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SUMMARY

Avian infectious bronchitis is one of the most common viral infections causing enormous economic losses in the global poultry industry. Due to the lack of mecha-
nisms to correct errors during genome replication, the virus can quickly mutate and generate new strains. This is facilitated by widespread use of live vaccines,
simultaneous circulation of field viruses belonging to different serotypes in one flock and rapid spread of the virus. Previous studies of avian infectious bronchitis
virus strains and isolates identified in the Russian Federation poultry farms showed that 50% of samples tested positive for the 4-91, D274, H-120, Ma5 vaccine
strains, and the other half of samples tested positive for the field viruses belonging to eight Gl genetic lineages, while the G1-19 (QX) lineage was dominant.
The paper presents identification and genotyping results of the avian infectious bronchitis virus in one of the poultry farms in the Saratov Oblast (the Russian
Federation) in 2018-2019. The samples of internal organs and blood, as well as oropharyngeal and cloacal swabs were taken from chicks and layers of different
ages in the parent and replacement flocks. The vaccine strain, GI-19 field isolates and variant isolates that do not belong to any of the known genetic lineages were
detected. Analysis of test results within a two-year period showed that it is important to study samples taken from birds of different ages. The virus undergoes
modification and adaptation inducing new genetic forms by infecting several poultry generations, due to which the heterogeneity of the virus population is ob-
served not only in the poultry farm as a whole or in a separate department, but also within one organism. The identified isolates showed tropism for the tissues of
intestine, reproductive organs, and, in rare cases, trachea and lungs. The data obtained indicate that, despite the vaccination used, a genetically diverse population
of the infectious bronchitis virus circulates in the poultry farm, while the infection may not manifest itself at an early age, but may affect the flock productivity in
the future due to pathological changes in the reproductive organs of laying chickens.
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PE3IOME

VIHEeKLMOHHbIit GPOHXUT Kyp ABNAETCA 0AHOI U3 Hanbonee pacnpoCTpaHeHHbIX BUPYCHBIX MHOEKLMIA, HAHOCALLMX OFPOMHBIA SKOHOMIUYECKMI YLLep6 NTULeBOA-
(TBY BO BCeM Mupe. 10 npuuIHe 0TCYTCTBUA MeXaHU3MOB KOPPEKLMN BO BPEMS PennkaLmi reHoMa BUPYC MOXeT ObICTPO MyTUPOBATh U reHepupoBaTh HoBble
LUTaMMBbl. ITOMY CIOCOOCTBYET LUMPOKOE MCNONb30BAHMUE XMBbIX BAKLIMH, 0HOBPEMEHHaA LMPKYNALIA NONeBbIX BUPYCOB, OTHOCALLMXCA K Pa3HbIM CepoTUNam
B OHOM CTaje, 1 ObICTpoe pacnpocTpaHeHie Bupyca. [poBedeHHble paHee nCcef0BaHNA BbIABNEHHbIX Ha NTULedabpukax Poccuiickoii Degepaumn wrammos
11 U30N1ATOB BUPY(Ca MHPEKLMOHHOTO 6pOHXITA Kyp Noka3anu, uto 50% nonoxuTenbHbIX Ipo6 0THOCATCA K BaKLMHHBIM WTammam 4-91, D274, H-120, Ma5, BTopas
M0NI0BMHA NONOXUTENbHbIX MPO6 Npe/icTaBNeHa NoNeBbIMY BUPYCaMIA, KOTOPbIE OTHOCATCA K 8 reHeTUUeCKUM IMHUAM reHoTina Gl, npu 3Tom JoMuHUpYloLLelt
anaetca niuHua G1-19 (QX). B nanHoil pabote npecTaBneHbl pe3ynbTathl N0 BbIABAEHIH U TeHOTUNNPOBAHMIO BUPYCA MHDEKLIMOHHOTO BPOHXHTA Kyp Ha 0fHOIA
3 ntuuedabpuk Capatosckoii 06nactin Poccuiickoii Oegepauim B 2018—2019 rr. BHyTpeHHMe 0praHbl, pOTOrNOTOYHbIE U Kl0aKasbHble CMbIBbI, KpOBb 0TOUpany
OT UbINNAT U Kyp-HeCyLUeK pasHblX BO3PACTOB 113 POAUTENbCKOTO CTaZa 1 CTaja PEMOHTHOTO MONOAHAKA. BblABNEHbI: BAKLMHHBII LUTaMM, NONeBble U30AATbI
reHeTuyeckoil MU Gl-19 1 BapuaHTHbIe U30AATbI, He OTHOCALLMECA HIN K OLHOI U3 N3BECTHDIX TeHeTUYEeCKUX MHINIA. AHaNN3 pe3ynbTaToB nCCeso0BaHuil 3a
ABYXNETHUI NePUOZ NOKa3an, 4To BaXHO UCCNe0BaTh NPpobbl, B3ATble OT MTUL, pa3HOro Bo3pacTa. MHGuUMpya HECKOAbKO MOKONEHWIA NTWL, BUPYC U3MeHAeTCA
1 npucnocabniBaetca, NOpoXan HoBble rereTuyeckue Gopmbl, bnarogapa uemy HabnioaaeTca reTeporeHHOCTb BUPYCHOIA NONYNALMY He TONbKO Ha NTuLeda-
BpuiKe B LieNOM Ui B OTAENBHOM LiEXe, HO U B OAHOM OpraHu3me. BbiABneHHble u301ATbl 0651ajanu TPONM3MOM K TKAHAM KILLIEYHIKA, PENPOAYKTUBHbIX OPraHoB
11, B eZIMHWYHBIX CyyasX, Tpaxeu u nerkux. MonyyeHHble JaHHble CBUAETENbCTBYIOT 0 TOM, UT0 Ha NTLedabpuke, HECMOTPA Ha NPUMEHAEMYIO BaKLIMHALIO,
LMPKYNNpYeT reHeTyecki pasHopoAHaA NoMyNALNA BUPYCa MHGEKLIMOHHOTO OPOHXITA, NPY 3TOM MHGEKLIMA MOXKET He NPOABAATLCA B paHHEM BO3pacTe, HO
MOXeT NOBAUATL Ha MPOAYKTUBHOCTb CTajia B AANbHEILLEM 3 CYeT NATON0rYecknX M3MEHeHNiA 0praHoB PenpoAYyKLNN Kyp-HecyLLeK.

