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Summary. - The techniques of reverse transcription-polymerase chain reaction (RT-PCR) and restriction 
analysis were used to differentiate highly virulent Indian field isolates of infectious bursal disease virus (IBDV) 
from vaccine strains. Primers were designed to amplify the variable region of VP2 gene coding for major virus 
neutralizing epitopes. The 552 bp PCR products generated from four vaccine strains and five field isolates 
were digested with restriction enzymes Dral, Hltal, Mval, Stul, Styl, and Taql, which could differentiate field 
isolates from vaccine strains. Based on restriction enzyme profiles derived from published sequences, Indian 
field isolates seem to be closely related to highly virulent Japanese, European, and Chinese strains of the 
virus. 
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Introduction 

Infectious bursal disease (IBD) is a highly contagious viral 
disease causing heavy economic losses to the poultry industry 
worldwide. IBDY the causative agent of the disease, belongs 
to the Avibirnavirus genus o f  the family  Birnaviridae. 
Association of concurrent bacterial and viral infections is a 
common feature of the disease because virus multiplies and 
destroys the lymphoid cells in the bursa of Fabricius, resulting 
in immunosuppression (Saif, 1991). Out of the two serotypes 
of  IBDV reported, only serotype 1 viruses with many subtypes 
are pathogenic to chicken, while serotype 2 viruses are 
apathogenic (Ismail et al, 1988). The virus genome has two 
segments o f  double-stranded RNA. Large A segment 
(approximately 3.3 kb) encodes viral proteins VP5, VP2, VP4, 
and VP3.  VP2-VP4-VP3 encoded as  a polyprotein is  
autocleaved into VP2 and VP3, major structural proteins, and 
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VP4, a viral protease (Hudson et al, 1986). The function of 
VP5, encoded by upstream overlapping codons, is still unknown 
(Mundte/a/., 1995). Small B segment (approximately 2.8 kb) 
encodes a single viral polypeptide VP1 considered to be RNA 
polymerase (Morgan  et al, 1988). V P 2  i s  the m a j o r  
immunogenic protein in which most of  the conformational 
neutralizing epitopes are confined to a small variable region 
between amino acids 206 and 350 (Vakharia et al, 1994). 
Strains of different antigenic structure and virulence, due to 
variation in this VP2 region, have been reported from various 
countries, against which already existing vaccines were found 
to be ineffective (Snyder etal, 1988; Chettle et al., 1989; Lin 
etal., 1993). 

In India, until late 1992, the disease was well under control 
by the use of  effective attenuated and killed vaccines. Later, 
appearance of  highly virulent virus isolates causing up to 
7 5 %  mortality in growing layer and broiler flocks led to 
huge economic losses (Sah et al, 1995). Conventionally, 
more cumbersome methods like virus neutralization or 
virulence studies in SPF chicks have been used for  the 
differentiation of IBDV strains of  varying antigenicity and 
virulence. RT-PCR followed by restriction analysis of variable 
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Table 1. Description of  IBDV strains a n d  isolates 

Strain/isolate Type of strain/isolate Source 

Georgia 
Intermediate plus (Im+) 
Tri-bio 
Lukert 
UP 1/97 
CH2/97 
HR1/96 
MH1/97 
JK1/97 

Vaccine, intermediate type 
Vaccine, intermediate type 
Vaccine, intermediate type 
Vaccine, mild type 
Highly virulent, field isolate 
Highly virulent, field isolate 
Highly virulent, field isolate 
Highly virulent, field isolate 
Highly virulent, field isolate 

Indovax Pvt. Ltd., India 
Ventri Biologicals, Pune, India 
Ventri Biologicals, Pune, India 
Ventri Biologicals, Pune, India 
Bursa of infected birds from an outbreak in Uttar Pradesh, India. 
Bursa of infected birds from an outbreak in Union Territory of  Chandigarh, India. 
Bursa of infected birds from an outbreak in Haryana, India 
Infected bursa from an outbreak in Maharastra, India 
Infected bursa from an outbreak in Jammu and Kashmir, India 

VP2 region has been found to be an easy and rapid method to 
differentiate and classify IBDV strains of different virulence 
and antigenicity (Lin et al., 1993; Jackwood and Jackwood, 
1997). 

Here, w e  report differentiation of f ive  highly virulent field 
isolates of IBDV from different geographical regions of India 
from four vaccine strains by  using RT-PCR and restriction 
analysis of  a 552 bp sequence from variable region of  VP2 
gene. 

Materials a n d  Methods 

Virus and cell culture. Four vaccine strains of IBDV already 
adapted to primary cultures of chicken embryo fibroblasts and five 
virulent field isolates, obtained as IBDV-infected bursal tissues from 
the disease outbreaks in different parts of India, were used in this 
study. Details of the viruses are given in Table 1. 

