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ABSTRACT Infectious bursal disease virus (IBDV)
caused an acute and highly contagious infectious disease,
resulting in considerable economic losses in the world
poultry industry. Although this disease was well-con-
trolled under the widely use of commercial vaccines, the
novel variant IBDV strain emerged due to the highly
immunized-selection pressure in the field, posting new
threats to poultry industry. Here, we reported the epi-
demic and pathogenicity of IBDV in Hubei Province
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Abbreviations: IBD, infectious bursal disease; IBDV, infectious bur-
sal disease virus; HVR, hyper-variable region; vvIBDV, very virulent
infectious bursal disease; BF, bursa of Fabricius; SPF, specific patho-
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from May to August 2020. We isolated 12 IBDV strains
from the broiler flocks, including 9 novel variants, 2 very
virulent strains and 1 medium virulent strain. Interest-
ingly, we identified a series of changes of amino acid sites
in the VP2. Further analysis indicated that the novel var-
iant IBDV strains caused damage to bursa of fabricius
and spleen, leading to immunosuppression. Our findings
underscore the importance of IBDV surveillance, and pro-
vide evidence for understanding the evolution of IBDV.
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INTRODUCTION

Infectious bursal disease (IBD), also called Gumboro
disease, is an acute and highly contagious infectious dis-
ease, causing great economic losses to the poultry industry
worldwide. The causative agent of this disease is IBD virus
(IBDV), which were usually divided into 2 serotypes. The
serotype I viruses contain a series of pathotypic strains to
chickens. Based on the molecular characteristics of the
hypervariable region (HVR) of VP2, serotype I viruses
are classified into 4 subtypes: classic IBDV, variant IBDV,
attenuated IBDV, and very virulent IBDV (vvIBDV)
(Cosgrove, 1962; Jackwood and Saif, 1987; Chettle et al.,
1989; Sharma et al., 1989). Clinically, IBDV usually
destroys the developing B-lymphocytes (B-lymphocyte
precursors) in the bursa of Fabricius (BF) (Dey et al.,
2019; Van den Berg et al., 2000). Although IBDV causing
clinical manifestations lasts for only 3 to 4 d, the damage to
the BF is irreversible and leads to immunosuppression.
The diseased chickens usually suffer from severe immuno-
suppression, causing an increased susceptibility to other
pathogens (Sharma et al., 2000; Rautenschlein et al., 2002;
Ingrao et al., 2013). The serotype II viruses isolated from
turkeys and Peking ducks are not pathogenic for chickens
(Ismail et al., 1988).
IBDV belonging to the genus Avibirnavirus of the fam-

ily Birnaviridae possesses 2 segments of double-stranded
genomic RNAs (segment A and segment B) (Brown and
Skinner, 1996). Segment A encodes 2 structural proteins
(VP2 and VP3), a viral protease (VP4), and a nonstruc-
tural protein (VP5) (Raja et al., 2016). VP2 is the major
structural protein, which is involved in antigenicity, cell
tropism, virulence and apoptosis (Coulibaly et al., 2005;
Caston et al., 2001); VP3 also participates in the forma-
tion of viral particles, and involved the serotype specific-
ity, viral assembly, and apoptotic regulation
(Tacken et al., 2002; Ye et al., 2014; Ferrero et al., 2015).
VP4 plays a critical role in the interdomain proteolytic
autoprocessing of the pVP2-VP4-VP3 polyprotein, and is
responsible for virus-induced immune suppression
(Lejal et al., 2000). VP5 inhibits apoptosis early during
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infection, whereas it induces apoptosis at a later stage of
infection (M�endez et al., 2015). Segment B encodes an
RNA-dependent RNA polymerase (VP1), which involves
viral replication and genetic evolution (von Einem et al.,
2004; Escaffre et al., 2013; Gao et al., 2014).

