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Summary. – The reverse transcription PCR (RT-PCR) combined with restriction fragment length polymorphism (RFLP) is used for the differentiation of classical virulent (cv), virulent (v) and very virulent (vv) strains
of infectious bursal disease virus (IBDV) isolates from chicken bursal tissues in southern states of India. In the
present study, six different isolates (MB11, HY12, PY12, BGE14, VCN14 and NKL14) of IBDV strains were
subjected for genotyping along with vaccine virus (Georgia, intermediate strain) using RT-PCR for amplification of a 743 bp sequence in the hypervariable region of VP2 gene followed by restriction enzyme digestion
with 5 different restriction enzymes (BspMI, SacI, HhaI, StuI and SspI). The RT-PCR products obtained from
vvIBDV strains were digested by SspI enzyme except PY12, BGE14 and MB11 isolates. The SacI digested the
isolate MB11, PY12 and the vaccine strain, but it did not cleave the very virulent isolates of IBDV. HhaI cleaved
all the isolates with different restriction profile patterns. StuI digested all the vvIBDV isolates and BspMI was
not able to differentiate field isolates from vaccine strain. Though RT-PCR combined with RFLP is a genotypic
method, further confirmation of serotypes to distinguish the vvIBDV from cvIBDV has to be carried out using
pathogenicity studies.
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Introduction
Infectious bursal disease (IBD), a highly contagious disease of poultry industry is caused by infectious bursal disease
virus (IBDV) belonging to the genus Avibirnavirus. The
acute form of this disease occurs during the age of 3–6 weeks
(Kibenge et al., 1988; Balamurugan and Kataria, 2006). IBDV
replicates in the lymphocytes of the bursa of Fabricius and
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causes immunosuppressive disease that may cause death or
impaired growth in young chickens. Although IBDV persists
in chickens for a short period of time, the lesions in the bursa
can last for at least 10 weeks resulting in immunosuppression
of infected chickens (Winterfield et al., 1972).
Members of the Birnaviridae family are characterized by
a double stranded RNA (dsRNA) genome consisting of 2
segments, A and B (Delmas et al., 2005). Smaller genomic
segment B (approximately 2.9 kb) encodes VP1 while the
larger genomic segment A (approximately 3.3 kb) encodes
a 109 K precursor polyprotein in which the viral polypeptides are arranged in the order N-VP2-VP4-VP3-C. The
structural proteins VP2 and VP3 form the outer and inner
capsid of the virus (Caston et al., 2001). The antigenic sites
responsible for the induction of neutralizing antibodies are
highly conformation dependent and located on VP2 (Becht
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et al., 1988). The VP2 gene of IBDV contains variable region
which suggests the potential differentiation of IBDV strains.
The outcome of an IBDV infection largely depends on the
strain and the amount of infecting viruses, the age and the
breed of the bird, the route of inoculation and the presence
or absence of neutralizing antibodies (Muller et al., 2003).
Reverse transcription PCR (RT-PCR) is a molecular tool
frequently applied in IBDV diagnostics. Most of the RT-PCR
protocols are based on VP2 nucleotide sequences. RT-PCR
followed by digestion with multiple restriction enzymes
(RE) or restriction fragment length polymorphism (RFLP)
and nucleotide sequencing of VP2 gene have been used for
differentiation of IBDV strains (Dybing and Jackwood, 1996;
Jackwood and Nielsen, 1997; Ture et al., 1998). Amplification
of VP2 gene of IBDV and linking genetic variations found
in this region with antigenic variation have been the major
focus for strain identification in recent years.
In the present study, restriction fragment profiles of partial genomic segment A of six IBDV isolates (MB11, HY12,
PY12, BGE14, VCN14 and NKL14) obtained from various
outbreaks in southern states of India were determined in
order to establish a genetic relationship for these viruses
and also to assess their strain virulence type. Five restriction
enzymes (StuI, SspI, BspMI, HhaI and SacI) were included for
the differentiation of the Indian IBDV isolates and identifying them as virulent, very virulent or classical strain.

