ORIGINAL ARTICLES | AVIAN DISEASES OPUTUHAJIbHBIE CTATbI | BOME3HI NTUL

DOI: 10.29326/2304-196X-2021-10-4-301-307 (:
Genetic analysis of nucleotide sequences

of neuraminidase gene of highly pathogenic avian
influenza A/H5N8 virus isolates recovered
in the Russian Federation in 2020

P. B. Akshalova’, N. G. Zinyakov?, A. V. Andriyasov®, P. D. Zhestkov*, Z. B. Nikonova®, S. N. Kolosov?, I. A. Chvala’
'LLP “Kazakh Scientific-Research Veterinary Institute’, Almaty, Kazakhstan

7 FGBI “Federal Centre for Animal Health” (FGBI “ARRIAH"), Vladimir, Russia

! https://orcid.org/0000-0003-1520- 1887, e-mail: peri.akshalova@gmail.com

2 https://orcid.org/0000-0002-3015-5594, e-mail: zinyakov@arriah.ru

3 https://orcid.org/0000-0001-6314-2119, e-mail: andriyasov_av@arriah.ru

* https://orcid.org/0000-0007-8204-280X, e-mail: zhestkov@arriah.ru

> https://orcid.org/0000-0003-0090-9399, e-mail: nikonova@arriah.ru

§ https://orcid.org/0000-0002-8467-180X, e-mail: kolosov@arriah.ru

 https://orcid.org/0000-0002-1659-3256, e-mail: chvala@arriah.ru

SUMMARY

Avian influenza is a highly dangerous viral disease that causes huge economic damage to poultry farming. Currently, highly virulent influenza virus with N8 neur-
aminidase subtype is quite often detected in populations of domesticand wild birds in various countries of the world. The article provides data on complete nucleotide
sequences of the neuraminidase gene of highly pathogenic avian influenza virus isolates recovered in the second half of 2020 from pathological material received
from four regions of the Russian Federation. The conducted research showed that the subtype of the isolated virus was N8. According to the phylogenetic analysis,
isolates of N8 virus belong to group 8C.4. During the phylogenetic analysis of the neuraminidase, we also took into account data on hemagglutinin classification,
according to which H5N8 virus isolates belong to a widespread clade 2.3.4.4. Viruses of the clade were first registered in 2010in China and they have been circulating
up to now. The paper also provides data of a comparative analysis of nucleotide sequences of the studied isolates and the isolates from the international GenBank
and GISAID databases, recovered in other countries from 2007 to 2020. During the analysis of the amino acid sequence of the studied isolates, no substitutions were
found in the positions that affect resistance to neuraminidase inhibitors. The complete nucleotide sequences of the neuraminidase gene of the avian influenza virus
subtype N8 (isolates A/domestic goose/OMSK/1521-1/2020, A/duck/Chelyabinsk/1207-1/2020, A/duck/Saratov/1578-2/2020, A/goose/Tatarstan/1730-2/2020)
are published in the international GenBank and GISAID databases. Based on the analysis of the nucleotide sequences of the studied isolates, the article shows
gradual evolution of the N8 subtype virus.
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PE3IOME