KnioueBble cnoBa: BUpyc MH¢€KHMOHHOF0 6p0HXI/ITa Kyp, TeHeTMYeCKII aHanN3, TeHeTYeCkan IMHNA, reTeporeHHoCTb BMpy(H0|7I nonynauun.
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INTRODUCTION

Avian infectious bronchitis (IB) is one of the most im-
portant viral infections causing significant economic los-
ses in the global poultry industry. The causative agent of
the disease is an RNA-containing virus belonging to or-
der Nidovirales, family Coronaviridae, genus Coronavirus,
which can quickly mutate due to the lack of correction
mechanisms during genome replication, i.e. it is able to
generate new viral strains.

IB prevention, along with appropriate biosafety mea-
sures, is based on routine vaccination. However, this ap-
proach is hindered by the high genetic diversity of the
virus, leading to the constant emergence of new variants
against which cross-protection may be absent. The pro-
tection level against a particular variant can be achieved
by using either one vaccine based on a strain of the same
virus genotype (homologous vaccination), or several vac-
cines based on different lineages to expand the scope of
protection (heterologous vaccination) [1, 2]. For this pur-
pose, various vaccines and immunization schedules are im-
plemented. However, there are still difficulties in selecting
attenuated heterologous vaccine virus strains that would
provide effective ways to protect poultry from the disease.
Despite its importance for disease control, the widespread
use of IB vaccines has some significant drawbacks. Live
attenuated vaccine strains can enter non-vaccinated herds,

restore virulence and also participate in natural recombi-
nation. In addition, their application complicates the IB
diagnosis, since many detectable field viruses are closely
related to vaccine strains.

