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ABSTRACT Infectious bursal disease (IBD) is an acute, highly contagious, and immunosuppressive disease in young chick-
ens, and causes considerable economic losses to the poultry industry. More than 30 years ago, an antigenic variant IBDV
(avIBDV) was reported in chicken farms in the United States. Recently, a novel avIBDV exhibited clear differences in molecular
characteristics compared with previous variant strains. This study investigated the molecular characteristics of recently isolated
avIBDV strains in Korea. Strains of avIBDV were confirmed by reverse transcription PCR (RT-PCR) and were propagated
in 10-day-old specific-pathogen-free (SPF) embryonated chicken eggs through chorioallantoic membrane (CAM) inoculation.
Multiple sequence alignment and phylogenetic analyses of hypervariable regions VP2 gene revealed that the strains originated
from two different avIBDV lineages (G2a and G2d). In our results, we confirmed the co-existence and prevalence of avIBDV
genogroup G2a and G2d in chicken farms. It is necessary to study the protective efficacy of current vaccines against avIBDVs.
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INTRODUCTION

Infectious bursal disease (IBD), an acute, highly conta-
gious, and immunosuppressive disease in young chickens,
causes considerable economic losses to the poultry industry.
Infectious bursal disease virus (IBDV) destroys B-lympho-
cytes in the bursa of Fabricius of young chickens, inducing
immunosuppression (Jackwood, 2017; Saif, 1991). IBDVs are
classified under the Avibirnavirus genus of the Birnaviridae
family, have a non-enveloped icosahedral capsid with a dou-
ble-stranded RNA (dsRNA) genome with two segments
(segments A and B). Segment A is approximately 3.2 kb and
contains two open reading frames (ORFs) that encode viral
proteins including VPS5, VP2, VP4 and VP3 (Fahey et al.,
1989; Bayliss et al., 1990). VP2 is the major structural pro-
tein, which is involved in antigenicity, cell tropism, virulence
and apoptosis (Coulibaly et al., 2005). The amino acid (aa)
residues 206 —350 of VP2 have been identified as the hyper-

variable region (HVR) which contains four hydrophilic re-
gions, including aa 210—225 (peak A), 247—254 (minor
peak 1), 281—292 (minor peak 2), and 312—324 (peak B)
(Letzel et al., 2007). Segment B is approximately 2.8 kb and
encodes VP1, an RNA-dependent RNA polymerase (RdRp),
which plays an important role in viral replication and genetic
evolution (Escaffre et al., 2013).

IBDVs are divided serotypes I and II. Serotype I IBDVs
are pathogenic to chickens and are further classified into sev-
en subtypes, classical / attenuated IBDV (cv/at IBDV, Gl1),
antigenic variant IBDV (avIBDV, G2), very virulent IBDV
(wIBDV, G3), distinct (d) IBDV (dIBDV, G4), variant /
classical recombinant (G5), dIBDV from Italy (G6) and
Australia (G7) (Jackwood et al., 2018). Serotype II IBDVs
have been isolated from turkeys and are nonpathogenic to
chickens (Ismail et al., 1988).

IBDV was first isolated in 1957 in the United States
(Cosgrove, 1962). Subsequently vvIBDV and avIBDV have
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emerged (Chettle et al., 1989; Jackwood and Saif, 1987).
Over the past 30 years, vwIBDV with an extremely high mor-
tality rate has caused considerable economic losses to the
poultry industry (Jackwood, 2017). Intermediate or interme-
diate plus live attenuated vaccines and inactivated vaccines
were widely used to control IBDV infection, and vvIBDV is
well contained worldwide. However, in recent years, novel
avIBDV that emerged in China rapidly spread to other coun-
tries (Fan et al.,, 2019; Thai et al., 2021; Xu et al., 2020).
avIBDV has no mortality but causes severe atrophy of the
bursa of Fabricius and induces severe immunosuppression in
chickens (Fan et al., 2019; Xu et al., 2020). In South Korea,
the first IBD outbreak was reported in 1980 and four gen-
ogroups of IBDV (G1-G4) have been isolated to date (Jeon
et al., 2009; Kim et al., 2010; Kwon et al., 2000). In the
present study, we focused on the genetic and pathogenic
characterization of the avIBDV from chickens in Korea. This
study provides information about genetic and pathogenic

characterization of currently circulating avIBDV in Korea.