[punn nTuy ABnAeTcA 0c060 onacHoit 60ne3HbI0 BUPYCHOI STMONOTMI, HAHOCALLE OTPOMHBIN KOHOMUYECKII yLepb NTULEeBOACTBY. B HacToALee BpemaA
B NONYNALMAX SOMALUHIX U SUKUX NTUL B Pa3NYHbIX CTPAHaX MUPa AOCTaTOYHO YacTo BbIABAAIOT BbICOKOBUPYNEHTHbIA BUPYC rpUnNa ¢ HelipamnHuAasoi
noatuna N8. B ctaTbe npeacTaBneHbl faHHbIe N0 U3yYeHIto NOHbIX HYKNEOTUAHBIX NOCNeA0BaTENbHOCTEN reHa HelipaMiHIAa3bl M30AATOB BUPY(CA BbICOKO-
NaToreHHOro rpunna NTuL, BbiAeNeHHbIX BO BTOPOil nonoBuHe 2020 r. u3 NaTonoruyeckoro Matepuana, NocTynuBLIero U3 YeTbipex pernoHoB Poccuiickoit
Oepnepauny. B pe3ynbrate npoBeeHHbIX UCCNeL0BaHNIT onpeseneH NoATUN BbiaeneHHoro Bupyca — N8. CornacHo AaHHbIM QUNOreHeTUUECKOro aHann3a,
u3onatbl Bupyca N8 otHocaTca K rpynne 8C.4. Mpu npoBeseHNI GUIoreHeTHYECKOro aHanN3a no HeiipaMuHIAa3e Takxe yuuTbiBanu faHHble Knaccudukavum
10 remMarrfioTUHIHY, COrNAcHO KOTOPON U30aATbI BUpyca H5N8 0THOCATCA K WnpoKo pacnpocTpaHeHHoi Knaje 2.3.4.4. Bupycbl fanHoii Knadbl Bnepsble 3a-
pervctpupoBatbl B 2010 r. B Kutae v npogomkaloT LMpKynMpoBaTh 40 HacToALlero BpemeHu. Takxe B paboTe npuBefeHbl faHHble (PaBHUTEbHOMO aHann3a
HYKNeoTUAHbIX NOCNeA0BaTeNbHOCTEI UCCNeAyeMblX U30NATOB 1 U30NATOB 13 MeXAyHApoAHbIX 633 AaHHbIX GenBank n GISAID, BbiaeneHHbIX B ApYrx CTpaHax
B nepuog ¢ 2007 no 2020 1. B xoze npoBeaeHNA aHanu3a aMUHOKICNOTHON NOCe0BaTeNbHOCTI UCCNeAyeMblX M30AATOB B NO3ULMAX, KOTOPbIE BANAIT Ha pe3it-
CTEHTHOCTb K HTOUTOPaM HeilpaMiHIAa3, 3aMeH He 06HapyeHo. [oHble HYKNeOTUAHbIE NOCNeL0BATENbHOCTI FeHa HeiipaMUHInAa3bl BUpYCa rpunna nTuy
noaTvna N8 u3onato A/domestic goose/Omsk/1521-1/2020, A/duck/Chelyabinsk/1207-1/2020, A/duck/Saratov/1578-2/2020, A/goose/Tatarstan/1730-2/2020
ony6nnKkoBaHbl B MexzyHapoAHbix 6a3ax GenBank u GISAID. Ha ocHoBaHUM aHanu3a HyKneoTMAHbIX NOCNeL0BATENbHOCTE M3YYeHHDIX U301ATOB NOKa3aHa
nocTeneHHas yBontoLna Bupyca noatuna N8.

Kntouebie cnosa: Bupyc rpunna nruu, OT-MLP, cekBeHnpoBakue, noatun Helipaminkuaasbl N8, punoreneTnueckuit aHanus, HSN8
bnaropapHocTu: Pabota BbinonHeHa 3a cuet cpeacts OIBY «BHUN3X» B pamkax TemaTuku HayuHo-uccneaoBaTenbekux pabot «BetepuHapHoe 6narononyune».

[ina yntupoeanua: Akwanosa 1. b., 3unakos H. I, Angpusacos A. B., Mectkos 1. [1., Hukorosa 3. b., Konocos C. H., YBana W. A. leHeTuueckuit aHanu3 Hykne-
OTUAHbIX MOCZ0BATENbHOCTEN FeHa HeiipaMIHIAa3bl U30ATOB BUPYCa BbicOKoMaToreHHoro rpunna ntuy A/HSN8, BbizeneHHbIx Ha Tepputopun Poccuiickoii
Oepnepauun B 2020 rogy. BemepuHapus ce200u. 2021; 10 (4): 301-307. DOI: 10.29326/2304-196X-2021-10-4-301-307.
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INTRODUCTION wild birds in the State of New Jersey (the USA) during

For many years, an unfavorable situation with highly
pathogenic avian influenza (HPAI) has been observed
around the world. Since 1996 highly virulent avian influ-
enza virus subtype H5N1, isolated from domestic geese
on one of the farms in Guangdong Province (China), has
become epizootic [1]. Due to the disease introduction into
the Russian Federation in 2005 resulting in significant dam-
age to the national poultry industry, modern diagnostic
methods were developed [2], primarily to detect A/H5N1
virus. From 2016 to 2020, outbreaks of HPAI caused by the
H5N8 subtype were regularly recorded in Russia and in
many countries of Asia, Africa and Europe.

