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In recent years very virulent (VV) IBDV strains and classical (CV) IBDV strains re-emerged and caused
devastating outbreaks in different parts of the world. In this study, genetic evolution of fifteen IBDVs
collected in Senegal in 1979, 1999, 2007, 2012, 2013 and 2014 was characterized to gain information for
a better control of IBD. Following RT-PCR, nucleotide sequence of the VP2 hypervariable region was
determined and compared with sequences available in GenBank. Phylogenetic analysis showed that the
viruses diverged into two genotypes: Very virulent (VV) IBDV and classical virulent (CV) IBDV. The
Senegalese field strains of the first genotype (VV) IBDV had 98.9 to 100% identity among themselves,
whereas their identity with reported Nigerian (VV) IBDVs ranged between 96.7 and 99%. The close
phylogenetic relationship of the Senegalese and Nigerian strains suggests that they likely derived from
a common ancestor. In the phylogenetic tree, all the Senegalese (VV) IBDV strains belonged to the
African very virulent types (VV2). The genotyping of senegalese field IBDV strains indicated that the
majority of viruses circulating in Senegal are (VV) IBDVs and highlights a genetic stability.

Key words: Infectious bursal disease, phylogenetic analysis, Senegal.

INTRODUCTION

Infectious bursal disease (IBD) is a highly contagious
acute viral disease of young chickens (3 to 6 weeks old)
that causes immunosuppression by damaging the bursa
of Fabricius. The disease is either fatal or causes
impaired growth of young chickens, resulting in significant
economic losses for the poultry industry (Islam et al.,

2005). Infectious bursal disease virus (IBDV) is a
member of the genus Avibirnavirus of the family
Birnaviridae. There are two distinct serotypes of IBDV, 1
and 2. Serotype 1 viruses are pathogenic to chickens,
while serotype 2 viruses are non-pathogenic to chickens
(Ismail et al., 1998). IBDV can also be grouped into
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pathotypes based on their pathogenicity in chickens:
They are referred to as classical virulent (CV), antigenic
variant, very virulent (VV) and attenuated (Mdller et al.,
2003).

IBDV is a double stranded RNA virus with a
bisegmented genome. The larger segment A encodes
four viral proteins designated as VP2, VP3, VP4 and
VP5. The smaller segment B encodes only VP1 which
has polymerase activity (Tamura et al.,, 2011). The
hypervariable region (HVR) within VP2, between amino
acid residues 206 and 350, has the highest amino acid
sequence variation among serotype 1 strains, and the
nucleotide and deduced amino acid sequences of this
region are widely used for molecular diagnosis and
genotyping of IBDVs. This region includes two major sets
of hydrophilic amino acids, termed peak A and B, from
amino acid positions 210 to 225 and 312 to 324,
respectively, with smaller hydrophilic peaks present in-
between (Bayliss et al., 1990). So far, the four amino acid
changes in VP2 at positions 222A, 2561, 294l, and 299S
have been shown to be present in all European-like (VV)
IBDVs and serve to differentiated (VV) from (CV) viruses
(Zierenberg et al., 2000).

During IBDV replication, the RNA-dependent
polymerase (RdRp)-error prone activity potentially leads
to a high rate of mutations resulting in antigenic variation
in protein domains involved in virus neutralization. This
process is thought to be a contributor to the emergence
of variant viruses or highly virulent forms seen in the USA
and others countries. In the USA, it was demonstrated
that the new isolates were affected by antigenic drift
against which classical IBDV vaccines were not
protective (Snyder et al., 1992), whereas in Europe, the
first cases of acute IBDV were described in the 1990s
(Dormitorio et al., 1997). Surprisingly, some of these first
acute outbreaks occurred in broilers, at the end of the
fattening period, at farms where all the necessary
hygiene and prophylactic measures had been taken.
These findings indicated a dramatic change in the field
situation (Van den Berg, 2000).