IBDV was first isolated in 1957. Since then, IBDV
strains with different virulence successively emerged and
spread to nearly all poultry producing countries glob-
ally, posting new challenges to the prevention and con-
trol of this disease (Withers et al., 2005; Alkie and
Rautenschlein, 2016). In China, the first case of IBDV
was reported in 1979, and the first vvIBDV strain was
isolated in 1992 (Cao et al., 1998). Subsequently,
vvIBDV became a pandemic pathogen in Chinese poul-
try industry. Due to the immunized procedure of com-
mercial vaccines against IBDV and the improvement of
bio-safety measures, this disease was being well-con-
trolled. However, the widely used vaccines induced
highly immunized-selection pressure in the field, contrib-
uting to the development of genetic diversity of circulat-
ing viruses.

Since 2016, the novel variant IBDV strain emerged in
China, and rapidly spread to the whole country, posting a
new threat to China’s poultry industry (Fan et al., 2019).
The novel variant IBDV was not lethal, but caused severe
atrophy of bursa Fabricius and induced severe immuno-
suppression and the loss of production performance
(Zachar et al., 2016; Fan et al., 2020; Xu et al., 2020).
This study focused on the prevalence and pathogenicity
of the novel variant IBDV in Hubei province of China.
We reported the results of this study, including the isola-
tion, characterization and pathogenicity of the novel vari-
ant IBDV strains. Our findings underscore the
importance of IBDV surveillance, and provide evidence
for understanding the evolution of IBDV.
MATERIALS AND METHODS

Ethics Statement

This study was approved by the Animal Care Com-
mittee of South China Agricultural University (approval
ID: SYXK-2019-0136). All study procedures and animal
care activities were conducted per the recommendations
in the Guide for the Care and Use of Laboratory Ani-
mals of the Ministry of Science and Technology of the
People’s Republic of China.
Animals and Eggs

The specific pathogen-free (SPF) chickens and SPF
chicken embryonated eggs were purchased from the
Guangdong DHN Poultry and Egg Products Co. Ltd.,
China.
Clinical Samples

During the period of May to August 2020, a total of 64
clinical samples of bursae were collected from 12 broiler
flocks in Hubei province in southern China. These
broilers had been vaccinated with 2512 or HVT vaccine
at 1 or 10 d of age. All the samples labeled with collected
date and area site, were transported on dry ice to the
laboratory for sample processing and testing.
Virus Isolation and Identification

Virus isolation and purification were performed refer
to the previous description (Wang et al., 2019). Briefly,
the homogenate suspension of bursal tissues in Dulbec-
co’s modified Eagle’s medium (DMEM) containing
penicillin (100 U/mL) and streptomycin (100 mg/mL)
was frozen and thawed 3 times, clarified by centrifuga-
tion at 10,000 rpm for 10 min and then filtrated using a
0.22-mm filter for sterilization. The inoculum was used
to inoculate 10-day-old SPF chicken embryonated eggs
by the chorioallantoic membrane sac route, and blind
passage till the occurrence of embryonic lesions.
The presence and identity of the IBDV were confirmed

with a RT-PCR protocol targeted at the hypervariable
region (HVR) of the VP2 gene. Briefly, a specific primer
pairs targeting an approximately 714 bp fragment of
HVRs of VP2 gene (sense primer: 5’-GCCGATGAT-
TACCAATTCTCATC-3’ and anti-sense primer: 5’-
CCGGATTATGTCTTTGAAGC-3’) were designed
based on the IBDV VP2 gene using Primer Premier 5.0.
RNA was extracted from the chorioallantoic membra-
neallantoic using a Viral DNA/RNA Miniprep Kit (Axy-
gen, Magen Biotech Co., Ltd.) following the
manufacturer’s instructions, and subjected to RT-PCR
for IBDV detection.
Sequence Alignment and Phylogenetic
Analysis

Sequence alignments were performed with nucleotide
sequences of VP2 gene of IBDV isolates and other IBDV
strains retrieved from GenBank database using DNAS-
TAR software (Madison, WI). Phylogenetic analysis was
performed based on the nucleotide sequences of VP2 gene
by neighbor-joining method by using MEGA version 7.0.
The bootstrap values were determined from 1,000 repli-
cates of the original data. All the reference IBDV strains
used in this study were provided in Table 1.
Challenge Study