One of the first HPAI H5N8 cases was reported
in 1983, when the virus was detected in turkeys in Ire-
land [3, 4]. In 2001, the next H5N8 case was detected in

environmental monitoring, and since then several spo-
radic cases of HPAI have been reported in the country.
After three HPAI isolates were detected in Korea in 2014:
A/breeder duck/Korea/Gochang1/2014 (H5N8), A/duck/
Korea/Buan2/2014 (H5N8) and A/Baikal Teal/Korea/Don-
glim3/2014 (H5N8), H5N8 subtype has spread widely
across the USA, and then throughout other Asian and
European countries [5-8]. The pathogenicity index of this
virus is significantly higher than that of the virus isolated
in Ireland [5]. According to Y. J. Lee et al., highly virulent
avian influenza viruses of HSN8 subtype detected in Korea
in 2014 occurred as a result of reassortment of the A/duck/
Jiangsu/k1203/2010 (H5N8) virus with viruses of other
subtypes that circulated in China from 2009 to 2012 [9].
The exact origin of the virus discovered in 2010 in China
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remains unknown. K. Zhao et al. note in their studies that
this strain was very likely a new reassortant of three sub-
types: H5N1 (high identity in the PB1, PA, M, NS genes),
H3N8 (in NA gene), H6N2 (NP gene) [10].

In late 2016, HPAI epidemic situation in the Russian Fe-
deration deteriorated. Thus, from November to December
2016, HPAI H5N8 outbreaks in domestic birds were recor-
ded in the Astrakhan and Rostov Oblasts, in the Krasno-
dar Krai and the Republic of Kalmykia. In 2017, more than
30 cases of highly virulent avian influenza virus subtype
H5N8 were detected in poultry herds in 8 regions: the Ros-
tov, Moscow, Nizhny Novgorod and Samara Oblasts, the
Republics of Tatarstan, Mari El, as well as in the Udmurt
and Chechen Republics. Influenza cases were detected in
wild migrating birds in the Krasnodar Krai and in the Ka-
liningrad Oblast, and in zoo birds in the Voronezh Oblast.
The disease outbreaks resulted in huge economic losses
on commercial farms of the Astrakhan, Rostov, Moscow
Oblasts, and in the Republic of Tatarstan [11].

In 2018, HPAI H5N8 was found in domestic birds from
the Kursk, Orel, Voronezh, Smolensk, Saratov, Samara,
Ulyanovsk, Penza, Nizhny Novgorod, Rostov Oblasts, the
Republics of Udmurtia, Mari El, Chuvashia and Tatarstan
(more than 80 cases) [12].

Thus, H5N8 influenza viruses, closely related to the iso-
lates originally recovered in South Korea in early 2014, have
globally spread. According to the information published
by the OIE on November 12, 2020, 265 outbreaks of highly
pathogenic avian influenza of H5N8 subtype (111 in do-
mestic, 154 in wild birds) were registered in Europe, Asia
and Africa [13], including outbreaks in 12 regions of the
Russian Federation: Kostroma, Kurgan, Omsk, Rostov,
Samara, Saratov, Tomsk, Tyumen, Chelyabinsk Oblasts,
Khanty-Mansi Autonomous Okrug - Yugra, the Republic
of Tatarstan, the Karachay-Cherkess Republic.

The purpose of this work was to genetically analyze
nucleotide sequences of N8 neuraminidase gene in HPAI
virus isolates, recovered in the Russian Federation in 2020,
in order to get up-to-date information on the genetic re-
latedness of HPAI isolates.

MATERIALS AND METHODS

Viruses. The following isolates of the avian influenza vi-
rus subtype H5N8 were used in the work:

- A/duck/Chelyabinsk/1207-1/2020 - it was isolated
from a domestic duck in the village of Peschanoe, the
Uvelsky Raion of the Chelyabinsk Oblast in late July 2020;

- A/domestic goose/Omsk/1521-1/2020 - it was isola-
ted from a domestic goose in the village of Irtyshsky, the
Omsk Raion, the Omsk Oblast in September 2020;

- A/duck/Saratov/1578-2/2020 - it was isolated from a
domestic duck in the Engels Raion of the Saratov Oblast
in September 2020;

- A/goose/Tatarstan/1730-2/2020 - it was isolated from
a domestic goose in the village of Meshcheryakovo, the
Buinsky Raion of the Republic of Tatarstan in October 2020.

The virus was isolated in 10-11-day-old SPF chicken
embryo eggs.

Primers. Several primer systems were used in the work,
designed to detect RNA of HPAI subtype N8 and to de-
termine complete nucleotide sequence of the neuramini-
dase (NA) gene of HPAI subtype N8 isolates (ZAO “Syntol’,
Russia).

