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Introduction

Infectious bursal disease virus (IBDV) causes a highly contagious disease in young chickens
and is distributed worldwide. VP2 is the major viral antigen. The VP2 gene contains hyper-
variable region (VP2 HRV). Mutations in this region lead to emergence of antigenically
different IBDV strains. Vaccination is used for IBDV prevention. The efficacy of vaccination
depends on similarity of field and vaccine strains. Aim. To analyze nucleotide sequences of
different vaccine and field strains of IBDV circulating in Ukrainian poultry farms. Methods.
Eleven vaccine strains and 16 field isolates were used in this study. RNA was extracted us-
ing a magnetic separation method, reverse transcription was carried out and PCR was per-
formed using specific primers to the VP2 gene. The obtained amplicons were sequenced.
Phylogenetic and amino acid analysis was performed usning the MEGA 6 software. Results.
Eleven vaccine strains formed five phylogenetic clusters. Cluster I represented strains GM97,
228E and MB/20. Cluster II contained mild vaccine strains LC-75 and D78. Intermediate
strains Winterfield-2512 and Lukert formed cluster III. ‘Hot’ vaccine strains MB and MB/3
formed cluster IV. Cluster V was represented by strains MB/5 and V877. After addition of
16 Ukrainian field strains, the tree structure remained the same. Eight isolates clustered
together with ‘hot’, five, with intermediate, and three, with mild vaccine strains. Amino acid
analyses confirmed the antigenic similarity among vaccine and field strains of the same
cluster. Conclusion. The obtained data can be used for the vaccine selection for IBD preven-
tion in poultry farms in Ukraine.

Keywords: IBDV, field strains, vaccine strains, vvIBDV, phylogenetic analysis.

IBDV genome is divided into segments A
(3.4 kb) and B (2.8 kb). The large segment A

Infectious bursal disease virus (IBDV) is a encodes 4 viral proteins, the two capsid pro-
member of the Birnaviridae family Avibirna- teins VP2 (48 kDa) and VP3 (32-35 kDa), the
virus genus. It is a non-enveloped virus with  viral protease VP4 (24 kDa), and a nonstruc-
two segments of double stranded RNA. The tural protein VP5 (17-21 kDa), while the
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smaller segment B encodes VP1 (90 kDa), an
RNA-dependent RNA polymerase [1].

Virus replicates in immature IgM+ B-cells
residing in the bursa of Fabricius of young
chickens and causes an immunosuppressive
infectious bursal disease (IBD) [2]. Primary
viral antigen and structural protein is VP2.
VP2 gene contains special hypervariable re-
gion (VP2 HRV). Mutations in this region lead
to emergence of antigenically different IBDV
strains [3]. The most effective way of IBD
prevention is vaccination with the live attenu-
ated vaccines. These vaccines are divided into
three groups: “mild”, “intermediate” and in-
termediate plus or “hot” according to a degree
of their residual virulence [4]. Mild vaccines
are safe for specific pathogen free (SPF) chi-
ckens but are not very effective in the pres-
ence of high levels of maternal antibodies or
against very virulent strains of IBDV.
Intermediate and ‘hot’ vaccines are much
more effective but may induce moderate to
severe lesions in the bursa of Fabricius [5].
Choosing the appropriate vaccine is critical
for controlling IBD because of the antigenic
divergence observed among the serotype 1 vi-
ruses. Point mutations and recombination
events have contributed to the antigenic drift
and antigenic variation among IBDV strains.
In order to choose the most effective vaccine
it is necessary to analyze what kind of field
virus circulates in the farm. Vaccine strain
should be genetically and antigenically close
to the field virus [5, 6].

This study was aimed at comparing VP2
HRYV of different vaccine strains and field
isolates detected in Ukraine to find the most
antigenically close vaccine strains for preven-
tion IBD in each particular farm.

