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Infectious bursal disease is a highly contagious disease of young chickens caused by Infectious bursal dis-
ease virus (IBDV). Genome segment A encodes the capsid protein (VP2), while segment B encodes the
RNA-dependent RNA polymerase (VP1). In the present study, we trace the molecular epidemiology of
IBDV in Brazil by analyzing 29 isolates collected in the major regions of poultry production. To genetically
characterize the isolates, phylogenetic and population dynamic analyses were conducted using 68 VP1
(2634 nt) and 102 VP2 (1356 nt) coding sequences from IBDV isolates from different regions of the world.
Furthermore, the evolution of IBDV was analyzed by characterizing the selective forces that operated dur-
ing the diversification of viral isolates. We show that IBDV isolates were introduced into Brazil mainly
from the Netherlands and the USA. These introductions were associated with all Brazilian poultry produc-
tion regions analyzed in this work. In addition, we show that the evolution of IBDV has been shaped by a
combination of very low recombination rates and relatively high rates of nucleotide substitution
(2.988 x 10~ for VP1 and 3.2937 x 10~* for VP2), which themselves are a function of purifying selection
operating on VP1 and VP2. Furthermore, our extended Bayesian skyline plot suggests that the increase in
the effective population size of isolates of IBDV is consistent with its epidemiological history, with a large
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increase during the emergence of acute outbreaks of IBD in the 1980s.

© 2012 Elsevier B.V. Open access under the Elsevier QA license.

1. Introduction

Infectious bursal disease virus (IBDV, genus Avibirnavirus, fam-
ily Birnaviridae) is the etiologic agent of infectious bursal disease
(IBD), an acute and highly contagious disease affecting young
chickens. IBDV is a non-enveloped virus with a capsid containing
a genome of two segments (segments A and B) of double-stranded
RNA (Dobos et al., 1979). Segment A encodes a precursor polypro-
tein in a major open reading frame (ORF), which is cleaved by auto-
proteolysis to yield the mature VP2 (outer capsid), VP4 (protease),
and VP3 (inner capsid) proteins (Kibenge et al., 1988). VP2 is also
the immunodominant antigen of IBDV (Vakharia et al., 1994). Seg-
ment B encodes VP1 (viral RdRp), which performs essential func-
tions in viral replication and transcription (Von Einem et al., 2004).
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The potential for genetic variability in RNA viruses has long
been considered fundamental to their evolution, adaptation, and
escape from host responses (Moya et al., 2000). Since the late
1980s, when IBDV led to high economic losses to the poultry
industry, genotyping studies of the VP2 sequences have been
widely used as a way to trace changes in the virulence of IBDV iso-
lates (Banda and Villegas, 2004; Hon et al., 2006; Jackwood and
Sommer-Wagner, 2007; Sreedevi et al., 2007; Yamaguchi et al.,
1997). Most exchanges of amino acid residues in VP2 occur in
the four hydrophilic loops of the viral capsid (Coulibaly et al.,
2005). These exchanges indicate that selective pressure for the
evolution of IBDV is directly focused on the capsid regions that
are immediately exposed to the immune system (Durairaj et al.,
2011).

Epidemiological research is also critical for understanding viral
evolution. Acute severe outbreaks of IBD, due to very virulent IBDV
(vIBDV), were first detected in Europe in 1987 (Chettle et al.,
1989; Van den Berg et al., 1991) and since then have been reported
worldwide. In Brazil, severe outbreaks of IBD have been reported
since July 1997 (Di Fabio et al.,, 1999). Phylogenetic analyses of
the hypervariable regions of VP2 suggested that virulent IBDV iso-
lates in Latin America emerged from virulent strains from Europe
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or Asia (Banda and Villegas, 2004). Studies on the molecular char-
acterization of partial sequences of VP2 (Fernandes et al., 2009)
using restriction fragment length polymorphisms (RFLPs) (Gomes
et al., 2005) suggested these same origins for Brazilian IBDV iso-
lates. On the other hand, further molecular epidemiological studies
with a larger number of isolates are still needed to fully understand
the origins of IBDV in Brazil.

Prediction of viral genealogies can support an epidemiological
framework when the data are correlated in a multidisciplinary
way using evolutionary approaches, economic statistics, and infor-
mation about viral isolation (Vidigal et al., 2012). To expand our
understanding of the molecular epidemiology of IBDV in Brazil,
the coding sequences of VP1 and VP2 of 29 Brazilian isolates col-
lected in the major regions of poultry production were analyzed
by phylogenetic approaches. Additionally, viral isolates of other
countries were also analyzed to better understand the molecular
epidemiology of Brazilian IBDV isolates. The correlation of the pre-
dicted genealogies with the live poultry trade provided important
insights about the possible routes of introduction of IBDV in Brazil.
A population history of IBDV isolates was reconstructed, and selec-
tive forces that operated during the diversification of viral isolates
were also characterized, providing further information about the
evolution of IBDV.

