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Abstract Infectious bursal disease virus (IBDV) causes
immunosuppression in chickens. We investigated the
molecular changes in chicken embr o . broblasts (CEF)
adapted IBDV b genomic sequencing. IBDV ‘re seriall
passaged in CEF and chickens ‘ere infected %th thé
IBDV obtained after different numbers of passages in CEF.
Chicken infections sho ‘d that 16th, 20th, and 21st pas-
sage viruses ‘ere pathogenic, ‘hile 26th and 36th passage
viruses ‘ere non-pathogenic. Sequencing demonstrated
that the initial changes during the serial passage comprised
of a single-nucleotide deletion in the 3’ non-coding region
of segment B of the virus after 19th passage, follo *d b
changes in the VP1 gene after the 20th passage of the virus
and changes in VP2, VPS5 after the 21st passage of the
virus. These data suggested that the attenuation of ver
virulent IBDV s due to multigenic mutations and theré
are in vitro and in vivo competitive replications in IBDV
quasispecies.
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Introduction

Infectious bursal disease virus (IBDV) is a non-enveloped
virus, 60 nm in diameter, %th an icosahedral shell. The
virus belongs to the genus Avibirnavirus of the famil
Birnaviridae [1]. The virus infects the precursor B 1 m
phoc tes in the bursa of Fabricius and causes severe
imm#nosuppression or mortalit in oung chickens [2].
The double-stranded RNA gendme of IBDV consists of
segments A and B [3, 4]. Segment A is appro imatel
3,260 nucleotides (nts) in si e and contains t ‘o ope§1
reading frames (ORFs) of 3,039 and 438 nts. The smaller
ORF encodes the VPS5 protein, a 17-kDa non-structural
protein [5] and is located in the 5" end of the genomic
segment A. The larger ORF starts at the 5’ end of the
genomic segment A and partiall overlaps the VP5 ORF.
The larger ORF encodes an apprp imatel 110-kDa pre-
cursor pol protein, ‘hich is autocatal ticall cleaved b
the cis-acting viral protease VP4 to form VP2, VP3, and
VP4 [6]. Segment B is appro imatel 2,827 nts in si e and
encodes VP1, the RNA-dependent RNA-pol merase that is
an essential protein for the viral replicatior and encapsu-
lations [7].

Identif ing the molecular determinants associated ‘ith
virulence’in the IBDV genome %Il help to understand its
pathogenicit . Initiall , VP2 ‘s believed to be the pri-
mar  detefininant &f virulence, and especiall  its
h pérvariable region ‘as implicated in the virulencé, cell
tropism, and pathogenic phenot pe of virulent IBDV [8, 9].
Contrar to this, another report*demonstrated that VP2 ‘as

not thed sole factor ‘hich determines the ver virulent
b
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phenot pe (vvIBDV) [10] and the VP3 ‘s also reported to
be a déterminant for virulence [11]. Mean ‘hile, VP5 ‘s
also identi.. ed as an important factor for the virus egress
and virulence, and its N-terminus motif “MLSL” s
proved to be necessar to vvIBDV phenot pe [12]. Fur-
thermore, Boot et al. }13] evaluated the role of the VPI
protein ‘Yith reverse genetics technolog , revealing that
Aspl46, Asnl47, Glu242, Met390, Asp393, Pro562,
Pro687, and Arg695 in VP1 ‘ere unique to the vvIBDV.
Up tono % the mechanism involved in the change of IBDV
virulence remains unclear. In addition, researchers have put
for ‘ard the concept of viral , tness relative  Yth viral
replication. Viral , tness is often measured as the relative
abilit of t v competing viruses to produce infectious
progén during co-infection in a given environment [14].
Some Viruses have been found to ¢ ist in a competitive
replication among different mutants, such as human
immunode.. cienc virus (HIV) [15] and infectious hema-
topoietic necrosis virus (THNV) [16].