The analysis of IB virus strains and isolates identified
in poultry farms of the Russian Federation showed that
approximately 50% of positive samples belong to vaccine
strains 4-91, D274, H-120, and Ma5. The second half of
the positive samples is represented by the IB field viruses,
which belong to 8 genetic lineages of the Gl genotype:
GI-1 (Mass), GI-12 (D274), GI-13 (793B), GI-14 (B1648),
GI-16 (Q1), GI-19 (QX), GI-22, GI-23 (Variant-2). In addition,
isolates that are natural recombinants and variant virus
isolates that do not belong to any of the known genotypes
were detected in poultry farms of the Russian Federation.
The dominant group is the genetic lineage GI-19 (QX) [3].

The IB clinical manifestations depend on a number of
factors, including virulence and tropism of the virus. The
port of the IB virus entry is the respiratory tract, then it
spreads systemically, affecting epithelial cells in many tis-
sues. The severity of clinical signs depends on the virus
strain and the poultry keeping conditions, such as the mic-
roclimate in the poultry house, dust, stocking density, age
and type of birds, its immune status (vaccination, immune
suppression, presence of maternal antibodies), presence
of concomitant infections that are also important factors.
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The IB mortality is usually very low but it may increase after
secondary bacterial infections [4].

Field isolates of the GI-19 (QX) genetic lineage have tro-
pism for epithelial cells of almost all organ systems, there-
by inducing all possible syndromes of avian infectious
bronchitis. Researchers describe viruses of this genetic
lineage as respiratory, nephropathogenic, affecting re-
productive organs, and there are also data indicating that
some field strains damage the intestinal tract [5, 6]. Most
of the IB virus field isolates were isolated and described
during outbreaks with the acute course of the disease.
However, there are known cases of the detection of the IB
GI-19 genetic lineage virus with asymptomatic infection
or with mild respiratory disorders [7].

The aim of this research was to study biological material
from poultry of various ages kept in different units of one
individual poultry farm for the presence of the IB virus ge-
nome, followed by phylogenetic analysis of the obtained
nucleotide sequences of the ST gene fragment.

MATERIALS AND METHODS

Samples of poultry biological material were tested
using reverse transcription polymerase chain reaction
(RT-PCR) and real-time RT-PCR according to methodical
instructions [8, 9].

Comparative analysis of the S1 gene fragment of ap-
proximately 500 nucleotide bases (position 112-653 n.b. of
S gene of H120 strain) was performed for IB virus genoty-
ping. Nucleotide sequences of prototype strains proposed
by V. Valastro et al. were used for the analysis [10].

The nucleotide sequences were determined according
to Sanger method using fluorescence labeled chain-ter-
minating nucleotides involving ABI Prism 3130 automa-
ted sequencer (Applied Biosystems, USA) according to the
manufacturer’s instructions.

The obtained nucleotide sequences were compared
with IB virus sequences deposited in the international da-
tabase NCBI (http://www.ncbi.nIm.nih.gov) using BioEdit
software, version 7.0.5.3.

IB specific antibodies were detected in blood sera using
the FGBI “ARRIAH" ELISA test kit for determining antibo-
dies to avian infectious bronchitis virus when testing sera
in single dilution in accordance with the instructions. The
test results were recorded using Tecan spectrophotometer

Table 1
Characteristics of poultry received for testing

Tabnuua 1
XapakTepucTika nocrynupLueil Ans uccnefoBaHuA NTULbI

plate reader (Austria) at a wavelength of 405 nm using the
SINKO-IFA software. The test was considered positive if the
antibody titer was 725 or higher.

RESULTS AND DISCUSSION

Live poultry (9 replacement chickens and 12 layers
of the parent stock) from one of the poultry farms in the
Saratov Oblast were received and tested for the presence
of IB virus genetic material in the FGBI“"ARRIAH" (Table 1).

All tests in animals were carried out in accordance with
the requirements of Directive 2010/63/EU of the European
Parliament and of the Council of September 22, 2010 on
the protection of animals used for scientific purposes.

No abnormalities were detected in live chickens at
19-290 days of age, received in December 2018, which
were visually examined and subjected to autopsy. Multiple
cysts of reproductive organs with a watery liquid of more
than 100 ml were observed during autopsy of chickens at
361 days of age, received in October 2019.