Extraction of RNA. Viral RNA was extracted from the al-
lantoic fluid of SPF chicken embryo eggs infected with the
corresponding isolates, using the AmpliPrime RIBO-sorb kit
(NextBio LLC, Russia) in accordance with the instructions
for use.

Reverse transcription polymerase chain reaction (RT-PCR).
Reverse transcription followed by amplification of NA gene
fragments to determine the complete nucleotide se-
quence of HPAI isolates of N8 subtype was performed
in BioRad programmable amplifiers (Bio-Rad Laborato-
ries, USA). Synthesis of the first chain of complementary
DNA on viral RNA was carried out using RNA-dependent
DNA polymerase from avian myeloblastosis virus (AMV Re-
verse Transcriptase). The reaction was performed in 25 pl
of reaction mixture containing 1 pl of 10 mM dNTP, 5 pl of
5% buffer, 3 pl of 25 mM MgCl,, 1 ul of 10 uM forward and
reverse primer, 0.125 pl of reverse transcriptase (Promega,
USA), and 0.25 pl of Taq polymerase, 8.625 ul of RNase-free
water and 5 pl of total RNA. To prevent evaporation of the
mixture, 15 pl of Mineral Oil Light White (MP Biomedicals,
France) was layered on top. The reaction mixture was in-
cubated in an amplifier at 50 °C for 25 minutes to develop
the first cDNA chain. Then they were heated at 95 °C for
10 minutes. The next 39 cycles of conventional PCR were
carried out at the following temperature conditions: dena-
turation at 95 °C - for 50 seconds, annealing of primers at
55 °C - for 50 seconds, elongation at 72 °C - for 1T minute.

The amplification products were analyzed by electro-
phoresisin 1% agarose gel stained with ethidium bromide.

Purification of PCR products. cDNA fragments amplified in
PCR were purified using the Wizard® SV Gel and PCR Clean-
Up System kit (Promega, USA) in accordance with the man-
ufacturer’s instructions.

DNA sequencing. The primary nucleotide sequence of
AIV NA gene fragments was determined in an automatic
sequencer ABI Prism 3100 Genetic Analyzer (Applied Bio-
systems, USA) using the BigDye™ Terminator Cycle Se-
quencing kit (Applied Biosystems, USA) according to the
manufacturer’s instructions.

Phylogenetic analysis of nucleotide sequences was per-
formed using the BioEdit Software, Version 7.0.5.3 (http://
www.mbio.ncsu.edu/BioEdit/bioedit.html). To compare
the complete sequences of NA gene of the recovered iso-
lates we used NA gene sequences of the AIV/N8 strains
from the international GenBank (http://www.ncbi.nlm.nih.
gov/genomes/FLU/FLU.html) and GISAID databases.

The phylogenetic tree was constructed using the NJ al-
gorithm (including the resampling method “bootstrap”) in
the implementation of the MEGA package, Version 7.0.26.

RESULTS AND DISCUSSION

One of the main objectives of this research was to ob-
tain up-to-date information about the genetic relatedness
of AlV isolates recovered in 2020 in the Russian Federation,
as well as their comparison with other AlVs of subtype N8.

At the first stage of the research, we determined nu-
cleotide sequences of the neuraminidase gene of the four
influenza virus isolates and compared them with the se-
quences of AlV N8 subtype from Eurasia and Africa stored
in the international databases.

As a rule, the genetic characterization of avian influ-
enza viruses is based on the hemagglutinin classification,
which was implemented by the WHO/OIE/FAO working
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group and is widely used by the research community.
Judging by the available publications, there is no officially
regulated classification by neuraminidase. The only pub-
lication detailing the classification of neuraminidase sub-
types was prepared in 2012 by American scientists from
the University of Nebraska [14]. However, since then there
have been significant genetic changes in avian influenza
viruses, a large mass of new data has been obtained, which
raises the question of adding new information to the pro-
posed classification system [15-17]. The introduction of
an official virus classification system is not an easy task
and it requires a thorough analysis of all the nucleotide
sequences of isolate genes available in the database,
alignment, construction of phylogenetic trees and, based
on them, designation of clades and subclades. An even
more difficult question is whether the new system of vi-
rus nomenclature will be adopted and used by scientists
studying the influenza virus.