In order to anal e changes of IBDV virulence in the
chicken embr o .“broblasts (CEF) and in chickens, b
sequencing and anal ing the full genome of the CER-
adapted and bursa-derived IBDV, % focused on the rep-
lication of the IBDV genomes during the serial passage in

the CEF monola er.
Y

Materials and methods

Virus, chicken embr os, and chickens
3

Bursae %th edema and hemorrhage ‘re collected from a
chicken farm at Ningbo cit (Zhejiang, China). To isolate
the N eld IBDV (designated s NB isolate), the bursae ‘ere
homogeni ed ( ¥v = 1:3) ‘th sterile normal saline, and

‘ere subjected to three free e tha *c cles. The homoge-
nate ‘as centrifuged for 15 min at 12,000 9 g at 4 C. The
SPF embr onated chicken eggs and SPF chickens, used for
CEF preparation and pathogenicit tests, ‘ere purchased
from Beijing Merial Vital Laboratér Animal Technolog
Co., Ltd (Beijing, China). 3 3

CEF adaption of virus

CEF ‘ere prepared as previousl described [17] and
inoculated ‘%th the sterile bursal séspensions. After incu-
bation for 120 h at 37 C, the harvested inoculums ‘ere
passaged blindl on the CEF until ¢ topathic effects ‘re
observed. Seridl passages of CEFRadapted virus (CEF
virus) on the CEF monola er ‘re carried out to attenuate
the pathogenicit , and TCIDs, of each CEF virus ‘as
determined using the Reed-Muench method. The CEF

viruses seriall passaged 36 times on CEF monola ers
3 3

47
fere designated as the CEF1 to CEF36 viruses,
respectivel .

Y
Pathogenicit of CEF-adapted IBDV
3

To ¢ amine the pathogenicit of the CEF-adapted virus,
thirt 4- ‘ek-old SPF leghorh chickens ‘re divided into
si groups (5 chickens per group), and housed in negative
pressure isolators. Each generation of CEF virus %s . ve
times seriall passaged in the SPF chickens (5 chickens per
passage), to dbserve the pathogenicit of the virus. Chickens
inGroups 1to 5 ‘*ere inoculated intrdocularl ~ %th 0.2 ml of
CEF-16, CEF-20, CEF-21, CEF-26, and’ CEF-36 virus
(5 9 10* TCIDs), respectivel . Chickens in Group 6 ‘ere
used as a negative control ‘%thout infection. Dail clinical
observations of all inoculated chickens ‘re recorded. All
inoculated chickens ‘re ‘ighed dail and harvested at
72 h post-inoculation (p.i.). The bursa-Bod inde (BBIX)
of the inoculated chickens ‘s calculated as bursa-to-bod
ratio of infected chickens divided b bursa-to-bod ratio of
negative control chickens. Subsequent] , half of the bursa
tas sectioned for pathologicalge amination and another half
%as homogeni ed to further inoculate the SPF chickens.

Genomic ampli.. cation

Genomic dsRNA ‘ere obtained from virus (BF virus) derived
from bursa of Fabricius infected %th IBDV and various
puri.‘ ed CEF-adapted viruses (CEF16, CEF19, CEF20,
CEF21, CEF26, and CEF36 virus) %thaTri ol LS reagentkit
(Invitrogen, Carlsbad, CA, USA). To produce the N rst strand
cDNA for both segments A and B, reverse transcription ‘s
conducted using oligo (dT) as a primer b RevertAid™
M-MuLV reverse transcriptase (Fermentas,BHanover, MD,
USA). The genomic segments A (3260 nts) and B (2827 nts)

ere ampli.. ed, respectivel‘ , th the speci.‘ C primers as
follo %: 5-~ATGAATTCAGGATACGATCGGTCTGACCC
CGG-3’ and 5'-TAGGTACCGGGACCCGCGAACGGATC-
3’ for segment A, 5'-TTAGAATTCGGATACGATGGGTCT
GAC-3’ and 5-ATTTCTAGAGGGGGCCCCCGCAGG-3'
for segment B. And the primers ‘ere designed according to the
sequence of vvIBDV strain D6948 (accession number
AF240686 and AF240687) and attenuated IBDV P2 strain
(GenBank accession number X84034 and X84035) published in
GenBank. PCR ampli.‘ cation ‘s performedb 35 c cles after
denaturing at 95 C for 5 min. The ¢ cling program 3 %as dena-
turation at 95 C for 25 s, annealing af60.5 C for segment A and
64 C for segment B for 30 s, andse tension at 72 C for 3 min.

