0/25) 0.95 4.24 ± 0.26
7 CEF-20 0% (0/25) 0.97 4.15 ± 0.20
8 Control 0% (0/10) 1.05 <1

a Mortality of 4-week-old SPF chickens up to seven days after inoculation
b vvIBDV Gx strain was used in the VN assay. Data in the column are geometric mean log10titer ± standard deviation
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passage and all were correlated with a decrease in

virulence. This drop in virulence is unable to be

definitively assigned to any one single change and

many reside in multiple changes in multiple genes. The

bimodal changes observed in the transitional passage

CEF9, of which there are three, 222(A/P) of VP2 gene,

163 (E/D) of VP3 gene and 78 (I/F) of VP5 gene would

appear the best candidates for further study.

Our pathogenicity study of the Gx strain showed

that the mortality induced by the parent strain was

64% in 4-week-old SPF chickens. Even at CEF-5 and

CEF-8, the virus remained very virulent with a

mortality rate of 60%. However, pathogenicity at the

CEF-9 passage was significantly reduced to a mortality

rate of 28% whereas the virus was essentially non-

pathogenic at CEF-10, CEF-15, and CEF-20. Lower

pathogenicity of CEF-9 strongly suggested that it was a

transitional point where the population balance be-

tween virulence and non-virulence was in some state of

equilibrium. The CEF-20 generation was nonpatho-

genic and did not revert after propagation for six

generations in SPF chickens (data not shown). This

demonstrates that the attenuated strain has good sta-

bility. VN tests revealed no antigenic changes during

the CEF cell passages. The result in this study suggests

that attenuated strain may be used as a live vaccine

against vvIBDV.
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