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Abstract Recurrent outbreaks of infectious bursal dis-

ease (IBD) have become a burning problem to the poultry

industry worldwide. Here, we performed genetic analysis

of IBD virus (IBDV) field isolates from recent outbreaks in

various poultry farms in India. The sequence analysis of

IBDV VP2 hypervariable region revealed amino acid pat-

tern similar to that of very virulent (222A, 242I, 253Q,

256I, 272I, 279D, 284A, 294I, 299S and 330S) and inter-

mediate plus virulent (222A, 242I, 253Q, 256I, 272T,

279N, 284A, 294I, 299S and 330S) type whereas analysis

of VP1 revealed presence of sequence similar to that of

very virulent (61I, 145T) and unique (61I, 141I, 143D,

145S) type in field isolates. Among the eight field isolates,

two isolates contained very virulent type VP2 and unique

type VP1, three contained intermediate plus virulent type

VP2 and unique type VP1 whereas five contained both VP2

and VP1 of very virulent type. The phylogenetic analysis

based on VP2 nucleotide sequence showed clustering of all

eight isolates close to known very virulent strains whereas

based on VP1, five isolates formed unique cluster and three

isolates were placed close to very virulent strains. The

isolates forming unique VP1 cluster showed highest simi-

larity with classical virulent IBDVs suggesting their pos-

sible evolution from segment B of non-very virulent

IBDVs. Interestingly, these five isolates were responsible

for outbreaks in four different farms located at three dif-

ferent geographic locations in India. These observations

indicates genetic reassortment between segment A and

segment B from co-infecting IBDV strains leading to

emergence of very virulent strains and their widespread

prevalence in Indian poultry farms. The presence of 272I

and 279D in VP2 protein of five field isolates may explain

possible cause of Gumboro intermediate plus vaccine

failure in prevention of the outbreaks. However, mortality

caused by other three strains which are antigenically sim-

ilar to VP1 of intermediate plus vaccine strains could not

be explained and the possible role of their unique VP1 in

enhancing the pathogenesis needs to be investigated

further.
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Introduction

Infectious bursal disease (IBD) is an acute and highly

contagious viral disease affecting young chickens [7, 18].

The virus has a special predilection for the bursa of

Fabricius, an important lymphoid organ in the young

chicken, resulting in the immunosuppression and high

mortality. The IBD virus (IBDV) belongs to the genus

Avibirnavirus and is a member of the family Birnaviridae

[9]. It is a non-enveloped virus consists of bi-segmented

(segment A and B) double stranded RNA genome pack-

aged in icosahedral capsid of 60 nm diameter [10]. Gen-

ome segment A is made of 3.2 kb whereas segment B is

made of 2.8 kb linear double stranded RNA. Segment-A

encodes four proteins encoded by two overlapping open
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reading frames. The larger ORF encodes a polyprotein

which gets processed into three proteins VP2, VP3 and

VP4 by the auto proteolytic action of viral protease VP4

[16] whereas smaller ORF encodes nonstructural VP5

protein [22]. VP2 protein forms outer capsid whereas VP3

protein forms the inner capsid. The segment-B encodes for

VP1 protein having RNA dependent RNA polymerase

(RdRp) activity [31]. VP2 is a major structural protein of

the virus which elicits protective neutralizing antibodies

and contains determinants responsible for causing anti-

genic variations. Although genome segment-A encoded

proteins especially VP2 has been investigated in great

detail as a major determinant of virulence, segment-B

encoded VP1 protein has also been recently implicated for

enhanced pathogenesis of virus through enhancing virus

replication [11, 20]. Recently, genomic reassortants with

segment-B have been found to cause emergence of

pathogenic strains in China [32, 33].