In Senegal, the first IBD outbreaks were reported in
1975 involving 21 to 60 day old broilers and pullets
(Sagna, 1975). Subsequently, IBD has become a major
player among infectious diseases of broilers and pullets,
despite routine implementation of vaccination. For
improved control of this disease in Senegal, genetic
evolution of fifteen Senegalese IBDV strains isolated in
1979, 1999, 2007, 2012, 2013 and 2014 was studied.
The hypervariable region of the VP2 gene of these field
strains was sequenced and compared to each other and
to published sequences obtained from GenBank.

MATERIALS AND METHODS
Bursa sample collection and preparation of viral suspensions

For virus detection, the bursa samples were aseptically collected

from IBD suspected dead chickens. The samples were collected
from commercial broilers and pullet flocks in 1979, 1999, 2007 and
during the period from 2012 to February 2014 (Table 1).

The samples were subjected for postmortem examination, placed
into individual sterile universal bottles and transported under cold
chain to the National Veterinary Research Laboratory, Dakar,
Senegal. A freeze-dried live vaccine (HIPRAGUMBORO® CH/80,
Hipra laboratory, Spain) containing the CH/80 strain of IBDV was
taken as positive control and phosphate buffered saline (PBS) as
negative control.

In order to prepare viral suspensions, ten milliliter of PBS (pH
7.2) was added to approximately 100 mg of bursal tissue from each
sample and homogenized using a pestle and mortar. The
homogenates were centrifuged at 12000 rpm, 4°C for 5 min and the
supernatants collected for molecular analysis.

IBDV detection by reverse transcription-polymerase chain
reaction (RT-PCR)

The viral RNA was extracted using the RNeasy Plus Mini Kit
(QIAGEN) from bursal suspensions according to the manufacturer’s
protocol and was subjected to RT-PCR.

A 743-bp segment of the highly variable region of VP2 from
nucleotides 737 to 1479 was amplified using primers 743-1 (5"-
GCCCAGAGTCTACACCAT-3) and 743-2 (5'-
CCCGGATTATGTCTTTGA- 3') (Jackwood et al., 2011). These
primers used for both RT and PCR are located in a conserved
sequence region and amplify this portion of genome segment A
from all serotype 1 IBDV strains including vIBDV and non-vvIBDV.
They do not amplify genome segment A from serotype 2 viruses.
The RT-PCR reactions were conducted using the QIAGEN One
Step RT-PCR kit according to the manufacturer's instructions. For
one test, the reaction mixture consisted of 15 pl RNase free water,
5 ul purified RNA, 10 yIl PCR Buffer Tampon 5X , 2 yl of 10 mM
dNTPs mix, 3 pl of each primer (10 uM), 10 ul of Q 5X Solution and
2 yl of one Step RT-PCR Enzyme mix. PCR tubes were placed in
the Bio-Rad MJ Mini Personal Thermal Cycler and subjected to 35
amplification cycles.

The RT incubation was at 50°C for 30 min followed by 95°C for
15 min to activate Taq polymerase enzyme and 35 cycles of 95°C
for 30 s, 53°C for 1.5 min and 72°C for 1.0 min. At the end of the 35
PCR cycles, a 7.0 min at 72°C extension period was added.

The PCR products were analysed on 2% agarose gels prepared
in Tris-Acetate-EDTA (TAE) buffer and stained with ethidium
bromide. Eight micro-liter of the PCR product from each of the
tubes were mixed with 2 pl 6X Load Dye and electrophoresed along
with a DNA ladder 100 pb (Promega) at a constant 100 V for 60 min
in 1 X TAE buffer. Amplified product was viewed under UV light for
the expected 743 bp. Before sequencing, the amplified products
were purified by “QlAquick PCR Purification Kit” (QIAGEN).

Sequencing and phylogenetic analysis

The RT-PCR products for fifteen selected positive samples were
sequenced at the Genomics Platform GeT-Purpan, UDEAR UMR
5165 CNRS/UPS, CHU PURPAN, France on a 3130XL Applied
Biosystems capillary sequencer. Samples were first purified using
the QIAquick PCR Purification Kit (Qiagen). Sanger sequencing
was carried out using the same primers as those used for the PCR.
Sequences were aligned with reference strains from the GenBank
database using Clustal W and a phylogenetic tree of the
nucleotides was constructed using MEGA version 5.10 (Tamura et
al., 2011) with up to 1000 bootstrapping replicates. The neighbor
joining (NJ) method and Pairwise distance were used.