Cloning, sequencing and data anal sis
3

The RT-PCR products of segments A and B from BF-
derived and CEF-adapted viruses ‘ere ligated in a pMD18-T
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Table 1 IBDV strains used in multiple alignment anal sis of seg-
ments A and B ‘

Table 2 Bursa-bod inde (BBIX) and microscopic lesion of the
SPF chickens infected ‘ith CEF-adapted IBDV

Gen. BBIX Microscopic lesion

Cl6 C20 C21 C26 C36 Cl6 C20 C21 C26 C36

Strain Countr' Clas si.. cation Accession no.

: Segment A Segment B
9109 USA Attenuated AY462027 AY459321
P2 German Attenuated X84034 X84035
B87 China 3 Attenuated DQY06921 DQ906922
CEF94  The Netherlands Attenuated AF194428 AF194429
CT France Attenuated AJ310185 AJ310186
Cul German Attenuated X16107 AF362775
HZ2 China ° Attenuated AF321054 AF493979
D1 China Attenuated AY321055 AY103464
OKYM  Japan Ver virulent D49706 D49707
D6948 The Netherlands Ver\j virulent AF240686 AF240687
Harbin-1 China Ver\j virulent EF517528 EF517529
HK46 China Ver\j virulent AF092943 AF092944
TL2004 China Ver virulent DQO088175 DQ118374
7J2000  China Ver' virulent AF321056 DQ166818
BD399  Bangladesh Ver virulent AF362776 AF362770

N

vector (Takara Biotechnolog Co., Ltd., China) after being
puri.' ed, and ‘ere transfoPmed to E. coli ToplO cell.
Colonies containing segment A or B ‘ere identi, ed b
restriction endonuclease digestion and con, rmed b~ PCR,
and 4 Ve different clones from the same ampli.‘ ed réaction
fere sequenced. The nucleotide and deduced amino acid
sequences of segments A and B ‘ere aligned ‘ith the
previousl published full-length IBDV sequences (Table 1)
using Clustal X multiple sequence alignment program and
Omiga 2.0 soft ‘are (Accelr s Inc., San Diego, CA, USA).
Ph logenetic anal ses of IBDV strains, based on the
sequences of codifg- and non-coding regions, ‘re done
ith MEGA vision 3.1 [18] using the minimum evolution
(ME) methods and up to 1,000 bootstrapping replicates.

Results

Pathogenicit of CEF-adapted IBDV
3

When chickens ‘re infected %th different passages of
CEF-adapted viruses (Table 2), onl chickens inoculated

§th CEF16 virus ¢ hibited pathobogical lesions in the
1 mphoid follicles in the bursa in the ., rst inoculation. The
chickens infected ‘%ith CEF20 and CEF21 viruses devel-
oped bursal histopathologic lesions in the second and third
passages, respectivel . Ho ‘ever, up to the ., fth generation,
the CEF16-, CEF20-, and CEF2l-infected chickens
revealed striated-like hemorrhage of leg muscle, hemor-
rhage in juncture of gi ard and proventriculus,
hemorrhage and necrosis of bursa (Fig. 1). No pathological
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Ist 111 097 100 1.17 1.02 2/5* 0/5 0/5 0/5 0/5
2nd  1.03 099 1.02 132 133 5/5 2/5 0/5 0/5 0/5
3cd 075 073 095 1.17 133 5/5 5/5 3/5 0/5 0/5
4h 0.89 093 0.82 105 1.15 5/5 5/5 5/5 0/5 0/5
5th  0.84 0.84 080 1.03 1.13 5/5 5/5 5/5 0/5 0/5

% Numerator: number of sick chickens/denominator: number of
inoculated chickens

changes ‘ere detected in chickens infected ‘%ith CEF26 and
CEF36. The data indicates that the CEF26 and CEF36 viruses

*ere non-pathogenic to chickens, and the CEF16, CEF20, and
CEF21 viruses ‘ere virulent to chickens.

Genomic sequence of bursa-derived and CEF-adapted
IBDV

We obtained the genomic sequences of the BF virus and
the selected CEF-adapted viruses (CEF16, CEF19, CEF20,
CEF21, CEF26, and CEF36). The genomic sequences ‘re
deposited at the GeneBank librar (GenBank accession
number EU595667 to EU595678). Sequencing sho %d that
the nucleotide sequences of segments A and B ‘ere
composed of 3260 and 2828 nts in bursa-derived BF virus
and CEF16 viruses, and ‘ere 3259 nts for segment A and
2827 nts for segment B in the CEF19 virus. In comparison