MATERIALS & METHODS

1. Sample Collection

Bursal samples were collected between 2019 and 2020
from suspected IBDV-infected chickens from chicken farms
(Jeonbuk and Gyeongki provinces). Bursal samples were
homogenized in 10% (w/v) phosphate buffered saline [PBS,
pH 7.4; supplemented with 100x antibiotic —antimycotic
(Gibco, New York, USA)]. The homogenates were centri-
fuged at 3,000xg for 10 min at 4C, and the supernatant was
collected for subsequent IBDV detection and analysis. The
supernatant was then conserved in aliquots at —70C for vi-

rus isolation and viral RNA extraction.

2. Reverse Transcription PCR (RT-PCR) and
Sequencing

Viral RNA was extracted from the clarified bursal samples
using the 5X MagMAX™ — Pathogen RNA/DNA kit (Ther-
mo Fisher Scientific, Vilnius, Lithuania) with KingFisher
Duo Prime Purification system (Thermo Fisher Scientific,
Waltham, MA, USA) following the manufacturer’s protocol.
Viral ¢cDNA was generated from RNA samples using Go-

Script™ reverse transcriptase (Promega, Madison, WI, USA)
with random primers (9 mers; TaKaRa Bio. Inc., Otsu, Shi-
ga, Japan). In the reverse transcription (RT) reaction, 8 uL of
extracted RNA and 2 pL of dimethyl sulfoxide (Tedia, Ohio,
Fairfield, USA) were heated at 100C for 5 min and then
placed in an ice bath for 5 min. Then, the following materials
were added to this reaction mixture: 8 uL of GoScriptTM 5X
RT reaction buffer (Promega, Madison, WI, USA), 10 uL of
2.0 mM of each dNTP (SolGent, Daejeon, Korea), 4 uL of
MgCl, (Promega, Charbonniere, France), 1 pL of 20 units
Recombinant RNasin® Ribonuclease Inhibitor (Promega,
Madison, WI, USA), 1 uL of GoScrip‘[TM reverse transcrip-
tase, 1 uL of 50 pmol random primer, and 4 pL of dieth-
ylpyrocarbonate-treated water (DEPC water; Biosesang, Seoul,
Korea); a final volume of 39 uL was obtained. The RT re-
action mixture was incubated in this sequence: 25C for 5
min, 42°C for 60 min, and 70°C for 15 min to inactivate the
enzyme (Kim et al., 2022). The RT-PCR was performed us-
ing the forward primer IBDV-F1 (5’~-GCCCAGAGTCTACA-
CCAT-3") and the reverse primer IBDV-R1 (5’-CCCGGAT-
TATGTCTTTGA-3’), which amplified 743-bp fragment cov-
ering the hypervariable region (HVR) of the VP2 gene
(Jackwood et al., 2006). The RT-PCR products were purified
and the nucleotide sequences assembled using an ABI 3730-
XL DNA Analyzer (Applied Biosystems, Foster City, CA,
USA) by SolGent (Daejeon, Korea).

3. Sequence Analysis

Based on the nucleotide and deduced amino acid se-
quences of the VP2 HVR, phylogenetic analysis was
conducted. Sequence alignments were performed on the nu-
cleotide sequences using GENETYX software (Ver 6.1;
Genetyx Corp., Tokyo, Japan). A 360-bp fragment (661—
1,021 nt) of VP2 HVR was aligned, and phylogenetic trees
were constructed using the neighbor-joining method and
1,000 bootstrap replications with the MEGA X software.
(MEGA, 2018). The GenBank accession numbers and the na-
tion of the reference strains used in this study are provided
in Table 1.