To evaluate the pathogenicity of the novel variant
IBDVs and vvIBDV, a total of twenty-four 1-day-old
SPF chickens were randomly assigned into 3 groups (8
birds per group). The birds in group I and group II were
inoculated with Hb06v (the novel variant strain) and
Hb06t (vvIBDV strain), respectively, via intramuscular
inoculation route at a dose of 104.0 EID50; the birds in
group III were inoculated with an equal volume of PBS
as a control. The birds in each group were maintained in
independently negative pressurized isolators. Food and
water were provided ad libitum. Clinical manifestations



Table 1. IBDV reference strains used in this study.

Strain Origin Genotype/Serotype Accession No.

OH Canada Serotype 2 U30818
23/82 Germany Serotype 2 AF362773
SHG358 China Variant MT179721
SHG352 China Variant MT179720
SHG19 China Variant MN393076
GLS USA Variant AF093794
9109 USA Variant AY837465
Variant A USA Variant M64285
Variant E USA Variant AF133904
HLJ0504 China Very virulent GQ451330
HK46 China Very virulent AF092943
Harbin-1 China Very virulent AF092171
OKYM Netherlands Very virulent D49706
Gx China Very virulent AY444873
Gt China Attenuated DQ403248
D6948 Netherlands Very virulent DQ646405
B87 China Attenuated DQ906921
D78 USA Attenuated AF499929
Cu-1 China Attenuated X16107
CT France Attenuated AJ310185
CEF94 Netherlands Attenuated AF133904
JD1 China Attenuated AF321055
BD399 Bangladesh Attenuated AF362776
2512 USA Classic DQ355819
IM USA Classic AY029166
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of this disease and mortality were monitored daily. At 5
d post inoculation (dpi), 3 birds of each group were
weighed and then euthanized for necropsy. At 10 dpi, all
the birds were euthanized for necropsy to record the
gross lesions. The bursa: body weight index (BBIX)
was calculated. The spleen and BF were collected for
virus detection using RT-PCR.

To determine whether the variant IBDV induced
immunosuppression of chickens, the influence of Hb06v
infection on vaccination against avian influenza was
evaluated. A total of twenty-four 10-day-old SPF chick-
ens were randomly assigned into 3 groups (8 birds per
group). The birds in group I was inoculated with Hb06v
(the novel variant strain), via the ocular and intranasal
routes at a dose of 104.0 EID50. At 3 dpi, the birds in
group I and group II were immunized with the commer-
cial inactivated vaccine against H9N2 avian influenza
virus (AIV). The third group, without infection and vac-
cination, was used as the control. The chickens were
observed daily for clinical symptoms for 14 d. At 7, and
14 d postvaccination, the antibody titers were examined
using Hemagglutination inhibition (HI) assay.
Table 2. IBDV strains isolated in this study.

Isolate Origin Type Accession No.

Hb05v1 broiler Variant MW795729
Hb05v2 broiler Variant MW795728
Hb06t broiler Classic strain MW795727
Hb06t3 broiler Classic strain MW795726
Hb06v broiler Variant MW795725
Histopathology

The fresh affected tissues (spleen and BF) were fixed
in 10% neutral-buffered formalin, routinely processed,
embedded in paraffin, sectioned (4-mm thick), and
stained with hematoxylin and eosin (H&E) according
to standard protocols. Pathological changes were exam-
ined by light microscopy.
Hb06v2 broiler Variant MW795724
Hb06v5 broiler Variant MW795723
Hb07t1 broiler Classic strain MW795733
Hb07v2 broiler Variant MW795734
Hb07v3 broiler Variant MW795732
Hb07v4 broiler Variant MW795731
Hb08v broiler Variant MW795730
Statistical Analyses

A one-way ANOVA was employed to evaluate the sig-
nificance of the differences among the different groups.
Differences with P < 0.05 were considered significant.
RESULTS