Materials and Methods
Bursal tissue samples were collected from suspected outbreaks
of IBD in various poultry farms in southern states of India and six
IBDV isolates (MB11, HY12, PY12, BGE14, VCN14 and NKL14)
were obtained from different places such as Tamil Nadu, Andhra
Pradesh, Karnataka and Pondicherry. RNA extraction from all
the six IBDV isolates and the vaccine strain (Georgia intermediate) as control, was carried out using Trizol reagent (RNA isoplus,
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Table 1. List of restriction enzymes and their restriction activity
in differentiation of IBDV isolates
Presence of restriction sites (activity)
Restriction
enzyme

Classical
virulent

Vaccine
(Georgia intermediate)

Very virulent

HhaI

+

+

+

SacI

+
_

+
_

+

StuI

–

(+) = the partial VP2 gene of IBDV isolates are digested by restriction
enzymes; (–) = the partial VP2 gene of IBDV isolates are not digested.

Takara). The extracted RNA was subjected to synthesis of cDNA
using commercial cDNA synthesis kit (RevertAid first strand
H- cDNA synthesis, Thermoscientific, USA) according to manufacturer's instructions.
The VP2 gene hypervariable region (Bayliss et al., 1990) of 743
bp was amplified using the primers 743-FP-(5'-GCCCAGAGT
CTACACCAT-3') and 743-RP-(5'-CCCGGATTATGTCTTTGA-3')
(Jackwood and Sommer-Wagner, 2005). The reaction was carried
out in a thermalcycler (Veriti, Applied Biosystems) with initial
denaturation of 94ºC for 2 min, followed by 30 cycles of 94ºC for
1.5 min, 53ºC for 1 min, 72ºC for 1 min and a final extension at
72ºC for 5 min. The PCR amplified products were purified using a PCR purification kit (Bio Basic Inc, Canada) and digested
with the restriction enzymes (BspMI, SacI, HhaI, StuI, and SspI)
(Table 1) according to the manufacturer's instructions (New England Biolabs, UK).

Results and Discussion
Bursal tissue samples were subjected to RNA and RTPCR amplification of variable region of VP2 gene of IBDV
using specific primers with vaccine as positive control. The

Fig. 1
RT-PCR amplification of 743 bp variable region in VP2 gene
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Fig. 2
HhaI digestion of RT-PCR amplified product of VP2 gene
The restriction profile of MB11 and PY12 isolates were similar to the vaccine strain (GV), and the isolates HY12, BGE14, VCN14 and NKL14 had more
than one restriction site for HhaI enzyme. The restriction profile varied between different isolates.

VP2 regions of the six IBDV isolates (MB11, HY12, PY12,
BGE14, VCN14 and NKL14) were amplified along with
vaccine virus (Fig. 1).
The HhaI digestion of the PCR amplified products revealed the presence of restriction enzyme sites in the vaccine as well as field isolates. Though the vaccine strain and
field isolates had a single restriction site for HhaI, the field
isolates showed a different restriction profile pattern. The
restriction profile of MB11 and PY12 isolates were similar
to the vaccine strain. Whereas, the isolates HY12, BGE14,
VCN14 and NKL14 had more than one RE sites for HhaI
enzyme. However, the restriction profile varied between
isolates (Fig. 2).
The SacI digestion with partial VP2 amplified products
of MB11 and PY12 showed the presence of one RE site
and the restriction profile was similar to that of vaccine

strain. The other field isolates were not digested by SacI
enzyme. This indicated that these isolates (HY12, BGE14,
VCN14 and NKL14) are neither similar to vaccine strain
(intermediate) nor classical strains of IBDV (Fig. 3). The
SspI digestion of PCR amplified products showed a single
RE site in HY12, VCN14 and NKL14 isolates. The SspI RE
site was not observed in MB11, BGE14, PY12 and vaccine
strain. The restriction profile of HY12 and VCN14 amplified
products were the same and produced two different fragments. Whereas the restriction profile of NKL14 isolate was
different from other isolates and had 2 restriction enzyme
sites for SspI (Fig. 4).
The profile pattern with the enzyme BspMI did not show
any differences between the vaccine strain and other field
isolates (Fig. 5). The StuI digestion with vaccine strain, MB11
and PY12 isolates revealed the absence of RE site for this