Yith genomic sequence of the BF virus, the nucleotide
mutation frequenc (Table 3) ‘s 0.3% for segment A and
0.2% for segmen® B in CEF16 virus, 0.3% for segment
A and 0.5% for segment B in CEF19, 3.1% for segment A
and 10.9% for segment B in CEF21, 4.7% for fragment
A and 10.6% for segment B in CEF26 and CEF36. The
nucleotide substitutions ‘re 2.8% for segment A and
11.4% for segment B ‘hen CEF2lvirus %s compared

%th CEF19 virus, but the nucleotide mutation rates of
CEF26 on comparison ‘Yith CEF21 ‘ere 1.8% for fragment
A and 0.6% for segment B. Ho ‘®ver genomic mutation
frequenc of CEF36 ‘%sonl 0.2% compared ‘ith CEF26,
indicating that majorit of Rucleotide substitutions occur-
red bet ‘en passages CEF19 and CEF21.

Notabl , sequencing anal sis of the CEF20 sho ‘%d
three genbmic t pes, named3as CEF20-1, CEF20-2, and
CEF20-3. On cdmparison ‘ith genomic sequence of the
BF virus, % observed the follo %ing nucleotide replace-
ments in the viruses after different passage numbers: 27
nucleotide replacements and 1 nucleotide loss in segment
A in the region consisting of 1000 nts in the 3’ terminal and
2 nucleotide replacements of the segment B in CEF20-1(6/
15 sequenced clones), 282 nucleotide substitutions and 1



Virus Genes (2009) 39:46 52

Fig. 1 Gross and microscopic
lesions of chickens infected
Yth the 16th CEF-adapted
IBDV. a Striated-like
hemorrhage of leg muscle. b
Purple grape-like bursa. ¢
Hemorrhage in juncture of
gi ard and proventriculus. d
L mphoc te necrosis of
1 Smphoid¥follicles in bursa
3

A
Table 3 The nucleotide mutation frequenc\ of CEF-adapted virus
Gene segment of IBDV
CEF16 CEF19 CEF21 CEF26 CEF36
A B A B A B A B A B
BF virus 0.3% 0.2% 0.3% 0.5% 3.1% 10.9% 4.7% 10.6% 4.7% 10.6%

nucleotide loss in segment B and 2 nucleotide substitutions
in segment A in CEF20-2 (4/15 sequenced clones), 119
nucleotide substitutions in a region of 1,600 nts in the 5’
terminal of segment B and 25 nucleotide substitutions and
1 nucleotide deletion in a region of 500 nts in the 3’ end of
segment B in CEF20-3 (5/15 sequenced clones) demon-
strating that the CEF20 virus ‘as a population of different
genot pes of IBDV.

Ph’logenetic anal sis (Fig. 2) of the genomic B frag-
ment Yevealed that BF virus, CEF16, CEF19, and CEF20-1
viruses ‘ere assigned to the virulent IBDV group. The
CEF20-2 and CEF20-3, CEF21, CEF26, and CEF36 viru-
ses ‘ere clustered into a clade of the non-pathogenic
IBDVs. Correspondingl , the ph logenetic anal sis of the
genomic segment A révealed that CEF26 and CEF36
viruses belonged to the clade of non-pathogenic IBDVs,

and the bursa-derived, CEF16, CEF19, CEF20, and CEF21
viruses belonged to an evolutionar branch %4th the
reported vvIBDV, ‘hereas the non-cdding regions of the
CEF20 virus belonged to a sublineage of the non-patho-
genic IBDV.

Characteri ation of 5’ and 3’ non-coding regions (NCR)
Ythin IBDV

5" NCR ‘thin the fragment A contained the promoter
region of the small ORF, a conservative !GGAUAC
GAU“/cGGUCUGACCC®/t/¢lyGGGAGUCAC™  motif,
and 18S rRNA-binding motif "'CUCCUC’®, and 5" NCR
Yithin segment A of CEF26 revealed the nucleotide
mutations of 44C — T, 45T — C, 47A — C, 83C - T,
and 86 T— C (Fig. 3a). In the 3’ NCR of segment A,
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Fig. 2 Ph logenetic tree of NCR and encoding proteins of IBDV genome. a VP5 ? VP2/4/3. b VP1. ¢ 5 NCR of segment A. d 3’ NCR of