Clinical Features of the Diseased Chickens

During May 2020 to August 2020, an epidemiological
survey was performed in broiler breeders to monitor the
IBDV epidemic in Hubei province. All the chickens pre-
sented typical clinical signs, such as hemorrhage in leg,
atrophy occurred in thoracic gland and BF, spleen
enlarge. The onset age of sick chickens mainly concen-
trated in 3−6 wk old. The presence of IBDV was
detected using RT-PCR assay. As a result, all the 64
field strains were confirmed IBDV positive. Virus isola-
tion and purification were performed using SPF chicken
embryonated eggs. As a result, a total of 64 field IBDV
strains were successfully isolated. These data indicated
that IBDV is prevalent in the Chinese poultry industry.
Characterization of VP2 Genes of IBDV
Isolates

In previous study, we sequenced the complete genome
of IBDV isolates, Hb06v and Hb06t. We found that the
nucleotide sequences of the vp1 gene are highly con-
served. Therefore, in this study, we mainly focused on
the molecular characteristic of the VP2 gene of IBDV
isolates. Because VP2 is involved in the antigenicity, cell
tropism, virulence and apoptosis, we sequenced the VP2
HVR of the IBDV field strains for diversity analysis. As
a result, a total of 64 nucleotide sequences of VP2 gene
were obtained, but only 12 sequences were identified
(Table 2). Because many IBDV isolates from the same
chicken flock had identical sequences or some of them
were identified as vaccine strains. Within the VP2 genes
obtained in this study, the fragments of the nucleotide
sequences were 714 bp in length, and the corresponding
deduced amino acid (aa) numbers were 238 aa. The
nucleotide sequences of VP2 gene obtained in this study
have been deposited in the GenBank database under the
accession numbers MW795723-MW795734.
A multiple sequence alignment based on the nucleotide

sequences of VP2 gene obtained in this study and other
sequences retrieved from GenBank database was made
using the Clustal X program. As a result, the identities of
nucleotide sequence ofVP2 gene between 12 IBDV isolates
ranged from 90.1 to 99.0%. The nucleotide sequence identi-
ties between 12 IBDV strains and other strains retrieved
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from GenBank ranged from 90.3 to 99%. The highest iden-
tity (99.0%) was found between Hb06v and SHG358,
whereas the lowest identity (90.3%) was found between
Hb08v and Candioto-BR. Additionally, the variant IBDV
strains isolated in the study had 96.3%»99.0% identity
with the novel variant IBDV reference strains,
93.2%»94.6% identity with the early American variant
strains, 90.7%»94.9% identity with the vvIBDV reference
Figure 1. Phylogenic analysis based on the nucleotide sequences of VP
method from phylogenetic distances calculated using MEGA 7.0 software. B
nodes. All the VP2 gene sequences obtained in this study are indicated by so
strains, 90.3%»94.6% identity with the attenuated strains,
and 92.0%»93.8% identity with the intermediate strains.
Phylogenetic analysis at the nucleotide level of VP2

gene of the IBDV isolates together with reference
sequences was conducted. As a result, all the IBDV
strains were divided into 5 major branches: very virulent
strains, attenuated strains, classic strains, variant
strains and serotype 2 (Figure 1).
2 gene. A phylogenic tree was constructed using the neighbor-joining
ootstrap values obtained from 1,000 replicates are shown at the major

lid dots. The vaccine strains are marked with solid triangles.



Table 3. The amino acid substitutions in VP2.