Materials and Methods

In this study 11 vaccine strains (including
3 Ukrainian) and 16 Ukrainian field isolates were
used. IBDV vaccines Polimun IBD light (strain
MB/20, BioTestLab, Ukraine), Polimun IBD
(strain MB/5, BioTestLab, Ukraine), Polimun
IBD+ (strain MB/3, BioTestLab, Ukraine),
AviPro® PRECISE (strain LC-75, Lohmann
Animal Health GmbH, Germany), HIPRA-
GUMBORO® GM97 (strain GM97, Hipra, Spain)
currently used in Ukraine, are not presented in
GeneBank, that is] why they were taken from the
manufactures for the analysis of the vaccine
strains. Also, several sequences of vaccine stra-
ins were taken from GeneBank, such as:
D78 (AJ586963), 228E (AF457204), Lukert
(AY918948), V877 (AJ878882), MB (AY739669),
Winterfield-2512 (DQ355819). Ukrainian strains
were isolated from different regions as described
in previous study [7].

RNA was extracted with the use of mag-
netic separation method following supplier's
recommendations (MagVet™, LSI) from bur-
sa tissues samples and vaccine samples.
Reverse transcription was performed using a
commercial test kit (Reverta-L, Amplisens).
Obtained cDNA was used for nested PCR.
PCR amplification of hypervariable region of
VP2 gene was carried out with specific pri-
mers [7]. The oligonucleotide primers used in
this work designated BurlF (5’-TCACCGTCC
TCAGCTTAC-3’ nucleotide position 587-604)
and BurlR (5’-TCAGGATTTGGGATCAGC-
3’ nucleotide position 1212-1229) designed to
amplify the hypervariable region of VP2 gene
amplicon size — 643 bp. To increase specific-
ity and sensitivity of the reaction the second
set of primers Bur2F (5’-CGCTATAGCGCT
TGACCCAAAAA-3’, nucleotide position
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651 - 673) and Bur2R (5’-CTCACCCCAGCG
ACCGTAACGACG-3’, nucleotide position
1179-1202) designed by Kataria et al/ [8] were
used which allows the amplification of the in-
ner region of the first amplicon obtained after
the first round of the amplification using BurlF
and BurlR primers. The resulting product had
the length of 552 bp. [The] First round of am-
plification was carried out for 1 cycle at 95 °C
for 2 min, 36 cycles at 95°C for 30 s, 52 °C
for 30 s, 72 °C for 30 s, and 1 cycle at 72 °C
for 2 min. Amplicons obtained from the first
reaction were diluted by 20 times and used for
the second reaction. Thermal profile for the
second reaction was similar except the primer
annealing temperature, which was 63 °C. PCR
products were visualized in 1,5 agarosegel.
Amplicons were separated from reaction com-
ponents using the Thermo Scientific GeneJET
Gel Extraction Kit. Purified amplicons were
sequenced using forward primer (Bur2F) by
Institute of Molecular Biology and Genetics
NAS, Ukraine (3130 Genetic Analyzer,

46 vaccine_GMS7
93 | vaccine_228E
28 vaccine_MB/20

61

vaccine_D78
i
38 vaccine_LC-75

vaccine_Winterfield-2512

Applied Biosystems, USA). Sequences were
analyzed using Mega 6 software [9]. Nucleotide
alignment was performed using ClustalW in-
strument. Phylogenetic analysis was performed
using neighbor-joining method [10].

Results and Discussion

426 nucleotide fragments of [the] VP2 gene of
IBDV strains were obtained and used for phy-
logenetic analysis. 11 vaccine strains formed 5
phylogenetic clusters. Cluster I represented
strains GM97, 228E and MB/20. Mean nucleo-
tide identity was 99.7%. Cluster II contained
mild vaccine strains LC-75 and D78 with nu-
cleotide identity 99.3%. Intermediate strains
Winterfield-2512 and Lukert formed cluster I11
(94.5% identity). ‘Hot’ vaccine strains MB and
MB/3 formed cluster IV with 99.5% nucleotide
identity. Cluster V was represented by strains
MB/5 and V877 (98.9% identity) (Fig. 1).