2. Materials and methods
2.1. Viral samples

Twenty-nine samples of bursa of Fabricius were analyzed in this
work. These samples were collected in 1997 and 2000-2009 and
are representative of the major regions of poultry production in
Brazil: 4 samples from Minas Gerais (MG), 11 samples from S3o

Table 1
Sequences of the Brazilian isolates of IBDV.

Paulo (SP), 8 samples from Parana (PR), 1 sample from Mato Grosso
(MT), and 5 samples from Santa Catarina (SC) (Table 1).

2.2. RNA extraction, RT-PCR, and sequencing

Total viral RNA in the samples was extracted from 250 pL of
homogenized bursa tissue using 750 uL of TRIZOL LS reagent
(Invitrogen), according to the manufacturer’s protocol. Total RNA
was quantified by spectrophotometry (OD,go) and stored at
—80°C. Viral cDNA was amplified using the SuperScript™ III
First-Strand Synthesis System (Invitrogen) following the manufac-
turer’s instructions.

The PCR was performed using 15 pL of GoTaq Green Master Mix
(PROMEGA), 20 pmol of each specific primer, 2 pL of the viral cDNA,
and water up to 30 pL. A 625 nt VP2 fragment was amplified using
the primer pair VP2-F1 (5'-ATGACAAACCTGCAAGATCAAACC-3')
and VP2-R1 (5'-TTATGGTGTAGACTCTGGGCCTGT-3'). A 752 nt VP2
fragment was amplified using the primer pair VP2-F2 (5-AGA-
GTCTACACCATAACTGCAGCC-3') and VP2-R2 (5'-CCTCCTTATGGCC
CGGAT-3'). These two pairs of primers were designed to amplify a
sequence of 1356 nt from positions 131-1486 of segment A of the
IBDV genome, which corresponds to the coding sequence (CDS) of
the VP2 protein (452 aa). The VP1 polymerase was amplified using
primer pairs previously described by Yu et al.(2010). The 2634 nt se-
quence amplified from positions 112-2745 of segment B of the IBDV
genome corresponds to the cds of the VP1 protein (878 aa).

The PCR products were purified from agarose gels and se-
quenced by Macrogen Inc. (Seoul, Korea). The PCR products were
successfully sequenced in 6/29 VP1 reactions and 26/29 VP2 reac-
tions. Contigs of the nucleotide sequences of VP1 and VP2 were
assembled using the CAP3 program (Huang and Madan, 1999).

Target GenBank ID Isolate Area of isolation® Collection year Phylogenetic group
VP1 JN982245 SP14 SP 2004 VP1-1
VP1 JN982246 MG1 MG 2009 VP1-1
VP1 JN982247 MG38 MG 2009 VP1-1
VP1 JN982248 SC11 PR 2004 VP1-1
VP1 JN982249 SP11 PR 2004 VP1-II
VP1 JN982250 SP6 SP 2004 VP1-II
VP2 JN982251 MG8 MG 2009 VP2-1
VP2 JN982252 MG4 MG 2009 VP2-1
VP2 JN982253 SP9 PR 2004 VP2-1
VP2 JN982257 SP5 SP 2001 VP2-1
VP2 JN982270 SP14 SP 2004 VP2-1
VP2 JN982271 SC1 MT 2004 VP2-1
VP2 JN982272 Ne) SC 2005 VP2-1
VP2 JN982273 SC5 PR 2000 VP2-1
VP2 JN982274 SP3 PR 2004 VP2-1
VP2 JN982275 SP8 PR 2004 VP2-1
VP2 JN982276 SP10 SP 2001 VP2-1
VP2 JN982254 SC9 SC 2002 VP2-1I
VP2 JN982255 SP22 SP 2004 VP2-II
VP2 JN982256 SP33 SP 2003 VP2-1I
VP2 JN982258 SP17 SP 1997 VP2-I1
VP2 JN982259 SP25 SP 2001 VP2-II
VP2 JN982260 SP26 SP 2001 VP2-II
VP2 JN982261 SP28 SP 2001 VP2-I1
VP2 JN982262 SP11 PR 2004 VP2-1I
VP2 JN982263 SC6 SC 2001 VP2-II
VP2 JN982264 SP20 PR 2003 VP2-I1
VP2 JN982265 SP21 PR 2003 VP2-11
VP2 JN982266 SP30 SP 2000 VP2-1I
VP2 JN982267 Ne SC 2005 VP2-II
VP2 JN982268 SC10 SC 2002 VP2-I1
VP2 JN982269 SC12 MG 2005 VP2-1I

@ Brazilian states: MG = Minas Gerais; MT = Mato Grosso; PR = Parand; SC = Santa Catarina; SP = Sdo Paulo.
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