According to J. Xu et al., neuraminidase of subtype N8
is divided into three lines, each line has a letter designa-
tion: 8A, 8B, 8C [14]. Line 8A is “North American’, line 8B
is represented by viruses isolated from horses, and the
“Eurasian”line belongs to 8C. However, it is clear now that
the “line division” approach is not enough to describe the
viruses identified over the past few years. For example,
this classification does not include viruses of the H5N8
subtype, which were first isolated in China in 2010 and
subsequently became widespread in Southeast Asia, and
then in Russia, Europe and North America. Therefore, when
conducting a phylogenetic analysis of the Russian isolates
recovered in 2020 we took into account classification data
for both neuraminidase and hemagglutinin described in
publications.

For comparative and phylogenetic analyses of nucleo-
tide sequences of NA gene of AIV N8 isolates obtained
in this study, we used sequences of known strains of this
subtype belonging to different genetic groups from Gen-
Bank and GISAID databases. 92 nucleotide sequences of
the neuraminidase gene of 1,370 nucleotide bases in size
were considered in the work.

A dendrogram was constructed based on the complete
sequences of the NA gene of AIV N8 (Fig.), including vi-
ruses isolated in the Russian Federation, China, Thailand,
Vietnam, Korea, England and other countries from 2007
to 2020. The statistical reliability of the topology of phylo-
genetic trees was checked using bootstrap analysis; calcu-
lations were performed for 500 repetitions.

The Russian isolates of AIV H5N8 presented in the
work are highlighted in red font in the figure. The phylo-
genetic tree constructed on the basis on the nucleotide
sequences of NA gene demonstrated four different groups.
Based on the classification of neuraminidase developed by
J. Xu et al,, it can be concluded that all the isolates used in
the study belong to the“Eurasian”line 8C, which over time
has divided into several separate groups. The identification
of groups and subgroups clearly indicated on the tree was
performed independently using as an example classifica-
tion of neuraminidase of other subtypes, also developed
by J. Xu et al.[14]. As a result, each group was given a num-
ber. According to number Group One was named 8C.1,
Group Two — 8C.2, Group Three and Four - 8C.3 and 8C.4
respectively. Groups 8C.1,8C.2, and 8C.3 included isolates
of low pathogenic avian influenza virus.

Group 8C.4 mainly included isolates of highly pathoge-
nicavianinfluenzavirus, i.e. A/domestic goose/Omsk/1521-
1/2020, A/duck/Saratov/1578-2/2020, A/duck/Chelya-
binsk/1207-1/2020, A/goose/Tatarstan/1730-2/2020.

According to the classification by hemagglutinin, the
isolate Group 8C.4 is comparable to Subclade 2.3.4.4.b of
Clade 2.3.4.4.

The analysis of avian influenza virus isolates of HSN8
subtype recovered in 2020 demonstrates significantly
greater heterogeneity, as compared to the group of isolates
detected in 2016-2017. Thus, isolates of A/mute swan/
Kazakhstan/1-267-20-B/2020, A/barnacle goose/Germa-
ny-SH/AI02167/2020, A/chicken/England/030720/2020,
A/chicken/Netherlands/20016597-026030/2020,
A/domestic goose/Omsk/1521-1/2020, A/duck/Sara-
tov/1578-2/2020, A/duck/Chelyabinsk/1207-1/2020 form
avery homogeneous group of isolates which, presumably,
spread due to the migration of wild birds. The difference
between these isolates is 0.1-0.6%. However, it is worth
noting that isolates A/domestic duck/Poland/285/2020
and A/Mandarin duck/Korea/H242/2020 recovered in Po-
land and South Korea show significantly greater differen-
ces (4.1-4.9%). In addition, detection of isolate A/goose/
Tatarstan/1730-2/2020 is of great interest, as it demon-
strates a high similarity with avian influenza virus isolates
of the same H5N8 subtype isolated in 2017 and differs
from most isolates of 2020. The level of differences of
A/goose/Tatarstan/1730-2/2020 isolate from other isolates
identified in 2020 was 3.3%, and its genetic similarity with
A/swan/Voronezh/2/2017 isolate was 0.6%.

A comparative analysis of AV H5N8 isolates demon-
strated that the maximum level of differences in the nu-
cleotide sequence of the NA gene in Group 8C.4 was 9%.