IBDV serotype I strains are pathogenic posing great

concern to the poultry industry whereas serotype II strains

are avirulent for chickens. Based on the virulence proper-

ties, IBDVs are classified as attenuated (atIBDV), classical

virulent (cvIBDV), antigenic variants (avIBDV) and very

virulent (vvIBDV) subtypes [29]. Based on the conserved

substitutions in the hypervariable region of VP2, the amino

acids 222A, 256I, 279D, 284A, 294I and 299S were

reported to be present in the all vvIBDV strains [5, 14, 25]

and 222P, 256V, 279N, 284T, 294L and 299N were found

to be conserved in atIBDV strains whereas the cvIBDV

strains were reported to harbor the amino acids 249Q and

254G in VP2 hypervariable region [8, 30]. However, single

amino acid substitutions such as I272T in ks strain were

known to affect the virulence from very virulent to inter-

mediate plus type (mb strain) [19]. The vvIBDV strains

have spread to nearly every continent. In India, the

vvIBDV was first reported in 1993 and despite of routine

vaccination, the vvIBDV strains have been implicated in

several field outbreaks. Genetic analysis of IBDV field

isolates from India have described presence of amino acids

variation in VP2 hypervariable region characteristic of very

virulent type with unique aminoacid 212D[N substitu-

tion in some of the isolates [6, 17, 21, 27] and presence of

unique amino acids substitutions in VP1gene [4]. These

studies revealed circulation of very virulent IBDV subtypes

in India and their continued evolution.

In the present study, we performed genetic analysis of

segment-A encoded VP2 and segment-B encoded VP1, the

two key determinants of viral pathogenesis, from recent

field strains isolated from the various poultry farms in

India. The birds in various poultry farms were vaccinated

with intermediate vaccine at day 7 and intermediate plus

vaccine at day 14 as well as between day 22 and 24 of age

in layer birds whereas broiler birds received intermediate

plus vaccine between 10 and 14 days of age. The onset of

outbreaks were seen at the age of 3–4 weeks with mortality

rate between 25–35 % in layer and 12–20 % in broiler

birds. The genetic analysis of IBDV isolates from infected

birds in our study demonstrates, genetic drift in VP2

hypervariable region resulting into virulent subtype and/or

reassortment (genetic shift) with the genome segment B

encoding unique VP1 as a possible cause for the emergence

of recent outbreaks in the Indian poultry farms.

Materials and methods

Case history and sample collection

Bursa tissue samples were aseptically collected from

chickens suspected to have died of infectious bursal disease

from different poultry farms in India during the period

from June 2015 to July 2015. The geographical locations of

the farms are shown in Suppl. Figure 1. The infected birds

were off fed, depressed with very high mortality, post

Fig. 1 Amino acid sequence alignment of VP2 hypervariable region between amino acids 203–332 among the eight field isolates and 12 known

IBDV strains. Major hydrophilic peaks A and B and minor hydrophilic peaks I, II and III are boxed
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mortem revealed the inflamed bursa filled with exudates

and in many cases hemorrhagic bursa. The hemorrhagic

lesions were observed in the muscles of thigh and breasts

of the dead birds. The flocks of layer birds recovered

eventually due to the post exposure immunity and became

normal but the broiler birds suffered high morbidity due to

post exposure immunosuppression complicated by E. coli

infection and reduced weight gain. The tissue samples were

collected and immediately transported to the laboratory in

the presence of ice pack and frozen in -20 �C freezer until

further processed for RNA isolation.

RNA isolation and RT-PCR

Approximately 100 mg of bursal tissue was homogenized

in 1 ml of PBS using mortar pestle in the presence of glass

beads. The homogenate was then clarified by centrifugation

at 1300 rpm for 5 min. About 100 ll of the clarified

homogenate was then subjected for RNA isolation using

the Purelink RNA isolation kit (Invitrogen, Carlsbad, USA)

as per the manufacturer’s instructions. The isolated RNA

was subjected to RT-PCR using Qiagen one-step RT-PCR

kit (Qiagen, Hilden, Germany) and gene specific primers.