Fig. 3
SacI digestion of RT-PCR amplified product of VP2 gene
The restriction profile of MB11 and PY12 isolates showed the presence of a single restriction site and the restriction profile was similar to that of vaccine
strain (GV). The other isolates were not digested by SacI enzyme.
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Fig. 4
SspI digestion of RT-PCR amplified product of VP2 gene
The restriction profile of HY12, VCN14 and NKL14 isolates showed the presence of a single restriction site. The SspI restriction site was not observed
in MB11, BGE14, PY12 and vaccine strain (GV). The restriction profile of HY12 and VCN14 was the same and produced two different fragments. The
restriction profile of NKL14 isolate had 2 restriction sites.

enzyme whereas BGE14, HY12, VCN14 and NKL14 isolates
had a single site for this enzyme (Fig. 6). The restriction profile was also the same for all the very virulent field isolates.
The high mutation rate of the RNA polymerase of RNA
viruses and lack of proof reading generate a genetic diversity
that could lead to emergence of viruses with new properties,
allowing them to persist in immune population (Lukert and
Saif, 2003). Differentiation between cvIBDV and vvIBDV is
very important to poultry industry with regard of choosing
the appropriate vaccination programs. The application of
RT-PCR combined with restriction enzymes was able to rapidly
differentiate between classical and vvIBDV standard strains
(Zierenberg et al., 2001). The VP2 region might be undergoing
rapid genetic changes and IBD viruses were more prone for
mutation thereby rendering it virulent (Adamu et al., 2013).

In the present study, the VP2 gene of IBDV isolates obtained from southern states of India was targeted to identify
and to track the evolutionary changes at molecular level by
nucleotide sequence analysis. The various pathotypes of the
IBDV strains were determined using the presence of various
restriction enzyme sites in the variable region of VP2 gene
using PCR-RFLP. The results showed that four of the six
field isolates are very virulent and the isolate MB11, PY12
is belonging to the classical strains of IBDV.
The HhaI enzyme digestion of PCR amplified product of
VP2 gene variable region showed the presence of RE sites
with different restriction profile for vaccine as well as field
isolates of IBDV. Whereas Kataria et al. (1999) reported
the presence of single RE site only in vaccine strains not in
vvIBDV isolates. Shoshtari et al. (2004) reported that RT-

Fig. 5
BspMI digestion of RT-PCR amplified product of VP2 gene
The restriction profile pattern did not show any differences between the vaccine strain (GV) and other isolates.
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Fig. 6
StuI digestion of RT-PCR amplified product of VP2 gene
The restriction profile of vaccine strain (GV), MB11 and PY12 isolates revealed the absence of any restriction site, whereas BGE14, HY12, VCN14 and
NKL14 isolates had a single restriction site.

was simple and a sensitive method for detection of genetic
variation among isolates that are closely related serologically.
Our study is also in agreement with Sellers et al. (1999) and
De Paula et al. (2004) that the SacI site is present only in
cvIBDV. The SacI RE site might have been introduced into
the genome of cvIBDV strain by silent mutation at the nucleotide position 867 (Zierenberg et al., 2001).
The SspI enzyme had a single RE site in the vvIBDV field
isolates such as HY12, VCN14 and NKL14 whereas this site
was absent in BGE14. But BGE14 was classified as vvIBDV
with observations from other RE enzymes. The isolates
MB11, PY12 and vaccine strain did not have site for SspI
enzyme and indicated that they belonged to the cvIBDV. Our
result was in accordance with Shoshtari et al. (2004) as they
reported that only vvIBDV had single site for SspI enzyme.
De Paula et al. (2004) reported that an amino acid substitution was observed in the SspI site in non-vvIBDV strains.
Juneja et al. (2008) reported the presence of SspI restriction
enzyme site in all the field isolates and not in vaccine strain
(Lin et al., 1993; Hoque et al., 2001). The vvIBDV isolates,