Strains Phenotype
Amino acid site

221 222 242 249 252 253 254 256 279 284 286 294 299 318 323 330 359

B87 Attenuated strain Q P V Q V H G V N T T L N G D R T
D78 Attenuated strain Q P V Q V H G V N T T L N G D R T
CT Attenuated strain Q P V R V H G V N T T L N G D R T
Variant A Variant (USA) Q Q V K V Q S V N A I L N D D S T
Variant E Variant (USA) Q T V K V Q S V N A I L N D E S T
SHG358 Variant (China) K T V K I Q N V N A I L S D E S T
SHG352 Variant (China) K T V K I Q N V N A I L S D E S K
SHG19 Variant (China) K T V K I Q N V D A I L S D E S T
HLJ0504 Very virulent Q A I Q V Q G I D A T I S D D S T
OKYM Very virulent Q A I Q V Q G I D A T I S D D S T
HK46 Very virulent Q A I Q V Q G I D A T I S D D S T
2512 Vaccine strain Q P V Q V Q G V D A T I N G D S T
Hb06v5 Variant K T V K I Q D V N A I L S D E S S
Hb06v2 Variant K T V K I Q N V N A I L S D E S T
Hb06v Variant K T V K I Q N V N A I L S D E S T
Hb05v2 Variant K T V K I Q N V N A I L S D E S T
Hb05v1 Variant K T V K I Q N V N A I L S D E S T
Hb08v Variant K T V K I Q N V N A I V S D E S T
Hb07v4 Variant K T V K I Q N V N A I L S D E S K
Hb07v3 Variant K T V K I Q N V N A I L S D E S T
Hb07v2 Variant K T V K I Q N V N A I L S D E S T
Hb06t3 Very virulent Q A I Q V Q G V D A T L S G D S T
Hb06t Very virulent Q A I Q V Q G V D A T L S G D S T
Hb07t1 Moderate virulent Q P V Q V Q G V D A T L N G D S T
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Molecular Characteristic of the VP2 Gene of
IBDV Isolates

HVRs of the VP2 gene (206 to 350 aa) contains 4
hydrophilic regions: aa 210-225 (peak A), 247-254
(minor peak 1), 281-292 (minor peak 2), and 312-324
(peak B). In this study, we analyzed the molecular char-
acteristic of the HVRs of VP2 gene of IBDV isolates. As
a result, all the variant IBDV strains possessed similar
typical amino acid residues, such as 222T, 249K, 286I,
and 318D. The isolates in the subgroup 1 possessed same
typical amino acid residues (222A, 242I, 256I, and 294I)
with the reference very virluent strain OKYM; The iso-
lates in the subgroup 3 possessed same typical amino
acid residues (222P, 242V and 249K) with the reference
classic strain 2512; The isolates in the subgroup 4 shared
same typical amino acid residues (222T, 242V, 249K,
253Q, 256V, 279N, 284A, 286I, 294L, 318D, 323E and
330S) with the reference variant strain Variant E. Con-
sistent with the previous findings (Fan et al., 2019), we
also identified 4 typical amino acid residues (221K, 252I,
254N and 299S), which can distinguished subgroup 4
from the American variants (Table 3).
Figure 2. Clinical manifestations of SPF chickens infected with
IBDV. A total of twenty-four 1-day-old SPF chickens were randomly
assigned into 3 groups (8 birds per group), and inoculated with Hb06v
(novel IBDV variant strain), Hb06t (vvIBDV strain), or PBS as a con-
trol. Clinical manifestations of this disease and mortality were moni-
tored daily. (A) Survival curves for each group. (B) The bursa: body
weight index (BBIX) at 7 d postinfection.
Clinical Symptoms and Gross Lesions of
Hb06v- and Hb06t-Infected Chickens

To assess the pathogenicity of IBDV strains, animal
experiment was performed using novel variant strain
Hb06v and vvIBDV strain Hb06t. As a result, compared
to the chickens in the control group, all the Hb06v-
infected chickens presented slight listlessness but no
death occurred during the study, while Hb06t-infected
chickens began to die at 3 dpi, and the mortality reached
to 62.5% during the experiment period (Figure 2A).



Figure 3. Gross pathologic analysis of the diseased chickens. The SPF chickens were inoculated with Hb06t and Hb06v isolate at a dose of 104.5

EID50 and PBS as controls respectively. All the chickens were euthanized at 7 dpi. Necropsies were performed and the gross lesions were recorded at
the time of necropsy. (A-C) Pathogenic lesions of the leg musal: The microscopic lesions were haemorrhage of leg.of Hb06t-inoculated and Hb06v-
inoculated chickens. (D-F) Pathogenic changes in the spleen and bursal: Compared to those of controls, the Hb06t-inoculated and Hb06v-inoculated
chickens presented swollen spleens and atrophic bursa of Fabricius. The lesions were marked with arrows.
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BBIX values for both the Hb06v and Hb06v groups were
< 0.7 (Figure 2B), indicating severe lesions of the bursa
of Fabricius of Hb06v- and Hb06t-infected chickens. At
necropsy, compared to the chickens in the control group,
both Hb06v- and Hb06t-infected chickens showed simi-
lar lesions, including the atrophy of the BF, severe
hemorrhaging in the muscles of leg and chest, and the
swelling of spleen (Figure 3).