We targeted VP2 hypervariable region spanning 210–330

amino acids using VP2 forward TCACCGTCCTCAGCT-

TAC and VP2 reverse TCAGGATTTGGGATCAGC pri-

mers and VP1 N-terminus region spanning 10-260 amino

acids using VP1 forward GCTCCTCTTCTTGATGATTC

and VP1 reverse GTTYGAKATGGCTATCATCTC pri-

mers for identification of genetic variations and phyloge-

netic analysis. The PCR reaction was performed in 25 ll
reaction mixture containing 5 ll of 59 buffer, 1 ll of

enzyme mix, 1 ll of RNA and 10 pmol of VP1 or VP2

specific forward and reverse primers. The PCR reaction

was initially subjected to 50 �C for 30 min for reverse

transcription followed by 95 �C for 15 min for polymerase

activation/template denaturation and 40 amplification

cycles at 95 �C for 30 s, 52 �C for 30 s and 72 �C for

1 min with final extension of 72 �C for 5 min. The specific

amplification of expected size PCR product was analyzed

by agarose gel electrophoresis.

Sequencing and data analysis

The amplified PCR product was purified by purelink PCR

purification columns (Invitrogen, USA) as per the manu-

facturer’s instructions. The PCR amplicons were

sequenced at Xcelris labs, Ahmedabad by ABI3730xl

capillary sequencer using BigDye terminator 3.1 cycle

sequencing kit and gene specific forward and reverse pri-

mers as per the manufacturer’s instructions. Sequencing

data were verified by manually inspecting the chro-

matogram using the sequencing analysis software v5.2

(Applied Biosystems, USA). The PCR amplification and

sequencing of IBDV intermediate plus vaccine strains viz.

Hester GI?, Ventri GIplus, Abic/MB and B2K and IBDV

intermediate vaccine strains viz. Georgia intermediate and

Baxendale intermediate were performed as described ear-

lier. The nucleotide sequences of field isolates were aligned

with the sequence of the known IBDV subtypes or IBDV

vaccine strains using ClustalW software. The aligned

sequences were downloaded and further analyzed using

BioEdit software v7.2.3 [13]. The nucleotide sequences

were translated to amino acids and further analyzed for the

variations in the field isolates compared to sequences of

known IBDV subtypes (Table 1) or sequences of vaccine

strains (sequence data not shown). The phylogenetic

analysis of field isolates with known IBDV subtypes or

vaccine strains was performed with the help of MEGA6

software [28] using neighbor-joining method [26] and 1000

bootstrap replicates. The phylogenetic analysis of nucleo-

tide sequences of field isolates with reported Indian field

isolates were performed by MOLE-BLAST program of

NCBI using the entrez query as India and default param-

eters. The phylogenetic tree was downloaded and further

edited using the MEGA6 software.

Nucleotide accession numbers

The VP1 and VP2 gene sequences generated in the study

were deposited in GenBank under the accession numbers

KT630841 to KT630856.

Results

VP2 hypervariable region and VP1 B-marker region

of field isolates

Recurrent IBD outbreaks in the vaccinated flocks have

been observed very frequently in several poultry farms

from different geographic locations in India. Recently, we

observed high mortality in the 3–4 week old chickens

despite of routine vaccination with IBD intermediate and

intermediate plus vaccines. In order to investigate possible

genetic drift or reassortment leading to immune evasion in

vaccinated birds, here we analyzed VP2 hypervariable

region and VP1 B-marker region of IBD virus [2].

The bursa samples collected from eight birds belonging

to different farms suspected to have died of IBDV infection

during the period of June–July 2015 showed typical clini-

cal signs of inflamed and hemorrhagic lesions. The PCR

amplification of VP1 and VP2 gene segments using the

RNA isolated from bursal tissues by one step RT-PCR

confirmed the infection of IBDV. The RT-PCR amplified

VP1 and VP2 gene segments were further sequenced and
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analyzed for nucleotide and amino acids variations. The

nucleotide and deduced amino acid sequence suggested

presence of VP2 signature sequence typical of very virulent

strains in five of the eight field viruses isolated from dif-

ferent farms, however, there was significant variations

among the different isolates suggesting prevalence of

heterogeneous population of pathogenic isolates (Table 1).

The detail clinical signs in the infected birds along with the

identified VP1 and VP2 genotypes are presented in Suppl.

Table 1.