To analyze phylogenetic relationship of
vaccine and field strains we added previously
described very virulent (Ukraine 1517, Ukrai-

Fig.1. Phylogenetic tree of
VP2 hypervariable region
| (HRV) nucleotide sequen-
ces of 11 vaccine strains
commonly used in Ukrai-
l ne. The Neighbor-Joining
consensus tree is shown.
Results of the bootstrap

vaccine_Lukert test (1000 replicates) are

10— vaccine_MB/5

oo

26

[ vaccine_MB/3 shown next to the branch-
100! ine MB v es [11]. The bar represents
yaceine. . 0.01 nucleotide substitu-
[— vaccine_V877 | V tions per site. Vaccine stra-

ins grouped phylogeneti-
cally into mild (II), inter-
mediate (I, I, V) and
“hot” (IV) strains.
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ne 55, Ukraine 691 35 4, Ukraine 691 35 5,
Ukraine 760 45 4, Ukraine 2065, Ukraine 934,
Ukraine 964) and classical virulent (Ukrai-
ne 1853, Ukraine 38 1943, Ukraine 43 1943,
Ukraine 2045, Ukraine 58, Ukraine 691 24,
Ukraine 760 _45 5, Ukraine 1147) strains iso-
lated from different regions of Ukraine to phy-
logenetic tree. It was shown that after addition
of 16 Ukrainian field strains the basic structure
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of consensus tree remained the same and con-
tained the same 5 clusters (Fig. 2). 8 very
virulent field isolates clustered together with
‘hot” and 8 classical virulent — with intermedi-
ate vaccine strains. There also were no field
strains represented in cluster III (Fig. 2).

To determine antigenic difference among
vaccine and field strains, the deduced amino
acid substitutions in the variable VP2 (vVP2)

Ukraine_934

Fig. 2. Phylogenetic tree of
hypervariable region (HRV)
nucleotide sequences of 11
vaccine strains and 16 field
IBDV isolates from Ukrai-
ne. The Neighbor-Joining
consensus tree is shown.
Results of the bootstrap test
(1000 replicates) are shown
next to the branches [11].
The bar represents 0.01 nu-
cleotide substitutions per
site. IBDV strains formed
5 clusters. Classical virulent
IBDV strains are represent-
ed in clusters I, IT and V.

v

Ukraine_B691_35 5
Ukraine_691_35_4

Ukraine_1517

18
2z Ukraine_1853

0.01
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Very virulent IBDV strains
are represented in cluster V.
Cluster III contains only in-
termediate vaccine strains.
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region (206-350 aa) [12] were analyzed (Fig. 3).
For the reference and numbering the strain
52/70 (GeneBank accession no. D00869) was
chosen [13]. The reference vvIBDV strain
UK661 (GeneBank accession no. AJ878898)
and ‘hot’ vaccine strain MB (GeneBank acces-
sion no. AY739669) were taken for comparison
with Ukrainian vvIBDYV isolates. The analyzed
region included 142 amino acid residues, from
position 206 to 347. It was found that none of
the local examined isolates was of vaccine or
attenuated origin due to absence of 253-Histi-
dine and 284-Threonine mutations that are
typically found in attenuated vaccine strains [14,
15]. Figure 3 demonstrated that 8 of the exam-
ined strains (Ukraine 1517, Ukraine 55, Ukraine
691 35 4, Ukraine 691 35 5, Ukraine
760 45 4, Ukraine 2065, Ukraine 934, Ukrai-
ne 964) showed the characteristic of vwvIBDV
amino acid substitutions at residues 222A, 2421
(except Ukraine 760 45 4), 256l, 2941, and
299S (except Ukraine 691 35 5). 8 strains had
the serine-rich heptapeptide SWSASGS which
was found next to the second hydrophilic region
326332 that confirmed the highly virulence
nature among the analyzed strains [14]. In five
strains [Ukraine 1517, Ukraine 55, Ukraine
691 35 4, Ukraine 691 35 5, Ukraine
760 45 4] D to N mutation in 212 aa position
was found, which was not described before. The
influence of this mutation on IBDV virulence
should be analyzed in further studies.

The comparison amino acid sequences of
very virulent isolates and vaccine strain MB
showed that in the discussed critical aa sites
MB strain is similar to the analyzed field iso-
lates. These results indicate that based on phy-
logenetic and the amino acid sequence analy-
ses vaccine strains can be chosen for preven-

tion IBD in farms. The most phylogenetically
and antigenically close to vvIBDYV isolates
were MB and MB/3 strains.