To further analyze the pathogenicity of IBDV field
isolates, the histopathological lesions in the bursae and
spleen were detected at 7 dpi (Figure 4). Severe lesions
were observed in bursa and spleen from both the Hb06t
and Hb06v groups, including a reduction in lymphocyte
numbers, endothelial cell exposure and degeneration or
necrosis in the bursa and spleen. No pathological lesions
were observed in the control group.
Evaluation of Immunosuppression of the
Variant IBDV

To evaluate the effect of the novel variant IBDV on
host immune response, we immunized SPF chickens
with commercial inactivated vaccine against H9N2
avian influenza virus (AIV), following the infection of
the novel variant IBDV, and examined the antibody
titers against H9N2 AIV using Hemagglutination inhibi-
tion (HI) assay. As a result, compared with the control
group, the HI titer of antibodies against H9N2 AIV was
effectively lowered in the Hb06v-infected group
(Figure 5).
DISCUSSION

With the first emergence of classic IBDV in America
in 1957, variant IBDV was reported in America in the
late 1980s, which evaded the immune protection of clas-
sic IBDV (Jackwood and Saif, 1987). In China, there
were only sporadic reports of IBDV variants in the early
1990s (Chen et al., 2012; He et al., 2012; Cui et al.,
2013). While the variant IBDV was inadvertently
neglected because of the sporadic distribution of
vvIBDV (Jackwood et al., 2006; Letzel et al., 2007).
Thanks to the rational use of vaccine and the improve-
ment of feeding level, the infection of vvIBDV has been
gradually controlled in China (Xu et al., 2015). How-
ever, the novel variant IBDV emerged in recent years in
China. Although the novel variant IBDV was not lethal,
the causative agent always mainly damages the bursa of
Fabricius, the central immune organ of chickens for the
development and maturation of B lymphocytes, directly
causing a rapid, progressive loss of B lymphocytes in the
bursa, spleen, and peripheral blood by apoptosis, leading
to immunosuppression in survived chickens. Previous
study reported that 76 broiler flocks immunized with



Figure 4. Histopathological appearance of bursal and spleen from IBDV-inoculated SPF chickens. The bursal and spleen samples were fixed by
immersion in 10% neutral-buffered formalin, routinely processed, embedded in parafn, sectioned (4 mm thick), and stained with hematoxylin and
eosin. Histological changes were examined by light microscopy. The left side is bursa and the right side are spleen

Figure 5. Evaluation of immunosuppression of IBDV variant
strain Hb06v using SPF chickens. Antibody against the H9N2 AIV vac-
cine was determined by a HI assay. The average titers and standard
deviations (error bars) from ten independent samples are shown.
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IBD vaccine in 6 provinces in China had detected novel
variant strains for the first time (Fan et al., 2019). More-
over, the novel IBDV variants had spread to other coun-
tries, such as Japan, South Korea and Malaysia
(Aliyu et al., 2021; Myint et al., 2021; Thai et al., 2021).
The commercial vaccines against IBDV cannot provide
complete protection to birds (Fan et al., 2020). Consid-
ering the rapid spread of the novel variants, the continu-
ing surveillance is significantly important to control this
disease.
Molecular biology research of IBDVmainly focused on

the HVRs of VP2 gene, which is beneficial for tracking
the genetic evolution of IBDV (Jackwood and Sommer-
Wanger, 2005). The changes in some regions of VP2
gene lead to changes of viral antigenicity
(Durairaj et al, 2011). The mutation of amino acid site
222 can change the monoclonal antibody reactivity and
induce the immune escape (Jackwood and Sommer-
Wanger, 2011). Therefore, the study on the key amino
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acid sites of VP2 is of great significance for the preven-
tion and control of IBDV.