Fig. 1 
Agarose gel electrophoresis o f  p u r i f i e d  552 b p  RT-PCR products 

DNA size marker, 100 bp ladder (lane M). 

Extraction of total RNA from IBDV-infected cell cultures (vac­
cine strains) showing 60-70% cytopathic effect, was carried out 
by adding TRIzol reagent (Life Technologies Inc., USA) directly 
to infected monolayers. RNA from IBDV-infected bursal tissues 
(field isolates) was extracted by homogenizing the tissues in TRI­
zol according to the manufacturer's protocol. RNA samples dis­
solved in nuclease-free water were stored at -20°C until used. For 
negative controls, RNA from mock-infected chicken embryo fib­
roblast cultures and healthy bursa was used. 

RT-PCR. The reverse transcription was carried out by a method 
described earlier (Kataria etal, 1998). Briefly, a 20 |il reaction mix­
ture containing approximately 1 \ig of heat-denatured total RNA, 
50 ng of random hexamer primers, 500 |imoles of dNTPs, 40 U of 
an RNase inhibitor, and 200 U of Moloney murine leukemia virus 
reverse transcriptase, was incubated at 20°C for 10 mins and then at 
37°Cfor 1 hr. Reverse transcriptase was inactivated by heating at 95°C 
for 3 mins. 

The amplification was carried out with a 10 jxl sample of heat-
denatured cDNA in a 50 |ll reaction mixture containing 20 pmoles 
of each primer, 200 |jmol/l dNTPs, 1.5 mmol/1 MgCl2, and 3 U of 
Taq DNA polymerase. A primer pair from variable region of VP2 
gene of IBDV (forward primer 5'-CGCTATAGGGCTTGACCCA-3' 
(nt 651-673) and reverse primer 5'-CTCACCCCAGCGACCGTA 
ACGACG-3' (nt 1179-1202)) was designed to amplify a 552 bp 
sequence as described earlier (Katana et al., 1998). The amplifica­
tion was carried out in 35 cycles, each cycle consisting of 95°C for 
1 min, 52°C for 1 min, and 72°C for 1 min with a final extension at 
72°C for 5 mins. The authenticity of the amplicons generated was 
verified by agarose gel electrophoresis. 

Restriction analysis. The 552 bp RT-PCR products, generated 
from five field isolates and four vaccine strains, were purified by 
QIAquick PCR Purification Kit (QIAGEN) and subjected to diges­
tion with restriction endonucleases Dral, Hhal, Mval, Stul, Styl, and 
Taql (Boehringer Mannheim and Life Technologies Inc.). The diges­
ted products were analyzed by 1.5% agarose gel electrophoresis. 

Results 

RT-PCR amplification of  RNAs f rom all the four  vac­
cine strains and five field isolates showed an  authentic prod­
uct o f  552 b p  while RNAs from mock-infected cells and 
healthy bursa did not yield any product (Fig. 1). For restric-
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Fig. 2 
Agarose gel electrophoresis o f  ///ral-digested RT-PCR products 

DNA size marker, 100 bp ladder (lane M). 
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Fig. 4 
Agarose gel electrophoresis of 5ft/I-digested RT-PCR products  

DNA size marker, 100 bp ladder (lane M). 
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Fig. 3 
Agarose gel electrophoresis o f  Mval-digested RT-PCR products 

DNA size marker, 100 bp ladder (lane M). 
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Fig. 5 
Agarose gel electrophoresis o f  Styl-digested RT-PCR products 

DNA size marker, 100 b p  ladder (lane M). 

tion analysis, approximately 1 | ig of the PCR products was 
subjected to digestion with the six restriction enzymes. The 
digestion with Hhal revealed the presence of a single site in 
all the four vaccine strains and no site in virulent field iso­
lates (Fig. 2). The  Mval digestion yielded four fragments 
with similar pattern for three vaccine strains, Georgia, Tri-

bio, and Lukert, while two fragments with identical pattern 
were observed for all the field isolates and the Intermediate 
plus vaccine strain (Fig. 3). The Stul digestion showed no 
site for all the vaccine strains but a single site with identical 
pattern for all the field isolates (Fig. 4). The Styl restriction 
pattern with a single site was identical for all the five field 
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Fig. 6 
Agarose  gel electrophoresis o f  ľa^I-digested RT-PCR products  

DNA size marker, 100 bp ladder (lane M). 

isolates. Three vaccine strains (Georgia, Tri-bio, and Luke-
rt), had also a single Styl site but at different position, while 
the Intermediate plus vaccine strain had two sites giving 
unique pattern of three bands in agarose gel (Fig. 5). The 
digestion with Taql yielded two fragments with the same 
pattern for all the field strains, but there was no site for the 
vaccine strains (Fig. 6). No Dral site was noticed for any of 
the isolates studied. The number of sites for different 
restriction enzymes for each virus strain is shown in Table 2. 