Oropharyngeal and cloacal swabs, as well as samples
of tissues of internal organs (trachea, lungs, kidneys, in-
testines, reproductive organs) were collected from each
chicken for PCR testing. At the first stage the tissue sam-
ples of the internal organs, pooled within each group
(i.e. 8 samples) were tested (Table 1). Pooled sample
No. 1 from 19-day-old chicks from Unit 4 was negative
in RT-PCR and real-time RT-PCR, despite the fact that all
chicks were vaccinated with a bivalent vaccine based on
strains H120 and D274 at two days of age and with the vac-
cine based on strain 4-91 at 12-14-days of age according
to the manufacturer’s instructions. The IB virus genome
was detected in other pooled samples (No. 2-8) (Table 2).
Similar results were obtained inblood sera tests using
enzyme-linked immunosorbent assay (ELISA), when IB vi-
rus-specific antibodies were detected in poultry of all
groups except for Group 1 (Table 3).

The 4-91 IBV45-18 vaccine derivative was detected in
sample No. 4 (the nucleotide sequence of the S1 gene
fragment was 99% homologous with the vaccine strain
and differed from it by 4 bp). The data in the scientific li-
terature indicate that the passaging of vaccine virus strains
in live poultry and chicken embryonated eggs sometimes
leads to single nucleotide and amino acid substitutions. It
is interesting to note that one and the same vaccine virus

1 4 19

Replacement chickens
4 (3 birds from each unit) U s
3 1 124
12.2018
4 21 192
5 Laying chickens of the Ross-PM3-cross parental stock 7 228
(2 birds from each unit)
6 15 290
7 i chi M3 1 361
Laying chickens of the Ross-PM3-cross parental stock
10.2019 . .
3 (3 birds from each unit) 18 361
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Table 2
Genotyping results of avian infectious bronchitis virus

Tabnuuya 2
PesynbTaTbl reHOTUNMPOBaHUA BUPYCa UHDEKLMOHHOTO 6POHXMTA Kyp

2 60

GI-19 IBV42-18
1BV42-18
3 124 G-19 T
12.2018 A 19 Gl-13, 4-91.vac.cine strain IBV45-18
derivative
5 228 Variant isolate IBV44-18
6 290 GI-19 IBV43-18
7 361 Variant isolate IBV43-19
10.2019
8 361 GI-19 IBV44-19
strain used for production of different vaccines batches by H‘:‘e{;'{:jd
. T3y
one or more manufacturers mutates differently after pas- [
saging. These differences may indicate different sources of Georgiz 08 G127
the original virus strain obtained for the production of this N1/62GI5
vaccine, as well as the methods and number of the virus 1 BGI-0
passages carried out for its attenuation [11]. B4 GI-15
The following field viruses were detected in the other 1 oo
.. ey . Vic5 Gl-6
remaining positive samples: three isolates of the S1 gene .
fragment of the GI-19 genetic lineage (IBV42-18, IBV43-18, e Gl
IBV44-19) and two variant isolates with a unique primary H Spain/STIIN4 G121
structure (IBV44-18, IBV43-19), not related to any genetic — UFMGIG GI-11
lineage (Table 2, Fig. 1). D2836 BI-12
The phylogenetic analysis showed that IBV44-19 isolate variant2 GI-23
of GI-19 lineage, identified in 2019, formed a separate Big4E B4
branch and differed in amino acid composition from A':ff;;fg
isolates IBV42-18 and IBV43-18 identified in 2018, by 7.5 Cu myGl20
and 10.3% respectively. Whereas the isolates IBV42-18 and UK4-91
IBV43-18 differed only by 2.7% (Fig. 2) and were found in IBV45-13 ]
birds at 60, 124 and 290 days of age, and a mixture of these Moroccan-G/83 G113
two isolates was detected in Group 3 (at 124 days of age). VizGla4
The IBV variant isolates IBV44-18 and 1BV43-19 having i
a unique strqcture and not related to any genetlc.llneage N GA/B4012005 5125
were identified in Samples No. 5 and 7. These isolates ADEDETET Bl22
had 13.7% differences in amino acid composition. Ear- — CANTIUD4 G
lier, in March 2018, the other two similar variant isolates IBV42-18
(IBV08-18 and IBV09-18) were identified in the material IBV43-18 6119 (QX)
from laying hens at the age of 359 and 285 days kept in IBYV44-13
different units on this poultry farm. These isolates differed 53:;:'1}3‘:26"19