Sequence comparison of field isolates with known

IBDV subtypes and vaccine strains

Multiple sequence alignment of the VP2 hypervariable

region from the IBDV isolates suggested their similarity

with the known very virulent strains reported earlier

(Fig. 1) whereas alignment of VP1 N-terminus region

suggested presence of novel sequence variations in the

five of the eight isolates (Fig. 2). The VP2 hypervariable

region revealed presence of amino acids typical of the

virulent strains i.e. 222A, 242I, 253Q, 256I, 272I, 279D,

284A, 294I, 299S and 330S in majority of the isolates

(Guwahati/HBL-06-15, Guwahati/HBL-07-15, Hyderabad/

HBL-07-15, West Bengal/HBL-07-15, Haryana/HBL-06-

15) with few exceptions which includes presence of 272T

and 279N in 3 isolates (Chikhodra/HBL-06-15, Napad/

HBL-06-15, West Bengal/HBL-07-15b). We also

observed novel substitutions L240F and L294V in 3 iso-

lates (Guwahati/HBL-06-15, Guwahati/HBL-07-15,

Hyderabad/HBL-07-15) and Q219P in Guwahati/HBL-06-

15 isolate with very virulent genotype. The 3 isolates

(Chikhodra/HBL-06-15, Napad/HBL-06-15, West Bengal/

HBL-07-15b) which showed presence of 272T and 279 N

showed VP2 genetic similarity with the intermediate plus

vaccine strains. Based on the hydrophilicity and proba-

bility of surface exposure of amino acids in VP2 hyper-

variable region, hydrophilic regions were reported as

major hydrophilic peak A (aa 210–225) and B (aa

312–324) and minor hydrophilic peaks I (aa 247–254), II

(aa 281–292) and III (aa 299–305) [1, 12]. The field

isolates were found to possess amino acids substitutions in

the major peaks A and B and minor peaks I and II

compared to the attenuated strains, however, substitutions

were also observed in the regions excluding the hydro-

philic peaks. The amino acids sequence alignment of VP2

hypervariable region of field isolates with vaccine strains

(Suppl. Fig. 2a) showed higher similarity of all field iso-

lates with the intermediate plus vaccine strains with few

substitutions which includes 272I and 279D in 5 isolates,

245F and 294Vin three isolates and 300A in 4 isolates.

Fig. 2 Amino acid sequence alignment of VP1 N-terminus region between amino acids 9–268 among the 8 field isolates and 12 known IBDV

strains. Novel sequence variations identified in the field isolates are boxed
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VP1 N-terminus sequencing revealed presence of 61I

and 145T, similar to as reported for very virulent type in

three of the eight isolates (Guwahati/HBL-06-15, Guwa-

hati/HBL-07-15, Hyderabad/HBL-07-15). These three

isolates also contained unique but neutral amino acid

substitution K251R in VP1. Interestingly, other five field

isolates (West Bengal/HBL-07-15, Haryana/HBL-06-15,

Chikhodra/HBL-06-15, Napad/HBL-06-15, West Bengal/

HBL-07-15b) showed unique amino acid substitutions such

as 141I, 143D and 145S in VP1 N-terminus. Such amino

acid variations have not been reported so far in any of the

IBDV isolates. The amino acids alignment of VP1 of field

isolates with vaccine strains (Suppl. Fig. 2b) revealed 96T

and 161D in all field isolates similar to that of intermediate

vaccine strains, 145T, 146D and 147N in three isolates viz.

Guwahati/HBL-06-15, Guwahati/HBL-07-15, Hyderabad/

HBL-07-15 similar to that of intermediate plus but differ-

ing from intermediate vaccine strains whereas 5 field iso-

lates (West Bengal/HBL-07-15, Haryana/HBL-06-15,

Chikhodra/HBL-06-15, Napad/HBL-06-15, West Bengal/

HBL-07-15b) showed unique amino acid substitutions such

as 141I, 143D and 145S not present in VP1 of both type of

vaccine strains.