segment Al. e 5 NCR of segment B. f 3’ NCR of segment B

CEF20-3 revealed a deletion of 3235C and mutations of
3205C — T and 3224A — T; CEF20-1 and CEF20-2 ‘ere
the same as the bursa-derived virus. In segment B, the 3’
NCR displa ed a deletion of 2798G and a mutation of
2807A — G in the 19th CEF virus, but the 5 NCR
¢ hibited 7 nucleotide mutations in CEF20-2 and CEF20-3
(Fig. 3b). These data sho *-that nucleotide deletion onl
appeared in the 3’ NCR of segments A and B during CEF
adaption of the . eld IBDV, and that nucleotide mutations
of the 5" and 3’ NCR ‘ithin fragment B ‘ere earlier than
those %thin fragment A.

Mutation of non-structural proteins of IBDV

Data in Fig. 4 sho % the appearance of amino acid muta-
tions 499R — G, 78F — I, 109S — G, 129P — S, and 137
W — R in the CEF21 virus. The amino acid residues
“MLSL” believed to be present in almost all vvIBDV [19]
fere further lost in VPS5 protein, ‘hen CEF virus ‘s
seriall passaged to the 26th generation. In the predicted
VP4 protein, no difference of amino acid residues ‘as
found from the BF virus to the CEF20 virus; ho %ver,
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mutations  ere presented at 291 - V, 110R — G,
168Y - C, 173 N —» K, 196A —» V, 203S - P, and
239D — H in the CEF21 virus. These data sho %d that the
amino acid mutations occurred in the VP4 and VPS5 genes
of IBDV during CEF adaption.

Amino acid mutations of IBDV structural protein

As sho ' in Fig. 4, mutations of amino acid residues ‘ere
not detected in the VP1 protein of the CEF16 and CEF19
viruses and in the VP2 and VP3 proteins of the CEF16 and
CEF20 viruses, ‘hen compared %th the BF virus. Ho %
ever, amino acid mutations in VPl protein arose at
positions of 390, 393, 508, 511, 562, 646, 687, and 695 in
the CEF20-3 virus. Four amino acid mutations at positions
of 222, 242, 256, and 279 occurred in N-terminus region of
VP2 protein of CEF21 virus, and four amino acid varia-
tions at site 290, 294, 299, and 330 appeared in C terminus
region of VP2 of CEF26 virus. These data indicate that the
variations of the VP1 gene occurred earlier than in the VP2
and VP3 genes during CEF attenuation of the virulent
IBDV.
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BF GG"UGCTGJ&CAﬂG"'ACAATG"-TG- GCGCCATCCA~CC
CEFl6 G6GGGCTGACAAG “-ACAATGTG . GCGCCATCCACC
CEF19 GG GGCTGACARIG ~ACAATG~TG . GCGCCAT"CCA“CC
CEF20-1 GGG GCTGACAREG “ACAATGTG - CG CCAT ™ CCA™CLE
: GGCTGACARIG ~“ACAATGTG s« =+ . GCG*CCAT""CCA"CC
GGCTGACAAG ~“ACAATG-TG AGG“CECET“C ACoC
GGCTGACAAG “ACAATG TG « w - Chle g e A o o
: T-C 8 CAJ\G'“J\AAEG"-TG, . o8¢ ¢ - o
i GE{C A AG " AQ8A AXMG T G - cEdc - C _— N
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7 2828 2 4 &2 106 110 2786 2800 28¢
— BF GG ACRET G GElG~ Cg4C - AfNG--TEJC C AC Creooe - AATCGEAT A "G
cmCC CEF1E G GACEET G GEdG - CEHC- ‘AfRG..TBNC C A CC CGEAT A G
CC  CEF19 G G--ACEdTG GEEG~ CEaC: -Af¥c...Tccacec CG-TAGG
CCC  Cppao-1 G G--A CRAT-~G GRlG - cE¥C- ~AMHG..-T CCORE C ATc--TmTa~T
Eccc CEF20-2 G G-*ACATGGCG~CG ““ATG--TGCCAC ATC-G-TA-6G
GCCC  CEF20-3 GG--ACAT--GGCG-CG “ATG--TGCCAC ATCG =TA-6
GC--CC CcEF2l GG+ACAT--GGCG-CG ‘ATG-TGCCAC AT CunlB =T AG
GCc-+CC CEF26 GG A L A TsrxG G CGC G “ATGTGCCAL ATConG -TA G
GC"'EE CEF36 GG-ACAT---GECG-CG “ATG-TGCCALC ATCoiG -TA .G