Accession numbers of sequence data. The nucleotides sequence
data reported in this article have been submitted to the GenBank
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Table 1. Description of IBDV strains investigated in this study.
Isolate Iszl::ron locality Flock type Field Er;/oo)rtallty Vaccination (cffyi) accegsigﬁinukmber
IBDV/DK9/SN/2013 2013 Dakar Broilers 57.6% (day 3) + 19 KP773414
IBDV/DK3/SN/2012 2012 Dakar Broilers > 17% (day 1) + 28 KP773415
IBDV/DK6/SN/2012 2012 Dakar Broilers NI NI 38 KP773416
IBDV/DK2/SN/2013 2013 Dakar Pullets > 16.7% (day 1) + 22 KP773417
IBDV/DK1/SN/2014 2014 Dakar Pullets 50-54% + 31 KP773418
IBDV/DK3/SN/2014 2014 Dakar Broilers 20.5% (day 1) NI 32 KP773419
IBDV/KL1/SN/2013 2013 Kaolack Pullets 16% (day 1) + 33 KP773420
IBDV/TH1/SN/2014 2014 Thiés Broilers >28% NI 26 KP773421
IBDV/TH2/SN/2014 2014 Thiés Broilers 41.7% + 23 KP773422
IBDV/ST1/SN/2012 2012 ST Louis  Pullets 46 -37.6% (day 2) + 40 KP773423
IBDV/ST1/SN/2013 2013 ST Louis  Broilers > 63.1% + 34 KP773424
IBDV/DK1/SN1979 1979 Dakar NI NI NI NI KP773425
IBDV/DK2/SN/1979 1979 Dakar NI NI NI NI KP773426
IBDV/DK1/SN/1999 1999 Dakar NI NI NI NI KP773427
IBDV/DK1/SN/2007 2007 Dakar NI NI NI NI KP773428

NI, No Information; +, Vaccination via drinking water with intermediate or intermediate plus IBDV strains.

sequence database and have been assigned the accession
numbers.

RESULTS
Nucleotide sequence analysis

The nucleotide sequence of the hypervariable domain of
VP2 from nucleotide positions 737 to 1479 was
determined for the fifteen samples in this study (Table 1)
and sequences were submitted to GenBank. Thus, the
analysis revealed that the Senegalese field IBDV strains
had 98.9 to 100% identity among themselves, whereas
their identity with the reported Nigerian (VV) IBDV strains
(IBDV33/Abuja. NG/2011, IBDV61/Kaduna. NG/2009,
IBDV43/Kaduna. NG/2011, IBDV79/Kaduna. NG/2011,
IBDV2/Kaduna. NG/2009, IBDV58/Kaduna. NG/2010)
ranged between 96.7 and 99%. These Senegalese field
isolates were more close to the Nigerian (VV) IBDV

isolates IBDV33/Abuja. NG/2011, IBDV61/Kaduna.
NG/2009, IBDV43/Kaduna. NG/2011, IBDV79/Kaduna.
NG/2011, IBDV2/Kaduna. NG/2009, IBDV58/Kaduna.

NG/2010 (identity up to 99%) than the reported Asian
and European (VV) IBDV strains OKYM and Cro-lg/02
(identity up to 96.9%). The Senegalese field isolates
IBDV/DK3/SN/2014 and IBDV/KL1/SN/2013 shared 94.6
to 96.9% identity within themselves. The identity of these
Senegalese field isolates with the American and
European reported (CV) IBDVs (STC, Cu-1, Vaccine
Cevac-IBD-L and Faragher/52-70) ranged between 94.6
and 100% identity. All the fifteen Senegalese field
isolates studied had a minimum identity of 68.9% with
serotype 2 strain IBDVP234 and a maximum identity of
71.0%.