Phylogenetic analysis of field isolates with known

IBDV subtypes and vaccine strains

The phylogenetic analysis of VP2 hypervariable region

showed clustering of the all eight isolates along with the

known very virulent strains whereas VP1 phylogeny

revealed distinct clustering of five of the eight isolates

(West Bengal/HBL-07-15, Haryana/HBL-06-15, Chikho-

dra/HBL-06-15, Napad/HBL-06-15, West Bengal/HBL-07-

15b) separate from virulent and non-virulent strains

whereas 3 isolates (Guwahati/HBL-06-15, Guwahati/HBL-

07-15, Hyderabad/HBL-07-15) showed clustering with the

virulent strains (Fig. 3). Interestingly, these five isolates

forming unique cluster based on VP1 showed close simi-

larity of[98 % among themselves whereas of about 89 %

similarity with 002–73 and GLS strains by pairwise dis-

tance analysis (Suppl. Table 2). The VP1 of remaining

three isolates (Guwahati/HBL-06-15, Guwahati/HBL-07-

15, Hyderabad/HBL-07-15) shared 97–98 % similarity

with BD3/99, HK46, D6948, OKYM and UK661. The

pairwise distance analysis of VP2 showed[99 % identity

between Chikhodra/HBL-06-15, Napad/HBL-06-15 and

West Bengal/HBL-07-15b isolates and [99 % identity

between two Guwahati isolates. The Haryana/HBL-06-15,

Hyderabad/HBL-07-15 and West Bengal/HBL-07-15 iso-

lates showed[3 % divergence among each other as well as

with other field strains. The Haryana/HBL-06-15, Hyder-

abad/HBL-07-15, West Bengal/HBL-07-15 and two

Guwahati isolates shared 94–97 % nucleotide sequence

identity with BD3/99, HK46, D6948, OKYM and UK661

strains (Suppl. Table 3).

Phylogenetic analysis of field isolates with reported

Indian isolates and vaccine strains

The phylogenetic analysis of VP2 sequence of the field

isolates with reported Indian IBDV isolates suggested

clustering with virulent field strains reported from the

nearby geographical region (Suppl. Fig. 3a) whereas 5 of

the 8 isolates showed unique type VP1 as evidenced by

absence of closely related strains reported so far in India

(Suppl. Fig. 3b). Phylogenetic analysis of field isolates

with vaccine strains showed clustering of all isolates near

intermediate plus vaccine strains based on VP2 sequence

(Suppl. Fig. 4a) whereas field isolates carrying unique type

VP1 placed close to intermediate vaccine strains whereas

isolates with very virulent type VP1 were placed with

intermediate plus vaccine strains (Suppl. Fig. 4b).

Discussion

Infectious bursal disease poses biggest threat to the poultry

industry worldwide. Despite of routine vaccination, recur-

rent outbreaks have been observed in young chickens.

Recent IBD outbreaks in various poultry farms at different

geographic locations in India had resulted in high mortality

which prompted us to investigate the underlying cause of

vaccine failure. Based on recent observations, it is sug-

gested that both genome segments of IBDV contributes to

the pathogenesis. The genetic drift in the immunoprotec-

tive VP2 antigen and reassortment with the more virulent

genome segment B leading to emergence of very virulent

strains have been reported recently [1, 11, 32–34].

Considering the importance of both genome segment in

determining virulence, we analyzed hypervariable region

of VP2 responsible for antigenic variation as well as VP1

N-terminus region which is recently defined as B-marker

region [2] for differentiation of virulent and non-virulent

isolates. Analysis of VP2 hypervariable region suggested

presence of virulence determining amino acids 222A, 242I,

253Q, 256I, 284A, and 299S [3, 23, 24, 32] in the all field

isolates. The amino acids 272I, 279D and 294I which are

also implicated in virulence have been observed in five of

the eight isolates whereas three isolates were found to carry

272T and 279N which were observed in the attenuated

vaccine strains. Three isolates were found to contain novel

substitutions L240F and L294V which has not been

reported for either virulent or attenuated strains. The

functional significance of these amino acid substitutions in

determining the virulence need to be ascertained. Among

the eight field isolates, Chikhodra/HBL-06-15, Napad/
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HBL-06-15 and West Bengal/HBL-07-15b shared[99 %