4. Virus Isolation

Bursal homogenates were inoculated into 10-day-old spe-
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Table 1. IBDV reference strains used in this study
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Strain Origin Genotype Accession no Strain Origin Genotype Accession no
Lukert USA Genotype 1 AY918948 SHGA49 China Ge‘(‘gg’g; 2 MHS879104
F52-70 Germany  Genotype 1 AY321953 SHG165 China Ger(‘gg’g)e 2 MH925084
. Genotype 2
STC Canada Genotype 1 D00499 SHG232 China (G2d) MHS879119
Int/228E Taiwan Genotype 1 AF457104 SHG352 China Ge‘gétzyg)e 2 MH879130
D78 USA Genotype 1 AF499929 ZD-2018-1 China Ge‘(‘gtgg)e 2 MN485882
CU-1 China Genotype 1 X16107 JBN2011 Korea Genotype 3 MF188862
Vi USA Ger(lggf)e 2 AR281235 Chinju Korea Genotype 3 AF508177
09D243 Korea Ger(lgzy;’)e 2 Gussedlo OKYM Japan Genotype 3 D49706
variant E USA Gel(lgzy:)e 2 AFI33904 HuB-1 China Genotype 3 EU042145
AL-2 USA Gel(lgzyg)e 2 JEmeol HK46 China Genotype 3 AF051838
Tl USA Gel(lgzyé’; 2 AR281238 TY2 Japan Genotype 4 LC136880
Genotype 2
9109 USA by AY462027 K310 Korea Genotype 4 AF165149
19D38 Korea Ger(lgzyg; 2 MTs50875 SNU9414 Korea Genotype 4 EUS63754
19D44 Korea Gel(lgzyé’; 2 MTss0876 NVRI80029 Korea Genotype 4 FJ000316
3-1 USA Gel(lgzyge 2 096965  Mexico0dMO2 Mexico Genotype 5 DQ916213
OH20092N USA Ge‘gggge 2 JX096986  Mexico04MIO1 Mexico Genotype 5 DQ916210
. Genotype 2
3 Ohio USA 0 MF142529 ITA-02 Ttaly Genotype 6 JN852986
Genotype 2 .
19D51 Korea (G2d) MT550877 IBDVRF-5/94 Russia Genotype 6 797002
19D69 Korea Ger(lgzyg; 2 MTss0878 002/73 Australia  Genotype 7 AF148073
19D75 Korea Gel(lgzygf 2 MTS50879 08/95 Australia  Genotype 7 AF148081
SHG19 China Gel(lgggf 2 MH879092 V877-W Australia ~ Genotype 7 HMO071991

cific pathogen-free (SPF) embryonated chicken eggs via the inoculation (dpi), CAM of the infected embryos were har-

chorioallantoic membrane (CAM) route. Embryonated eggs vested and homogenized by freezing and thawing three times;

were observed daily for 5 days by candling. At 5 days post- then, 1.5 mL PBS was added, followed by centrifugation at
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3,000xg for 10 min. The 50% embryo infectious dose (EIDs)
was calculated by the method of Reed and Meunch (Reed &
Muench, 1938).

RESULTS

1. Detection and Isolation of IBDV

Four avIBDV strains were isolated and confirmed by
RT-PCR. Details of these strains isolated from chicken farms
are summarized in Table 2. Chickens originated from three
broiler farms and one Korean native chicken farm. Most
farms were reported to show low mortality rate but were
co-infected with viral diseases such as inclusion body hep-
atitis (IBH) and infectious bronchitis (IB) and bacterial dis-
eases such as Colibacillosis and Clostridial disease. Among
these strains, two strains were isolated from IBDV-vaccinated

chicken farms.

2. Molecular Characterization of aviBDV St-
rains

Phylogenetic analysis of VP2 HVR nucleotide sequences
of reference strains showed that these strains were divided in-
to seven major branches. The antigenic variant group (G2)
was divided into four-sublineages (G2a, G2b, G2c¢ and G2d).
According to the phylogenetic analysis, all four strains in the
present study were classified into one branch with the refer-
ence strains of the antigenic variant group (G2). Al19-
MRA-016 was clustered with the representative avIBDV

strains from G2a lineage which were demonstrated in

America and Korea (V1, and 09D243 strains, respectively).
A20-ETC-014, A20-CFR-001 and A20-MRA-149 were clus-
tered G2d lineage together with SHGI19 and ZD-2018-1
which recently emerged in China. A05-HL-144, which was
used in pathogenicity experiment was clustered in the dIBDV
group (G4) (Fig. 1).

The variant strains in the present study were classified into
two lineages: G2a and G2d; and these strains showed obvious
differences in VP2 gene sequence. A19-MRA-016 was more
closely related to variant strains from G2a and G2b lineages
(93.6—98.3% nucleotide sequence identity) than the G2d lin-
eage (91.9—92.5% nucleotide sequence identity). Additio-
nally, A20-ETC-014, A20-CFR-001, and A20-MRA-149 sh-
owed 96.1—100% nucleotide sequence identity within the
G2d, which was higher than the identity to the previous line-
ages in G2a (91.9—-93.6%, nucleotide sequence identity)
(Table 3).