Deduced amino acid sequence analysis

Amino acid sequence analysis revealed 100% sequence
similarity among the Senegalese field isolates (Figure 1).
Their identity with the Nigerian IBDV strains
(IBDV33Abuja. NG/2011, IBDV61/Kaduna. NG/2009,
IBDV43Kaduna. NG/2011, IBDV79Kaduna. NG/2011,
IBDV2Kaduna. NG/2009, and IBDV58Kaduna. NG/2010)
was also 100%. Their similarity with other reported (VV)
IBDVs (Cro-1g/02, OKYM, IBDV80/Kaduna. NG/2011,
050 Oyo. NIE/99, 042 Oyo. NIE/00, 034 Oyo. NIE/99, and
082 Ogun. NIE/97) ranged between 96.9 and 99.2%. The
amino acid sequence of the Senegalese field isolates
IBDV/DK3/SN/2014 was similar to the strain IBDV/KL1/

SN/2014 (99.2%). The Senegalese field isolate
IBDV/DK9/SN/2013, IBDV/DK3/SN/2012,
IBDV/DK6/SN/2012, IBDV/DK1/SN/2014,
IBDV/ST1/SN/2012, IBDV/TH1/SN/2014,
IBDV/ST1/SN/2013, IBDV/DK1/SN/1999,
IBDV/DK2/SN/2013, IBDV/DK1/SN/2007,

IBDV/DK1/SN/1979 and IBDV/TH2/SN/2014 harbored
amino acids 222(A), 242(1), 256(1), 294(1), 299(S) and
300 (A). The strains IBDV/DK3/SN/2014 and
IBDV/KL1/SN/2013 had 222(P) or 222(S), 256(V) and
299(N) which allow for the distinction between (VV) and
(CV) IBDVs from (CV) IBDVs. All the Senegalese strains
had the same amino acid markers at position 253 (Q),
279 (D) and 284(A) (Figure 1).

Phylogenetic analysis

Phylogenetic analysis based on nucleotide sequence
revealed that all fifteen Senegalese field isolates fell
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Figure 1. Deduced amino acid sequences of VP2 hypervariable domain from amino acid positions 211 to 340 of serotype 1 strains. Compared
amino acid sequences and corresponding accession numbers include those of Senegalese field IBDV strains (accession numbers will be
created in GenBank), representative sequences of European, Asian and Nigeria VV (VV3) (OKYM), Nigerian VV1 representative sequence
(VV1) (042 Oyo.NIE.00), Nigerian VV2 representative sequence (IBDV58.Kaduna.NG/2010, IBDV33Abuja.NG/2011), Variant strain (AL2,
JF73601), classical virulent strains (STC, Faragher/52-70) and the classical Vaccine Cevac-IBD-L).



within the serotype 1 viruses and form two separate
genotypes. The (VV) genotype included the Senegalese

strains IBDV/DK9/SN/2013, IBDV/DK3/SN/2012,
IBDV/DK6/SN/2012, IBDV/DK1/SN/2014,
IBDV/ST1/SN/2012, IBDV/TH1/SN/2014,
IBDV/ST1/SN/2013, IBDV/DK1/SN/1999,
IBDV/DK2/SN/2013, IBDV/DK1/SN/2007,