identity and two Guwahati isolates shared 99 % identity at

nucleotide level suggesting their common origin whereas

remaining three isolates differed by [4 % among them-

selves and shared identity of 94–97 % with BD3/99, HK46,

D6948, OKYM and UK661 strains suggesting possible

genetic drift in the VP2 hypervariable region of virulent

parent strains. The D212N substitution which was found to

be common in north China [35] and has been reported in

India [6, 17] was also observed in one of the field isolates

Haryana/HBL-06-15 in our study. The close clustering of

VP2 sequence of field isolates with previously reported

field strains of India suggests their evolution from circu-

lating field strains. The presence of amino acid substitu-

tions in the VP2 hypervariable region compared to

intermediate and intermediate plus vaccine strains may

partly contribute to failure of protection from vaccination

in these farms.

The analysis of VP1 B-marker region suggested pres-

ence of 61I in all the isolates whereas 145T in three of the 8

isolates as reported for VP1 of very virulent types [34].

Interestingly, five of the eight isolates were found to con-

tain novel amino acids substitutions 141I, 143D and 145S

which are not reported for any of the IBDV strains so far.

These amino acids substitutions were found to be common

in five of the eight field strains isolated from 4 different

farms. The phylogenetic analysis based on VP1 B-marker

region suggested distinct clustering of these five isolates.

At nucleotide level, these five isolates shared [98 %

identity but differed significantly with the rest of the field

isolates and known IBDV strains by [11–15 %. The

phylogenetic analysis of VP1 with Indian field and vaccine

strains revealed that none of the previous studies have

reported VP1 of unique type identified in present study.

These finding indicates that the five of the eight field iso-

lates are reassortants with unique genome segment-B

which is possibly appear to have descended from 002–73

related classical virulent strains which shared about 89 %

sequence similarity, the highest among the known strains.

VP1 of other three field isolates showed 97–98 % identity

at nucleotide level with BD3/99, HK46, D6948, OKYM

and UK661 suggesting their evolution from virulent parent

strains. VP1 sequence analysis of IBDV field isolates from

India reported high genetic and amino acids similarity with

BD3/99, OKYM and UK661 strains [15]. Our finding

provides support for the genetic reassortment of segment B

with the segment A of co-infecting viral strains and

emergence of more virulent strains as reported recently [32,

33]. Clinically, all field isolates led to severe pathogenicity

whereas mortality pattern was higher in the layer birds

compared to broilers. The possible implications of each

VP1 and VP2 genotype on clinical phenotype thus need to

be experimentally evaluated.

The present study on genetic analysis of VP1 and VP2

region of IBDV field isolates revealed widespread preva-

lence of genetic reassortants in Indian poultry farms. The

majority of field isolates were found to possess VP2 gene

similar to that of very virulent type with presence of unique

amino acids substitutions in some of the isolates. The

identification of unique amino acid pattern in the viral

RNA polymerase VP1 in the present study and its signifi-

cant genetic divergence from reported strains suggests

Fig. 3 Phylogenetic analysis of IBDV field isolates and known IBDV

strains based on the VP1 B-marker region and VP2 hypervariable

region. Tree was constructed by Neighbor-Joining method using

sequences of 8 field strains, and 12 known IBDV strains of different

subtypes. Values at the nodes indicates bootstraps probability as

determined by 1000 re-sampling. vvIBDV: very virulent IBDV,

cvIBDV: classical virulent IBDV, atIBDV: attenuated IBDV,

avIBDV: antigenic variant IBDV. Serotype II is a non-pathogenic

IBDV strains. Name of the IBDV isolates, their accession numbers

and country of origin are given in the order
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evolution and adaptation of genome segment B and its

reassortment with segment A of virulent or vaccine strains

leading to emergence of new strains. These emerging iso-

lates may overcome the immune barrier and lead to altered

pathogenicity or replicative potential. Further study on

their ability to cause disease in experimental birds and

analysis of their virulence determinants would provide

greater understanding of risks posed by these emerging

isolates and will help to design future vaccination

strategies.
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