Further molecular characterization of avIBDVs was con-
ducted by multiple alignments of the deduced amino acid se-
quences of HVRs of the VP2 gene (221 to 340 aa). All the
variant IBDV strains possessed similar typical amino acid
residues 222T, 249K, and 286I. Notably, two conserved ami-
no acid residues including 2521, and 299S were only existed
in the Chinese variant IBDVs (G2d), which are distinctly dif-

ferent from the American variants (G2a) (Table 4).

DISCUSSION

Infectious bursal disease (IBD) is an acute, highly conta-

Table 2. Summary of variant strains of the infectious bursal disease virus (IBDV)

Age Mortality Vacci-

Isolates Species Province Population (days) (%) nation Complicated disease Gross lesion Accession no.
Broil Erosi
AI9-MRA016 " Jeonbuk 40,000 18 03—08  nd Inclusion body hepatitis 0" 39 o 10972
(Ross) inflammation
Broiler Yes Infectious bronchitis
A20-ETC-014 G i 45,000 26 1.8 N Atroph; OM310973
(Cobb) yeongki ’ (13d) Colibacillosis Py
Yes Clhniillllesrlloriln?eoc?i}(l)utepaitelzlsia Hemorrhagic
A20-CFR-001 KNC® Jeonbuk 39,000 43 0.4 I and OM310974
(23d) Colibacillosis . .
o . inflammation
Clostridium perfringens
A20-MRA-149 Broiler Jeonbuk 95,500 34 nd No No No lesion OM310975
! No data.

2 Korean native chicken.
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Table 3. The key amino acid substitutions in VP2 HVR
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A20-MRA-149
A20-CFR-001 100
SHG49 97.78 97.78
SHG352 97.22 97.22 96.94
SHG232 98.33 98.33 97.78 98.33
A20-ETC-014 | 96.11 96.11 96.11 96.67 97.22
SHG165 96.39 96.39 96.39 96.39 97.50 98.61
SHG19 96.39 96.39 96.11 96.11 97.22 98.33 98.61
A19-MRA-016| 91.94 91.94 91.94 92.22 91.94 92.50 92.22 92.50
Vi 93.04 93.04 93.04 93.04 93.04 93.59 93.32 93.59 96.10
09D243 92.22 9222 91.94 91.94 92.22 91.94 92.22 92.50 98.33 96.66
A05-HL-144 87.92 87.92 88.20 88.76 88.76 88.48 88.48 88.76 90.81 90.83 90.81
% AZO-NRAJAQIAZO-G:R(I)I SHG49 | SHG352 | SHG232 [A20EIC014 SHG165 | SHGI9 [AI9VRAO16 V1 09D243 |AOS-HL-144]
Table 4. The key amino acid substitutions in VP2 HVR
Strain Genogroup Amino acid positions (VP2)
221 222 242 249 252 253 256 279 284 286 294 299 318 330
A20-CFR-001 G2d (avIBDV) K T \% K | Q \% N A 1 L S D S
A20-ETC-014 G2d (avIBDV) K T \% K I Q \'% N A 1 L S D S
A20-MRA-149 G2d (avIBDV) K T \% K I Q \% N A 1 L S D S
19D51 G2d (avIBDV) K T \% K I Q \% N A 1 L S D S
SHG19 Gd@mBby) K T V K I Q VvV N A 1 L S D S
SHG49 G2d (avIBDV) K T \Y K I Q \'% N A 1 L S D S
ZD-2018-1 G2d (avIBDV) K T \% K I Q \'% N A 1 L S D S
Variant E Ga@mBby) Q T V K V Q VvV N A I L N D 8
A19-MRA-016 G2a (avIBDV) K T \% K \% Q \% N A 1 L N D S
09D243 G2a (avIBDV) K T \% K \% Q \% N A 1 L N D S
9109 G2b (avIBDV) Q T \% K \% Q \% N A 1 L N N S
19D38 Gbh@BDV) Q T V K V Q V N A 1 L N N S
F52/70 Gl (cv/at) Q P I Q A% Q \Y D A T L N G S
D78 Gl (cv/at) Q P A% Q \Y% H \Y% N T T L N G R
HK46 G3 (wIBDV) Q A I Q VvV Q I D A T 1 S G S
OKYM G3 (vwIBDV) Q A I Q \Y Q I D A T I S G S
TY-2 G4 (dIBDV) Q S A\ Q \Y Q \% N A T L H G S
A05-HL-144 G4 (dIBDV) Q S \% Q A% Q T N A T L N D S
Mexico04M101 G5 Q T VvV Q vV Q vV N A T L N D s
IBDV/Italy/1829/2011 G6 Q Q \% Q \% E K D A T L S G S
V877 G7 Q P \% Q \% Q \% G A T L S G S
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A20-MRA-149/Chicken/Korea/2020 (OM310975