composition, which indicates their different origin (Fig. 1, 3). IBV44-15
Variant isolates result from the accumulation of mutations IBV09-18
(point substitutions, deletions, insertions, and recombina- N1/8E GIII-1
tions) that occur due to IB virus replication errors. A variant n TCOT-2 21 GV

from isolates IBV44-18 and IBV43-19 by 10.3% in amino acid 4'1?3%13
variant isolates

isolate may appear non-viable, or it may circulate for along M40z G-
. . . D466 Gl1-1
time on the farm and continue changing. ]
X i DEMTZE2 BIV-1
At the next stage of research process the virus tropism
was determined. For this purpose, oropharyngeal, cloacal T

swabs and samples of tissues of internal organs were ta-
ken from each bird and then individually tested using real- Fig. 1. Phylogenetic relationships based on analysis of the ST gene fragment

time RT-PCR (Table 3). The IB virus isolate of the genetic of IBvirus isolates identified in a poultry farm in Saratov Oblast
lineage GI-19 (QX) IBV42-18 was recovered in the pooled in2018-2019

sample from three 60-day-old chickens using RT-PCRand  Puc. 1. QuiozeHemuyeckue c8A3U Ha OCHOBE AHANU3A (hpazMeHma
sequencing analysis. The samples of intestines and testes  2ena ST uzonamos supyca VIBK, sbiagneHHbix Ha nmuuegabpuke
from two chicks were positive in real-time RT-PCR. Capamoasckoli obnacmu 8 2018-2019 2.
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Fig. 2.Comparison of amino acid sequences of identified GI-19 isolates

Puc. 2. CpagHeHuUe amMUuHOKUC/TOMHbIX NOc/1edo8amesibHOCMel 8blsi8/1eHHbIX U30/19mo8 2ceHemuyeckol auHuu GI-19
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S0 100 110

R I T
IBVO8-18 LPONS IRVSAMRNGOLFYNFTATVAQYPTFRS

IBVOS-18 ...ttt s i D..... K.....
IBV44-18 ............ D..FI....... D..... K.....
IBV43-19 AT RF...... - K.....

120 1350 140

TSVYLNGDLVYTSNETTDVT

Fig. 3. Comparison of amino acid sequences of identified variant isolates

Puc. 3. CpaeHeHue AMUHOKUC/TOMHbIX nociedogamesibHocmel 8bis18/1€HHbIX 8dpPUdHMHbIX U30J1AMOo8

A combination of field viruses IBV42-18 and I1BV43-18
of the IB virus genetic lineage GI-19 (QX) was recovered in
Group 3 with replacement chicks (124 days of age) using
RT-PCR and sequencing analysis. The samples taken from
each organ and the pooled tissue sample from one of the
three chicks tested negative in real-time RT-PCR. The IB
virus genome was detected in the biological material of
trachea and lungs in two other chicks of this group, as
compared with other age groups, where only samples of
intestinal tissues and reproductive organs were positive.
Sequencing of the fragment of the S1 gene of the virus de-
tected in samples obtained from the tissues of the trachea
and intestines of chick No. 8 was carried out. It was found
that the field virus IBV42-18 persisted in the intestine, and
the vaccine strain 4-91 was detected in the trachea of the
same chick.

Vaccine strain 4-91 (IBV45-18), two variant isolates
(IBV44-18, 1BV43-19) and two field virus (IBV43-18, IBV44-19)
of the IB virus genetic lineage GI-19 (QX) were recovered in
samples of tissues of internal organs from poultry of the
parent flock of the ages of 192, 228, 290 and 361 days using
RT-PCR and sequencing methods. The samples of intesti-
nal tissues, reproductive organs, and one cloacal swab were
positive for IB virus in real-time RT-PCR (Table 3).