Conclusion

As a result of phylogenetic analysis the vac-
cine strains studied in the research formed
5 genetic clusters. After addition of the field
strains for analysing they clustered to the most
similar vaccine strains. Deduced amino acid
analysis revealed that 8 Ukrainian isolates had
the amino acid sites common for very virulent
strains. These strains were antigenically close
to the ‘hot’ vaccine strains. Therefore, these
data can be used for the vaccine selection for
prevention IBD in each particular poultry farm.
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XapakTepucTHKAa BAKIMHHUX Ta MOJbOBHX
mramiB Bipycy IBX B YkpaiHi 3 meToro
NMPaBUJILHOIO MiA00PY BAKLUUH AJIA NPOPiIaKTUKH
3aXBOPIOBAHHA

A. C. lactups, 1. I. Bynzanisebka, B. I1. ITomimyk

Bipyc iadexmiitnoi Oypcansaoi xBopodu (IBX) BukiiKae
BHCOKOKOHTArl03HE 3aXBOPIOBAHHS KypyaT Ta MOIINPEHHUIH
y BchoMy cBiTi. [0noBHIM aHTHTeHOM € OUIoK VP2. T'en
VP2 MiCTUTP TillepBapiaOebHIIA PErioH, MyTaIlii B IKOMY

30

TIPU3BOZATH JI0 OSIBU HOBHX QHTHI'€HHHX BapiaHTIB Bipycy
IBX. nst nmonepemkeHHs iH(IKyBaHHS BUKOPHCTOBYIOTh
BaKIIMHAIIIIO0, €()EKTHBHICTb SIKOT 3aJICXKUTH BiJl TCHETHIHOT
CIOPITHEHOCTI BaKIIMHHMX Ta TIOJILOBUX IITaMIB BIipYCY.
Mera. npoaHati3yBaTi HyKJICOTH/IHY TTOCITIJOBHICTb Pi3HHX
BaKIIMHHMX Ta MMOJILOBUX IITaMiB Bipycy IbX, mommpenux
B rocriofapcTBax Yikpaian. Meromn. Y nociimKeHH] Oyio
BUKOpHUCTaHO 11 BakIMHHMX Ta 16 MOJIBOBHX IITaMIB Bi-
pycy IBX. PHK Bumijsuii METOIOM MArHiTHOI cOpOIii,
3IICHIOBAJIA PEaKIIiF0 3BOPOTHOI TPAHCKPHIIIIii Ta TIOCTa-
HoBKY [ JTP i3 crietmdivnmmu npaiimepamu 1o reny VP2,
AMIUTIKOHH CEKBEHYBAJIU, HYKJICOTH/IHY T aMiHOKHCIIOTHY
TIOCTIIOBHICTh aHAI3yBaJli 3a JIOIIOMOTOIO IIPOTPAMH
MEGA 6. PesyabraTn. 11 BakumHHMX mTamis (hopMyBain
5 wiacrepiB. Kiacrep I mictuB mrramu GM97, 228F Ta
MB/20. Knactep 11 Oyc copmoBanmii M’ IKUMHU IITAMAMHA
LC-75 ta D78. Cepenni wramu Winterfield-2512 ta Lukert
dhopmysaiu kiactep . «apstai» mramu MB ta MB/3
mictrimmck y kmactepi [V. Kimacrep V mictus mrramu MB/S
ta V877. Ilicns BKIOYCHHS 16 TONMBOBUX 130JIATIB, BUSB-
JICHUX B YKpaiHi, CTPyKTypa JiepeBa He 3MiHIIack. BiciM 3
HUX TPYITYBAJIICS PA30M 3 «TapsauMm», 5 — 3 CepeHIMU
Ta 3 — 3 M’SKAMHU BaKIIMHHUMU ITaMaMd. [lopiBHSIHHS
AMIHOKHMCJIOTHUX TIOCITIZIOBHOCTEH MiATBEPANIIO aHTUTEHHY
CTIOPITHEHICTD IITaMIB, 10 3HAXOIMINCH B OTHOMY KJlac-
Tepi. BucnoBkn. OTprmaHi pe3yasTaTi MOXYTh OyTH BH-
KOPHUCTaHi JUTs Tiaoopy BakiumH s nmpoditakriku 16X B
KO)KHOMY OKPEMOMY TOCIOIapCTBI YKpaiHu.

KawuoBi caosa: Bipyc IBX, mompoBi mramu, Bak-
[UHHI IITAMH, BUCOKOBIPYJICHTHI IITaMH, (DLITOreHeTHIHUI
aHaIi3.