PCR amplification and RE analysis of 643 bp fragment in
VP2 gene of field classical and vaccine strains were cleaved
with HhaI whereas very virulent field IBDV isolates were not
cleaved. But in the present study, presence of HhaI site in
the genome of vvIBDV is reported in Indian isolates and observed to produce different restriction profile among Indian
isolates of vvIBDV. The isolates HY12, BGE14 and NKL14
showed differences in profile pattern among themselves and
to the vaccine strain. From this study it was observed that
HhaI enzyme was not an appropriate enzyme to differentiate
the cvIBDV from vvIBDV.
Shoshtari et al. (2004) reported that SacI enzyme cleaved
the PCR amplified products of field isolates of classical IBDV
and vaccine strains. Whereas, in the present study, digestion
of MB11, PY12 isolates with SacI showed the restriction profile similar to that of vaccine strain. But other field isolates
were not cleaved by SacI, indicated the absence of SacI site
in the 743 bp PCR amplified products belonging to the very
virulent strains of IBDV. Loss of SacI RE site offered a rapid
method of RFLP analysis and proved that RT-PCR/RFLP

Table 2. Differentiation of IBDV field isolates with different restriction enzymes and their restriction profile pattern
Restriction enzyme
IBDV isolates
Vaccine (Georgia)
MB11
HY12
PY12
BGE14
VCN14
NKL14

HhaI

SacI

StuI

SspI

BspMI

+
+
+
+
+
+
+

+
+
–
+
–
–
–

–
–
+
–
+
+
+

–
–
+
–
–
+
+

+
+
+
+
+
+
+

(+) = IBDV isolates are digested by the enzymes; (–) = IBDV isolates are not digested.

Classification
of isolates
Intermediate
Classical virulent
Very virulent
Classical virulent
Very virulent
Very virulent
Very virulent
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88180 and HK46 did not have site for SspI (Eterradossi et
al., 1999; Lim et al., 1999). Consequently, this SspI site was
used as genetic marker to predict a vvIBDV. But Roussen et
al. (2012) reported that all the vvIBDV strains do not have
SspI site as a marker and the SspI site is found in some nonvvIBDV strains also.
The RE digestion pattern with BspMI on hypervariable
region of VP2 did not reveal any difference in the profile pattern among the isolates and the vaccine strain in the present
study. According to Razmyar and Peighambari (2007), the
BspMI digested only very virulent strains. Zierenberg et al.
(2001) used BspMI analysis to compare serotype I (classical
and vvIBDV) and serotype 2, in which the BspMI cleaved
the vvIBDV except a West African strain, 88180 (vvIBDV)
due to silent mutations. The BspMI cleavage site found in
vvIBDV strains correlated with the amino acid position 222
(proline to alanine) in the major hydrophilic peak A of the
VP2 hypervariable region. This amino acid exchange was
conserved in all the vvIBDVs (Brown et al., 1994; Kataria
et al., 2001).
The StuI enzyme did not digest MB11, PY12 and vaccine
strain whereas the field isolates HY12, VCN14 and NKL14
were cleaved by this enzyme, indicating that these isolates
belong to vvIBDV. Our results are also in correspondence
with Shoshtari et al. (2004), who reported the presence of
single RE site for StuI in vvIBDV. Juneja et al. (2008) also
reported that StuI restriction site was present only in vvIBDV
and not found in vaccine strains.
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