An analysis of study results obtained at one poultry
farm over a two-year period showed that the detection of
IB virus using molecular methods depended on the type of
sampling, the number of samples, the poultry age, tested
organs etc. While infectious bronchitis causes reproduc-
tive and nephropathogenic syndromes, the clinical ma-
nifestations are often observed later, many months after
infection, and the virus itself may no longer be found in
the tissues of the bird, so it is important to examine sam-
ples from birds of different ages. On the other hand, the
IB virus can persist for a long time in the environment. By

infecting several poultry generations, the virus changes

and adapts, causing new genetic forms, due to which the

heterogeneity of the viral population is observed not only
in the poultry farm as a whole or in a separate unit, but also

in one organism. The virus can be represented via a set of
virions containing both slightly modified but closely rela-
ted genomes and genomes belonging to different genetic
lineages even within one bird, contributing to the rapid

adaptation and survival of the virus in the host organism.
In addition, the diversity of the virus in one poultry farm,
in particular, the appearance of new isolates with a high

percentage of amino acid differences (8-10% and higher),
indicates an external route of the virus introduction.

CONCLUSION

Phylogenetic analysis of the nucleotide sequences
of the avian infectious bronchitis virus isolates reco-
vered in one of the poultry farms in the Saratov Oblast
of the Russian Federation in 2018-2019 was carried out.
The heterogeneity of the viral population was shown in
the layer parent flock and the replacement flock, where,
besides the vaccine strain used, three field viruses of
the GI-19 genetic lineage and two variant isolates not
belonging to any of the known genetic lineages were
identified. The data obtained indicate that, despite the
vaccination implemented, a genetically heterogeneous
IB virus population is circulating in the poultry farm, and
it may not manifest itself at an early age, but may affect
flock productivity due to pathological changes in layer
reproductive organs.

REFERENCES

1. Sjaak de Wit J. J., Cook J. K., van der Heijden H. M. Infectious bron-
chitis virus variants: a review of the history, current situation and control
measures. Avian Pathol. 2011; 40 (3): 223-235. DOI: 10.1080/03079457.20
11.566260.

VETERINARY SCIENCE TODAY, MARCH Ne1 (32) 2020 | BETEPUHAPUA CETO[IHA, MAPT Ne1 (32) 2020



ORIGINAL ARTICLES | AVIAN DISEASES OPUTUHAJIBHBIE CTATBY | BONE3HW NTUL|

Table 3

Test results for tissue samples of internal organs from birds of different ages for presence of avian infectious bronchitis virus

Tabnuua 3

Pe3ynbTaTbl NccneoBaHuil NPo6 TKaHeil BHYTPEHHUX OPraHOB NTHL| Pa3HbIX BO3PacTOB

Ha Hanuuue Bupyca NbK

Poultry number
and age

Antibody
titer

negative negative not tested

Replacement stock

Parent stock

not tested negative negative

not tested

e | me | me e W1 i e

s | e | wowe | wgie | owe | ns s | oie
T | 1 | e | i e | w1 i
"2 | i | e | o | v | e | e | o
"1 | s | oo | e | v | 715 | upe | ose
s | w2 | e | g | oot | w1 | e | ote

Real-time RT-PCR results, Ct

Oviduct/
testes®

Oropharyn-
geal swabs

(loacal
swabs

nottested | nottested | not tested negative negative
negative
negative
negative

negative

negative

negative
negative
negative

negative negative negative negative negative

negative — negative result;
equivocal — equivocal result;
not tested — not subjected to testing.

2. Bande F,, Arshad S. S., Bejo M. H., Moeini H., Omar A. R. Prog-
ress and challenges toward the development of vaccines against
avian infectious bronchitis. J. Immunol. Res. 2015; 2015:424860.
DOI: 10.1155/2015/424860.

3. Scherbakova L. O., Kolosov S. N., Nikonova Z. B., Zinyakov N. G.,
Ovchinnikova Ye. V., Chvala I. A. Genetic characterization of avian infec-
tious bronchitis virus isolates recovered in CIS countries in 2015-2017.
Veterinary Science Today. 2018; 3: 30-39. DOI: 10.29326/2304-196X-2018-
3-26-30-34.

4. Jackwood M. W., de Wit S. Infectious bronchitis. In: Swayne D. E., Glis-
son J. R, McDougald L. R, Nolan L. K., Suarez D. L., Nair V. (eds.). Diseases of
Poultry. 13" ed. Ames: Wiley-Blackwell Publishing, 2013; 139-160.