XapakTepUCTHKA BAKIMHHBIX U MOJIEBBIX
mrammoB Bupyca UBb B Ykpaune ¢ neinbio
NPaBUJILHOTO NMOA0OPAa BAKIUH JJIsI
NpoPpuIaKTUKH 00JIe3HU

A. C. Ilacteips, U. I. bynzanusckas, B. I1. ITonumryk

Bupyc nadpeknuonHoit 0ypcansHoit 6omesnn (11BB) BbI-
3bIBAET BHICOKOKOHTAarno3HOE 3a00JIeBaHUE BIUIIT U
pacnpocTpaHeH BO BCeM MHpe. [ 1TaBHBIM aHTUT€HOM BU-
pyca sBisiercst 6emok VP2. I'er VP2 comepXuT rumepna-
pualenbHBIil pEruoH, MyTalluk B KOTOPOM MPHBOISIT K
TMOSIBJICHUIO HOBBIX AaHTUTEHHBIX BapuaHTOB Bupyca Mbb.
Jnst ipenynpexxaeHust HHPUIMPOBAHNS UCIIONB3YIOT BaK-
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LIUHALMIO, S3Q(PEKTHBHOCTH KOTOPOIl 3aBUCUT OT TCHETH-
YECKOTO POZICTBA BAKIIMHHBIX U MOJIEBBIX IIITAMMOB BHPY-
ca. llesb. mpoaHanu3upoBaTh HYKJICOTUIHYIO TOCIENO-
BaTeJIbHOCTD PA3JIMUHbIX BAKIIUHHBIX U NTOJIEBBIX IITAMMOB
Bupyca VBB, pacnpocTpaHeHHBIX B X035 CTBAX YKpauHBL
MeTtoabl. B uccinenoBanuu 6bUH UCTIONB30BaHb! 11 Bak-
IMHHBIX U 16 moneBsIx mrammoB Bupyca Mbb. PHK
BBIJICJISUTA METOIOM MarHUTHOM COPOITMH, OCYTIIIECTBISITH
peaxiro 0O6paTHON TPAHCKPHUIIIMHU U TocTaHoBKY [1L[P
CO CTIeI(PHYECKUMHI TIpaiiMepaMul K TeHy VP2. AMium-
KOHBI CEKBEHHPOBAIH, HYKJICOTHUIHYIO ¥ aMHHOKHCIIOT-
HYIO TIOCJIEA0BATEIBHOCTh AHAIN3UPOBAIN C ITOMOIIBIO
nporpamMmmsl MEGA 6. Pe3yibrarsl. 11 BaKIMHHBIX IITaM-
MOB (opmupoBanu 5 kiactepoB. Kiacrep I comeprkan
mrammbel GM97, 228E w MB/20. Kiactep 11 611 chop-
MupoBaH Markumu mrammamu LC-75 u D78. Cpennue
urrammel Winterfield-2512 w Lukert hopMupoBaiu Kiactep

III. «Topstane» mrammsl MB n MB/3 conepkanuch B
kiacrepe [V. Kinacrep V coneprkan mrrammst MB/S n V877.
ITocne BritoueHust 16 MoONEBBIX U30JISITOB, BBISIBICHHBIX
B YKpauHe, CTpyKTypa AepeBa He u3MeHuacsk. Bocems u3
HUX IPYNIUPOBATIICH BMECTE C «TOPIUUMU», 5 — CPEAHU-
MU U 3 — MSTKUMH BaKIIMHHBIMU IITaMMaMu. CpaBHEHHE
aMUHOKHCIIOTHBIX IOCIIEIOBATEILHOCTEH MOATBEPAMIIO
AQHTUTCHHOE POJICTBO IITAMMOB, HaXOJSIIUXCS B OJHOM
Kkiacrepe. BeiBoabl. IlomydeHHble pe3ynsTaTel MOTYT
OBITh KCIIOJIL30BAHBI /151 TIO00pa BaKIMH 1S IpodrIaK-
TuKKM UBX B Ka)KJ10M OTIEIbHOM XO35IICTBE YKpauHBbI.

Knwuesbie ciuaosa: Bupyc UBX, nonessie mrammsl,
BAKI[MHHBIE IITAMMBI BBICOKOBUPYJIEHTHBIE IITAMMBI,
(bUIIOTeHETHUECKIH aHaIIN3.
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