IBDV/DK1/SN/1979 and IBDV/TH2/SN/2014 as well as
the reported (VV) IBDVs isolates from Nigeria, Europe
and Asia. In the tree, the (VV) genotype was subdivided
into three major clusters namely VV1, VV2 and VV3. All
these Senegalese (VV) IBDV strains were grouped with
Nigerian (VV) IBDV strains (IBDV33/Abuja.NG/2011,
IBDV61/Kaduna.NG/2009, IBDV43/Kaduna.NG/2011,
IBDV79/Kaduna.NG/2011, IBDV2/Kaduna.NG/2009, and
IBDV58/Kaduna.NG/2010) in the cluster VV2. The
reported strains 050 Oyo.NIE/99, 042 Oyo.NIE/00, 034
Oyo.NIE/99 and 082 Ogun.NIE/97 formed the cluster
VV1 and the reported strains Cro-lg/02, OKYM,
IBDV80/Kaduna.NG/2011 were regrouped in the cluster
VV3. In the classical genotype cluster, the Senegalese
strains IBDV/DK3/SN/2014 and IBDV/KL1/SN/2013 were
closely related to the classical strains STC, Cu-1,
Vaccine Cevac-IBD-L and Faragher/52-70 isolated in the
US.A. and Europe. The (CV) IBDV strain
IBDV/DK2/SN/1979 showed 100% nucleotide sequence
identity compared with the Cevac-IBD-L vaccine (Figure
2).

DISCUSSION

Infectious Bursal disease is one of the major problems
faced by modern poultry farming in Senegal and is
responsible for considerable economic losses particularly
in broiler farms. The first cases of IBD diagnosed
clinically were recorded in 1975 in Dakar with an
important mortality rate (Sagna, 1975). Since then IBD
outbreaks have been noted in broilers and layers
chickens in modern poultry farming throughout Senegal.
The Senegalese VV strains showed intra-group
nucleotide sequence identities within themselves of 98.9
to 100% and amino acid sequence identities of 100%.
They were all grouped in the same cluster VV2 with six
Nigerian (VV) IBDVs (IBDV33/Abuja.NG/2011,
IBDV61/Kaduna.NG/2009, IBDV43/Kaduna.NG/2011,
IBDV79/Kaduna.NG/2011, IBDV2/Kaduna.NG/2009 and
IBDV58Kaduna.NG/2010). These Senegalese strains
were closely related to the reference (VV) IBDV strains
from Europe (Cro-1g/02) and from Asia (OKYM) but
belonged to a different lineage. The Senegalese strain
IBDV/TH2/SN/2014 and the Nigerian  strains
IBDV33/Abuja.NG/2011 and IBDV61/Kaduna.NG/2009
were found to share 99 and 100% identity at the
nucleotide and amino acid levels, respectively. It could be
speculated that the same IBDV strains were exchanged
between the two countries or that the outbreaks in the
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two countries might have a common source. However,
the epidemiological links between the outbreaks in the
two countries are not known. These findings demonstrate
the presence of African (VV) IBDV type in Senegal since
1979. Kasanga et al. (2007) reported that the African
genetic lineage may have spread worldwide later on. This
suggests that similar viruses clustering in VV2 may exist
in other countries in West Africa.

Genetic stability over time within the VP2 hypervariable
domain has been detected in Italy (Martin et al., 2007).
This is in contrast to the sequence heterogeneity
detected among (VV) IBDV isolates from other African
countries. Indeed, Adamu (2013) reported in Nigeria a
high level of genetic heterogeneity and two distinct
genetic clusters, specifically VV1 and VV2. The high
degree of sequence diversity among Nigerian (VV) IBDV
isolates suggests that West-Africa may be the origin of
the newly emerged (VV) IBDV variant found across the
Old World (Owoade et al., 2004). In Tanzania, Kasanga
et al. (2007) reported the circulation of the (VV) IBDV
isolates from both Asian/European lineages.

The phylogenetic analysis showed that the Senegalese
strains IBDV/DK3/SN/2014, and IBDV/KL1/SN/2013
belonged to the (CV) genotype. These strains were
related to the reference (CV) IBDV from the U.S.A. (STC,
Cu-1) and from Europe (Faragher/52-70) but they also
clustered in a different sub-lineage. According Sagna
(1975) the Cevac-IBD-L vaccine containing intermediate
plus strains was widely imported and used by the
Senegalese poultry farmers since 1975. And this vaccine
preserved an important residual pathogenic power which
caused IBD.