4 A20-CFR-001/Chicken/Korea/2020 (OM310974)
49— 19D51/Chicken/Korea/2019 (MT550877.1)
59+ 19D69/Chicken/Korea/2019 (MT550878.1)
— 19D75/Chicken/Korea/2019 (MT550879.1)
—— SHG49/Chicken/China/2018 (MH879104.1)
SHG352/Chicken/China/2018 (MH879130.1) GZd
SHG232/Chicken/China/2018 (MH879119.1)
ZD-2018-1/Chicken/China/2018 (MN485882.1)
SHG19/Chicken/China/2018 (MH879092.1)
SHG165/Chicken/China/2018 (MH925084.1)

60— A20-ETC-014/ChickenlKorea/2020 (OM310973) G2
T1/Chicken/USA2001 (AF281238.1) (avIBDV)
9109/Chicken/USA (AY462027.1)
— 5 19D44/Chicken/Korea/2019 (MT550876.1) GZb

108 19D38/Chicken/Korea/2019 (MT550875.1)

— variant E/Chicken/USA/1999 (AF133904.1)
98AL-IZ/Chi(:ken/USA12007 (JF736011.1)
4 2 V1/Chicken/USA/2001 (AF281235.1) G2a
3 A19-MRA-016/Chicken/Korea/2019 (OM310972)
96— 09D243/Chicken/Korea/2009 (GU646410.1)
3-1/Chicken/USA/2012 (JX096965.1)
. OH20092N/Chicken/USA2009 (JX096986.1) G ZC

6: 3 Ohio/Chicken/USA/2014 (MF142529.1)
STC/Chicken/Canada/1990 (D00499.1)
F52-70/Chicken/UK/1970 (AY321853.1)
Lukert/Chicken/USA (AY918948.1) G 1

Int/228E/Chicken/Taiwan (AF457104.1) ( CV/atl B DV)
) D78/Chicken/USA/ (AF499929.1)
9£ CU-1/Chicken/China/1989 (X16107.1)

494;7 ITA-02/Chicken/Italy/2011 (JN852986.1)
IBDVRF-5/94/Chicken/Russia/1998 (297002.1) G 6

=

pr JBN2011/Chicken/Korea/2011 (MF188862.1) —_
Chinju/Chicken/Korea/2002 (AF508177.1)
HuB-1/Chicken/China (EU042145.1) G3
— OKYM/Chicken/Japan/1996 (D49706.1)
: , (vvIBDV)
83— HK46/Chicken/Hongkong/1998 (AF051838.1)

Mexico04M101/Chicken/Mexico/2004 (DQ916210.1) N
T G5

09 Mexico04M92/Chicken/Mexico/2004 (DQ916213.1)
TY2/Chicken/Japan/2002 (LC136880.1) =

A A05-HL-144/Chicken.Korea/2005 (OM310971) G4
30 SNU9414/Chicken/Korea/1994 (EU863754.1)
SJ ’: NVRI80029/Chicken/Korea/2009 (FJ000316.1) (d I BDV)
8 K310/Chicken/Korea/1997 (AF165149.1)

————— 08/95/Chicken/Austrailia/2000 (AF148081.2) )
99 — V877-Wi/Chicken/Austrailia/2008 (HM071991.1) G 7

108- 002/73/Chicken/Austrailia/2000 (AF148073.1)

0.020

Fig. 1. Phylogenetic analysis of the nucleotide sequences of VP2 HVR (360 bp). Phylogenetic tree of hypervariable region of VP2
generated by the neighbor-joining method using MEGA X with 1,000 bootstrap replications. IBDV strains in present study identi-
fied in this study are indicated in bold.
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gious and immunosuppressive disease in young chickens,
causes considerable economic losses to the poultry industry
(Van den Berg et al.,, 2000). Since the first emergence of
classic IBDV in the USA was documented in 1957, and
avIBDV was reported in the USA in 1987, which evaded the
immune protection of classic IBDV (Cosgrove, 1962; Jack-
wood & Saif, 1987). However, over the past 30 years,
avIBDV was neglected because of the subsequent cases of
vvIBDV, which has high mortality and morbidity with eco-
nomic losses (Jackwood et al., 2006). However, the novel
avIBDV emerged in 2019 in China (Fan et al., 2019). This
avIBDV has a low mortality, but it causes severe atrophy of
bursa, which induces immunosuppression and avIBDV-in-
fected birds are susceptible to secondary infection of bacterial
and viral diseases such as IB, IBH, colibacillosis (Berg, 2000;
Jackwood, 2017; Xu et al., 2020).