Fig. 3 Alignment of non-coding region of segments A and B. a NCR of fragment A. b NCR of

fragment B. Shadow indicates mutated

nucleotides and “.” represents the identical residues omitted
VP1:.
1 60 120 242 287 390 s10 562 687 695 703

646 539

S PV D M ek
Lo+

Fig. 4 Amino acid comparison of encoding proteins of bursa-derived
and CEF-adapted IBDV. Shadow indicates mutated amino acid
residues and “.” represents the identical residues omitted. UK661 and

Discussion

Since IBDV ‘s identi, ed in 1962, researchers have tried
to attenuate the virulence of N eld IBDV in order to develop

FRiLo- T mapn F . myn s 2o e QP SeeASA+TPE+NRPF+«PNV .« RQ

CEF94 are the European reference pathogenic and non-pathogenic

IBDV strains, respectivel
N

an appropriate attenuated vaccine. The conventional pro-

cedure for attenuating the virulence of ..eld IBDV ‘s to

infect chicken embr onated eggs . rst, then pass on the

infective virus to mbnola ers of chicken embr o bursal
Y 3
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cells, ne t to chicken embr o kidne cell line, and ,, nall
passaged on CEF monola et. Although the 4€ld IBDV cah
adapt to primar cells oP cell lines, e.g., CEF, Vero, and
BGM-70 [17], the present stud adapted the ..eld IBDV
NB isolate directl on to CEF‘monola er. Ho %ver, no
gross or microscopic lesions of bursa ‘teg hibited in the
infected chickens during 4 Ve serial passages of CEF26 and
CEF36 viruses. Genomic nucleotide sequences also
revealed that CEF26 and CEF36 had the most prominent
characteristics of the reportedl attenuated IBDVs [20].
These observations con, rmed tHat the virulence of CEF26
and CEF36 viruses ‘re attenuated.

Identif ing the virulence markers of IBDV is an inter-
esting and much needed research focus. In the previous
studies, VP2, especiall the amino acid residues Q253,
D279, and A284 located in h pervariable region, ‘ere
identi, ed to have a signi, cant déffect on virulence [8, 20].
Jack ‘%od et al. [9] found that the mutation of the residue
H253 to Q or N ‘%thin VP2 ‘%uld markedl increase the
virulence of an attenuated IBDV. VP3 and VP53, as  %ll as
the segment B have also been identi, ed to have an important
relation Yth virulence [11, 13]. Our data also sho ‘%d that
the CEF26 and CEF36 viruses had lost their pathogenicit in
the infected chickens, con, rming that the residues Q2553,
D279, and A284 are involved in IBDV virulence. Ho ‘ver

e also observed that the earliest nucleotide mutations
occurred at the 3’ NCR of segment B in the CEF19 virus,
follo ®d b nucleotide substitutions at the 3’ NCR of frag-
ment A, thé 5 NCR of fragment B, and the VP1 gene in the
CEF20 virus. Finall , the coding region of VP2 and VP5
displa ed nucleotide mutations in the CEF21 virus. Based
on theke data, ‘e determined that the loss of pathogenicit of
IBDV is a process originating from mutation in the 3’ NCR
of segment B and follo **d b multigenic mutations, rather
than single gene mutation duting CEF adaption.

In the present stud , genomic sequences sho ‘d that the
CEF20 virus ‘s ami ed population of three genot pes of
IBDV, homologous to the pathogenic BF virus and also the
non-pathogenic CEF26 virus (Fig. 4). Interestingl , this
phenomenon ‘as not detected ¢ cept in CEF-203 virus.
Further ¢ periments sho ‘%d that the CEF20 virus popu-
lation graduall changed to a single pathogenic IBDV after
repeated chickén passages, and like %se the mi ed popu-
lation puri.. ed into a single non-pathogenic IBDV (CEF26
virus) after serial passages in CEF. Therefore, it ‘s rea-
sonable to believe that the different genot pes of IBDV, as
observed in CEF20 population, under ¥ent competitive
replication during in vitro and in vivo serial passages. This
competitive replication phenomenon has been observed in
poliovirus and some DNA viruses [21, 22]. The selective
pressures and mechanism involved in the competitive
replication of different genot pes of IBDV requires further
investigation. )
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