Antigenic variation of IBDVs is largely due to mutations
occurring in two main hydrophilic regions of VP2, located
between amino acid residues 212 to 223 and amino acid
residues 314 to 324 (Vakharia et al., 1994). It has been
reported that the amino acid composition at position 222
can be used to define groups of IBDVs. Classical viruses
typically harbor a proline at position 222, variant viruses a
threonine and a serine at position 222 can be found in
both classical and variant viruses (Dormitorio et al.,
1997). The results revealed that all the Senegalese (VV)
IBDV strains contained the putative virulence marker
amino acids at positions 222(A), 242(1), 256(1), 294(1) and
299(S) (Figure 2), which have been identified in most
(VV) IBDVs (Kasanga et al., 2007). The amino acids at
positions 222 (A), 256 (1) and 294 (1) were reported to be
unique to all known (VV) IBDV strains (Banda et al.,
2004). In addition, these strains retained the amino acid
substitution at position 300 (E—A) in the minor
hydrophilic region of the VP2 variable domain, as was
also observed in the African (VV) IBDVs from Tanzania
(Owoade et al., 2004), Zambia (Kasanga et al., 2013)
and Nigeria (Adamu et al., 2013). All the Senegalese
IBDV strains had the same amino acid sequences at
positions 253 (Q), 279 (D) and 284 (A). Similarly,
Mawgod et al. (2014) reported the same amino acid
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Figure 2. Phylogenetic tree calculated by the neighbor-joining (NJ) method based on the hypervariable
domain of the VP2 capsid gene of IBDV serotype 1 strains using nucleotide alignment created in Clustal W,
MEGA 5.10. The numbers at nodes indicate the bootstrap values (1000 replicates) in important junctions of
the tree. VV, Very virulent genotype subdivided in clusters VV1, VV2 and VV3; and CV, Classic Virus; Isolates
from Senegal are marked with B sign; Accession numbers: VV1 (050 Oyo.NIE/99, AJ586956; 042
Oyo.NIE/00, AJ586959; 034 Oyo.NIE/99, AJ586953; and 082 Ogun.NIE/97, AJ586934); VV2
(IBDV33/Abuja.NG/2011, JX424059; IBDV61/Kaduna.NG/2009, JX424069; |BDV43/Kaduna.NG/2011,
JX424064, IBDV79/Kaduna.NG/2011, JX424078; IBDV2/Kaduna.NG/2009, JX424048,
IBDV58/Kaduna.NG/2010, JX424067); VV3 (IBDV80/Kaduna.NG/2011, JX424079; Cro-1g/02, EU184685;
OKYM, D49706; CV (Faragher/52-70, Y14958; Cu-1/726-1115, D00867; STC, D00499; Bursine plus,
AF498632; Vaccine Cevac-1BD-L, EU544157; Variant (AL2, JF73601; BX, AF413070); IBDVP234, M66722.

sequences at these positions of the VP2 in field strains in to highly virulent IBDVs (Brandt et al., 2001).
Egypt. The amino acids at positions 253 and 284 were These observations confirm the circulating of (VV)
found to be responsible for pathogenicity and are unique IBDVs in Senegal with high mortality. Consequently, a



variety of freeze-dried live vaccines containing inter-
mediate plus IBDV strains are widely used in Senegalese
commercial chickens to get better protection against
currently circulating (VV) IBDV. Thus, the pathogenicity
and protective efficacy of these vaccine strains need to
be evaluated for a better control of the IBD in Senegal.

In conclusion, we have studied the genetic evolution of
the Senegalese field IBDVs isolated in 1979, 1999, 2007,
2012, 2013 and 2014. Thus, on the basis of nucleotide
and deduced amino acid sequences, the study reveals
that the majority of viruses circulating in Senegal is (VV)
IBDV and indicated (VV) IBDV as a main cause of
substantial economic losses in the Senegalese poultry
industry. We found that all Senegalese (VV) IBDVs
cluster phylogenetically with (VV) IBDVs from Nigeria in
an African genetic lineage, independent of the
Asian/European genetic lineage. The origins of the
African genetic lineage remain unclear, and need to be
investigated. The study indicates genetic stability over
time within the VP2 variable domain since 1979.
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