In our study, four avIBDVs were detected in Korean broil-
ers and native chickens. Among the four avIBDVs, two were
isolated from chicken farms immunized with the inter-
mediate-plus IBDV vaccine. However, gross lesions such as
atrophy and inflammation in these birds showed no differ-
ences as compared to non-vaccinated chickens. Also, three
isolates were co-infected with other viral and bacterial
diseases. In previous studies, the commercial vaccines against
avIBDV may not have provided complete protection to chick-
ens (Fan et al., 2019). Therefore, it is necessary to evaluate
the efficacy evaluation of the avIBDV of the current com-
mercial vaccine, and continuous surveillance of the avIBDV
is also needed. In addition, it is imperative to study the im-
munosuppressive properties of the avIBDV and the risk of
co-infection with other viral and bacterial diseases.

VP2 gene is a capsid protein of IBDV and includes a P
domain. The P domain is involved in antigenicity and host
cell adhesion. The HVR of the VP2 gene is frequently used
for genetic analysis of IBDV (Coulibaly et al., 2010;
Jackwood et al., 2018). All four isolates in this study be-
longed to the antigenic variant group (G2). Three of the iso-
lates belonged to the G2d group, which is a novel avIBDV
that recently occurred in China, and one of isolates belonged
to the G2a group, similar to the American variant strain. A

novel antigenic variant IBDV was first reported in China in

2019, and is also being detected in Korea, Japan, and
Malaysia (Aliyu et al., 2021; Fan et al., 2019; Myint et al.,
2021; Thai et al., 2021). In Korea, the avIBDV 09D243 sim-
ilar to the Variant E was first reported in 2010 (Kim et al.,
2010). A total of 5 isolates were reported in 2021, including
two isolates were in the G2b group and three were in the
G2d group (Thai et al., 2021). In addition, although viruses
such as K310, NVRI80029, and SNU 9414, similar to
A05-HL-144 used in this study, were reported as Korean an-
tigenic variants, these strains were regarded as dIBDV and
classified as genotype 4 (Jeon et al., 2009; Kwon et al., 2000;
Tomas et al., 2019). Furthermore, the Chinese variant IBDVs
(G2d) were obviously different from the American variant
IBDVs (G2a, G2b). A20-ETC-014, A20-CFR-001, and A20-
MRA-149 showed 96.1—100% sequence identity with the
G2d, which was higher than the identity to the previous other
lineages (91.9—93.6%). Therefore, it is important to study
the transmission of avIBDV, and to study the effect of the
genome mutations in antigenic variant strains on the pathoge-
nicity in the chicken.

As a result of amino acid (aa) analysis of VP2 gene HVR,
characteristic amino acids, including 222T, 249K, and 2861
mutations were identified. In the case of 222 (aa), it changes
the reactivity of monoclonal antibodies and induces immune
evasion (Jackwood & Sommer-Wagner, 2011; Michel &
Jackwood, 2017). In the case of 249 (aa), it was confirmed
that the virulence was weakened when the Q249R mutation
occurred, providing evidence related to virulence (Qi et al.,
2013).

Compared with the American antigenic variant IBDV, dis-
tinct amino acid residues in VP2 (2521 and 299S) were ob-
served in the Chinese variant IBDVs (Fan et al., 2019). In
the case of 299S, it is both a characteristic amino acid ap-
pearing in antigenic variants and one of the characteristic
amino acids of very virulent IBDV. The biological role of
these amino acids is unknown. Therefore, it is necessary to
study the effect of amino acid mutations on pathogenicity
(Jackwood et al., 2018).

In conclusion, we reported the co-occurrence of different
sub-lineages of avIBDVs in South Korea. In addition, we

show the possibility that avIBDVs cannot be controlled using
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the current anti-IBDV vaccine, considering their continuous
occurrence in vaccinated flocks. Therefore, it is necessary to
evaluate the efficacy of current commercial vaccines and

pathogenicity tests.
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