Discussion 

The variable region of VP2 gene has been exploited 
by many workers for differentiation of IBDV strains by 
RT-PCR followed by restriction analysis (Lin et al., 1993; 
Jackwood and Jackwood, 1997). Earlier, we have reported 
detection of IBDV in clinical samples by RT-PCR and 
differentiation of two field isolates and one vaccine strain 
by restriction analysis with Stul (Kataria et al., 1998). In 
the present study, we could differentiate f ive virulent field 
isolates from four vaccine strains by restriction digestion of 
the purified 552 bp RT-PCR products with five restriction 
enzymes,  Hhal, Mval, Stul, Styl, and  Taql. The analysis  o f  
restriction sites for these enzymes, predicted on the basis of 
published sequences of highly virulent IBDV strains OKYM, 
a Japanese strain (Yamaguchi et al., 1997), UK661, a 
European strain (Brown etal, 1994), and HK46, a Chinese 
strain (Cao et al., 1998), revealed the same restriction 
patterns as we found for Indian virulent strains. However, 

Table 2. Restriction sites in  RT-PCR products  f r o m  d i f ferent  IBDV 
vaccine strains a n d  f i e l d  isolates 

Number of restriction sites 

Strain/isolate Dral Hhal Mval Stul Styl Taql 

Georgia 0 1 3 0 1 0 
Im+ 0 1 1 0 2 0 
Tri-bio 0 1 3 0 1 0 
Lukert 0 1 3 0 1 0 
UP 1/97 0 0 1 1 1 1 
CH2/97 0 0 1 1 1 1 
HR1/96 0 0 1 1 1 1 
MH1/97 0 0 1 1 1 1 
JK1/97 0 0 1 1 1 1 
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Fig. 7 
Restriction m a p  o f  the  552 b p  V P 2  gene region o f  v i ru lent  IBDV 

strains O K Y M ,  UK661, a n d  HK46, b a s e d  o n  the  p u b l i s h e d  
sequences 

the number of restriction sites found was different from that 
reported for variant American strains (Jackwood and 
Jackwood, 1997). Restriction enzymes Hhal, Stul, and Taql 
had different patterns for vaccine strains and Indian field 
isolates. Stul and Taql restriction enzymes had a single site 
for field isolates and no site for vaccine strains. Another 
site, for Taql, located in the forward primer region, which 
was present in virulent strains OKYM, UK661, and HK46, 
was absent in our field isolates, because our primers were 
designed for a classical American strain, STC, having change 
of one nucleotide in the primer sequence (Kibenge et al., 
1990). The presence of Taql restriction sites has been 
reported for some American vaccine strains as well as for a 
f e w  f ie ld  isolates (Jackwood and Jackwood, 1997). 
Restriction enzyme Hhal had a single site with similar 
pattern in all the four vaccine strains and no site in the field 
isolates of Indian origin. None of the vaccine strains or field 
isolates used in this study had a Dral site(s). This is in 
contrary to American variant strains, which have been 
reported to have such sites (Jackwood and Jackwood, 1997). 
A single Mval site of similar pattern was found for the 
Intermediate plus vaccine strain and all the Indian field 
isolates tested. Therefore, we could not differentiate the vac­
cine strains from the field isolates using Mval enzyme. Sim­
ilarly, Jackwood and Jackwood (1997) were also unable to 
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differentiate vaccine and USA variant strains of IBDV us­
ing BsiNI (an isoschizomer o f  Mval) restriction enzyme. 
N o  Äs'ŕNI sites, located in the variable VP2 region, have 
been reported for  OKYM, UK611, and HK46 strains (Cao 
et al., 1998). But the analysis of  published nucleotide se­
quences o f  these strains revealed the presence of a single 
ÄstNI site outside of  this region of  VP2 gene in accordance 
with our findings. Though Sty\ restriction enzyme could 
differentiate all the four vaccine strains from the field iso­
lates, the Intermediate plus vaccine strain was an excep­
tion, it had a different pattern. This vaccine strain had one 
fragment common with other vaccine strains, another com­
mon  with the field isolates and an additional one neither 
present in other vaccine strains nor in the field isolates. N o  
differences in restriction patterns were found within the field 
isolates f rom different regions o f  India. The restriction pat­
terns obtained indicated that the Indian field isolates of IBDV 
are similar to  Japanese, European, and Chinese virulent iso­
lates. Sequencing of this region of VP2 gene of the virus 
containing most  o f  the neutralizing epitopes, will further 
help in better understanding of the molecular epidemiology 
of  highly virulent Indian IBDV isolates, their origin and 
antigenic character. 
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