From May to August in 2020, IBDV broke out fre-
quently in many broiler farms in Hubei Province. We
isolated 12 field strains of IBDV from 64 samples. The
outbreak time of IBDV was from May to August, and
the weather was hot, so it was easier for IBDV to survive
and spread in hot environment (Ling, 2021). Exposure
to heat stress suppresses poultry immune responses,
which can increase susceptibility to infectious diseases
(Mashaly et al., 2004; Monson et al., 2018). VP2 is the
capsid protein of IBDV and the main protective antigen
of IBDV. The hypervariable region of VP2 is often used
for genetic variation analysis of IBDV (Jackwood et al.,
2018). According to the phylogenetic tree of partial VP2
gene sequences and the key amino acid sites, we identi-
fied 9 novel variants, 2 vvIBDV and 1 Classic strain.
The homology between the 9 variants and other novel
variants (SHG19, etc.) isolated previously was high,
while the sequence homology with the early American
variant was low. Therefore, the pathogen of atypical
infectious bursal disease might belong to IBDV variants,
it is significantly different from the early American vari-
ant. Interestingly, we found that different types of
IBDV strains have their own unique amino acids, which
is consistent with the early research findings (Ren et al.,
2009; Jackwood, 2012). Similar to the previous reports,
the HVRs of VP2 gene of 9 strains isolated in this study
contain the characteristic amino acids: 221K, 252I and
299S. Interestingly, 299S is not only the unique amino
acid of IBDV novel variant, but also the characteristic
amino acid of vvIBDV. However, the biological signifi-
cance of these amino acid sites is unclear. More effort
will be required reveal the function of these sites in the
future. The amino acid site 222T, 249K, 286I and 318D
have been proved to be closely related to IBDV antigen
variation (Vakharia et al., 1994; Jackwood et al., 2006;
Letzel et al., 2007). The mutation at amino acid site 222
involved viral replication and virulence because this resi-
due is located at the tip of the PBC loop, which contains
neutralizing epitopes (Letzel et al., 2007; Qi et al.,
2016). Previous reports indicated that the virulent
IBDV strains could be weakened when the mutation of
Q249R emerged, providing evidence for the association
of amino acid site 249 with virulence (Brandt et al.,
2001; Qi et al., 2013). Both amino acid sites 286 and 318
may be associated with the binding of virus and cell
receptor, or with the cytotropism and virulence of IBDV
(Boot et al., 2000).

It has been reported that the novel variant IBDV was
not lethal, but induced severe damage to the BF
(Fan et al., 2020; Xu et al., 2020). Our results also
proved this appearance. Although the chickens infected
with the novel variant strain survived, they showed
slight listlessness and the chickens were weak. Consis-
tent with the results from necropsy, histopathology
analysis also indicated the severe lesions of the bursa of
chickens infected with the novel variant IBDV. Many
studies have reported that the diseased chickens usually
suffer from severe immunosuppression (Spackman et al.,
2018; Tom�as et al., 2019). The novel variants signifi-
cantly suppressed the host immune response to the
NDV live vaccine (La Sota) (Fan et al., 2019). In this
study, we also evaluated the effect of the novel variant
on the host response in SPF chickens. Compared to
that of controls, the lower titers of antibodies
against H9N2 AIV in IBDV-infected chickens might
be associated with the damage of the BF. Although
chickens survived, the immune deficiency caused by
IBDV increases the risk of infection by other viruses,
bacteria and parasites (Van den Berg et al., 2000;
Zachar et al., 2014; Jackwood, 2017). The commer-
cial vaccines against IBDV widely used in poultry
industry cannot provide complete protection to the
novel variant IBDV strains (Jackwood, 2011;
Qi et al., 2015). More effort will be required to
develop vaccines against the novel variant IBDV
strains. The surveillance of IBDV will provide mean-
ingful information, which is beneficial for vaccine
development.
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