5.Bande F, Arshad S. S., Omar A. R,, Bejo M. H., Abubakar M. S., Abba Y.
Pathogenesis and diagnostic approaches of avian infectious bronchitis. Adv.
Virol. 2016; 2016:4621659. DOI: 10.1155/2016/4621659.

6. Terregino C., Toffan A., Beato M. S., De Nardi R., Vascellari M., Meini A.,
Ortali G., Mancin M., Capua I. Pathogenicity of a QX strain of infectious
bronchitis virus in specific pathogen free and commercial broiler chi-
ckens, and evaluation of protection induced by a vaccination programme
based on the MA5 and 4/91 serotypes. Avian Pathol. 2008; 37 (5): 487-493.
DOI: 10.1080/03079450802356938.

7. Ovchinnikova Ye. V., Zinyakov N. G., Belyakov S. V., Drygin V. V. QX
genotype avian infectious bronchitis virus. Study of molecular, biological
and pathogenic properties [Virus infekcionnogo bronhita kur genotipa QX.
Izuchenie molekulyarno-biologicheskih i patogennyh svojstv]. IV Interna-
tional Veterinary Congress: Conference proceedings “Current veterinary issues
in poultry industry”. Kazan; 2014. (in Russian)

8.Bochkov Yu. A, Drygin V. V., Borisov A.V., Gusev A. A, Smolenskiy V. I.
Indication of avian infectious bronchitis virus genome using polymerase
chain reaction [Indikaciya genoma virusa infekcionnogo bronhita kur s
pomoshch’yu polimeraznoj cepnoj reakciil. Current issues in veterinary
pathology: Conference proceedings [Sovremennye aspekty veterinarnoj
patologii zhivotnyh] (November 23-25, 1998 ). Vladimir; 1998: 173-183. (in
Russian)

9. Ovchinnikova Ye.V., Scherbakova L. O., Andriyasov A.V., Borisov A. V.,
Mudrak N. S. Guidelines for identification of avian infectious bronchitis
virus genome using real-time polymerase chain reaction [Metodicheskie
ukazaniya po vyyavleniyu genoma virusa infekcionnogo bronhita kur s is-
pol’zovaniem polimeraznoj cepnoj reakcii v rezhime real’'nogo vremenil:
approved by FGBI“ARRIAH" 05.02.2010. Vladimir; 2010; 10 p. (in Russian)

10.Valastro V., Holmes E. C., Britton P, Fusaro A., Jackwood M. W., Catto-
li G, Monne I. S1 gene-based phylogeny of infectious bronchitis virus: An

VETERINARY SCIENCE TODAY, MARCH Ne1 (32) 2020 | BETEPUHAPUA CETO[IHS, MAPT Ne1 (32) 2020



50

ORIGINAL ARTICLES | AVIAN DISEASES OPUTUHANBHDBIE CTATBI | BONE3HU NTUL

attempt to harmonize virus classification. Infect. Genet. Evol. 2016; 39: 349—

364.DOI: 10.1016/j.meegid.2016.02.015.
11.McKinley E.T., Hilt D. A., Jackwood M. W. Avian coronavirus infectious
bronchitis attenuated live vaccines undergo selection of subpopulations

and mutations following vaccination. Vaccine. 2008; 26 (10): 1274-1284.
DOI: 10.1016/j.vaccine.2008.01.006.

Receivedon 17.12.19

Approved for publication on 03.02.20

INFORMATION ABOUT THE AUTHORS / UHOOPMALINA 06 ABTOPAX

Yevgeniya V. Ovchinnikova, Candidate of Science (Biology),
Researcher, Reference Laboratory for Avian Viral Diseases,
FGBI“ARRIAH’, Vladimir, Russia.

Lidia O. Scherbakova, Candidate of Science (Biology), Leading
Researcher, Reference Laboratory for Avian Viral Diseases,
FGBI“ARRIAH", Vladimir, Russia.

Sergey N. Kolosov, Candidate of Science (Biology), Researcher,
Reference Laboratory for Avian Viral Diseases, FGBI “ARRIAH’,
Vladimir, Russia.

Anna N. Andriyasova, Leading Biologist, Reference Laboratory
for Avian Viral Diseases FGBI “ARRIAH’, Vladimir, Russia.

Nikolay G. Zinyakov, Candidate of Science (Biology), Senior
Researcher, Reference Laboratory for Avian Viral Diseases,
FGBI“ARRIAH’, Vladimir, Russia.

Zoya B. Nikonova, Candidate of Science (Biology), Researcher,
Reference Laboratory for Avian Viral Diseases, FGBI “ARRIAH’,
Vladimir, Russia.

Anton A. Kozlov, Candidate of Science (Biology), Junior
Researcher, Reference Laboratory for Avian Viral Diseases,
FGBI“ARRIAH", Vladimir, Russia.

Perizat B. Akshalova, Post-Graduate Student, Researcher,
Reference Laboratory for Avian Viral Diseases, FGBI “ARRIAH’,
Vladimir, Russia.

Dmitry A. Altunin, Leading Biologist, Reference Laboratory for
Avian Viral Diseases, FGBI “ARRIAH", Vladimir, Russia.

Dmitry B. Andreychuk, Candidate of Science (Biology), Head
of Reference Laboratory for Avian Viral Diseases, FGBI “ARRIAH",
Vladimir, Russia.

OBUYMHHNKOBA EBreHnsa BanepbeBHa, KaHgmnpar
6GMONOTMYECKMX HayK, HayuHblii COTPYOHUK pedepeHTHOW
nabopatopun BUPYCHbIX 6GonesHein nTiy OIBY «BHUM3M»,
r. Bnagummp, Poccus.

lllep6akoBa Jlmgna OneroBHa, KaHAWAAT OUONOrMYECKNX
HayK, BeflyL1in Hay4HbIl COTPYAHUK pedepeHTHON nabopatopumn
BUPYCHbIX 6one3Hern ntuy, OIBY «BHUW3M», r. Bnagmmup, Poccua.

Konocos Cepreih Hukonaesuy, KaHanaaT 61Monornyeckmx Hayk,
COTPYAHUK pedepeHTHON nabopaTopun BUPYCHbIX GonesHel
ntuy OIBY «BHUW3X», r. Bnagnmup, Poccus.

AHppusicoBa AHHa HukonaeBHa, Bepywuii  6uonor
pedepeHTHON nabopaTtopunt  BUPYCHbIX OonesHeir  NTUL
OrBY «BHUW3X», r. Bnagumup, Poccus.

3uHakoB Hukonaii NeHHagbeBUY, KaHAWAAT GMONOrMYECKUX
HayK, CTapLUMI HAayYHbI COTPYAHVK pedepeHTHOW nabopaTopumn
BUPYCHbIX 6onesHen nTtuy OFBY «BHUU3XK», r. Bnagumup,
Poccma.

HukoHoBa 305 BopucoBHa, KaHOMAAT GMONOTMYECKMX HayK,
HayuYHbIl COTPYAHUK pedepeHTHON nabopaTopun BUPYCHbBIX
6onesHen ntuy OrbY «BHUMU3XK», r. Bnagumup, Poccus.

Koznos AHTOH AnekcaHppoBuy, KaHAauaaT GUONormyeckux
HayK, MNafLWnii HayYHbli COTPYAHVK pedepeHTHON nabopaTtopun
BUPYCHbIX 6GonesHeir ntuy OBY «BHUW3X», r. Bnagumup,
Poccus.

Axwanoea lMepunzar BarbipxaHKbi3bl, aCMUPaHT, COTPYAHUK
pedepeHTHON nabopatopuy  BUMPYCHbIX GonesHen nTuL,
OrBY «<BHUWN3X», r. Bnagumup, Poccua.

AnTyHuH [Omutpuii AnekcaHppoBuY, Begywmii  6uonor
pedepeHTHON nabopatopuy  BUPYCHbIX GonesHen nTuL,
OrBY «BHUW3XK», r. Bnagumup, Poccus.

Auppenuyk OmuTtpuii BopucoBuy, KaHangaT 6ronornyeckux
HayK, 3aBeflyloWwnin pedpepeHTHOW nabopaTopren BUPYCHbBIX
6onesHen ntuy OrbY «<BHUM3XK», r. Bnagumup, Poccus.

VETERINARY SCIENCE TODAY, MARCH Ne1 (32) 2020 | BETEPUHAPUA CETO[IHA, MAPT Ne1 (32) 2020