The amino acid sequence of the studied isolates was
also analyzed. As indicated in the literature, there are
several amino acids, substitutions of which may affect
the AV resistance to drugs inhibiting neuraminidase ac-
tivity (zanamivir, oseltamivir): E119Q (number 117 based
on N8), R292K (291 based on N8), V116D (114 based
on N8), or potential sensitivity to oseltamivir and perami-
vir: H274Y (273 based on N8) [18-20]. There were no sub-
stitutions in the predicted amino acid sequence for the
above-mentioned positions. Amino acid residues directly
involved in the catalytic activity of an enzyme remained
unchanged: R118 (116 based on N8), D151 (149 based
on N8), R152 (150 based on N8), R292 (291 based on N8).

Comparative and phylogenetic analyses of AIV/N8 iso-
lates indicate the ongoing evolution of the highly patho-
genic avian influenza virus of H5N8 subtype in various
geographical regions.

The obtained nucleotide sequences of neuraminidase
gene of the following AIV N8 isolates A/domestic goose/
Omsk/1521-1/2020, A/duck/Chelyabinsk/1207-1/2020,
A/duck/Saratov/1578-2/2020, A/goose/Tatarstan/1730-2/
2020 were published in international databases Gen-
Bank and GISAID (MW276113, EPI1812535, EPI1811679,
EPI1815193).

CONCLUSION

The research undertaken helped to determine nu-
cleotide sequences of the NA gene of AIV A/H5N8 iso-
lates: A/domestic goose/Omsk/1521-1/2020, A/duck/
Chelyabinsk/1207-1/2020, A/duck/Saratov/1578-2/2020,
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_LEPI‘I 800225 A/domestic duck/Poland/285/2020 (HSNE)
EPI1812361 A/Mandann duck/Korea/H242/2020 (H5NE)
EPI1811586 A/mute swan/Kazakhstan/1-267-20-B/2020 (H5N8)
MW276113 A/ldomestic goose/Omsk/1521-1/2020 (H5NB)
EPI1811574 A/barnacle goose/Germany-SH/AI02167/2020 (H5N8)
EP11811702 Alchicken/England/030720/2020 (H5N8)
PI1811679 Alduck/Saratov/1578-2/2020 (H5N8)
45 EPI1812535 Alduck/Chelyabinsk/1207-1/2020 (H5N8)
EPI1807233 A/chicken/Netherands/20016597-026030/2020 (H5N8)
[E mro077375.1 ArDuckiCairor1795CA/2017 (H5NB)
MH989531.1 A/Ruddy Shelduck/AN/2-14-12/2016 (H5N8)
— A/Penzal/1185/18 (HSN8)
= MN025433.1 Ajtufted duck/Denmark/11740/2016 (H5NB)
LNlurkenyngldeSZ‘l 31116 (H5NB)
MH107201.1 A/Guinea fowl/Belgium/6102/2017 (H5N8)
AlKalmykia/813/16 (HSNB)
+ Alswan/Voronezh/2/17 (HSN8)
% [MF926455.‘I Adchicken/Moscow/94/2017 (HSNEB)
;2 EP11815193 A/goose/Tatarstan/1730-2/2020 (H5N8)
MT272364 Alchicken/Bulgaria/217 20VIR1724-1/2020 (H5N8)
MK859906.1 Afreverse genetic/France/RG1/2016 (H5NE)
MK494925.1 Algoose/Spain/IA1TCRO2699/2017 (HENS)
MH498581.1 A/northern shoveler/Egypt/813C/2016 (H5NE)
KY621536.1 Alchicken/Czech Republic/206-17 2/2017 (H5NB)
KY576086.1 A/lcormmon teal/Korea/W547/2016 (H5N8)
MH165526.1 Alchicken/South Africa/Villiers/2017 (H5N8) 8C4
MF973227 1 Alchicken/Zimbabwe/Al4935/2017 (H5N8)
MF040674.1 AfAnser cygnoides/Hubei/FW44/2016 (HSNE)
MKE31791 AlMuscovy duck/Democratic Republic of the Congo/KAF1/2017 (H5N8)
KY¥393306 Alwhooper swan/Shanxi/RC01/2016 (H5N8)
EPI774312 A/Bar-headed Goose/Qinghai/BTY12-LU/2016 (H5N8)
EP1823750 A/wild duck/Tyva/35/2016 (H5N8)
EP1836608 Algrey heron /Uvs-Nuur Lake/20/2016 (HSN8)
MN252532 Alchicken/South Africa/499723/2018 (H5NS)
= KU042825 Alduck/Zhejiang/925019/2014 (H5NE)
_rmﬁ = KJ476659 A/mallard/Shanghai/SH-9/2013 (H5N8)
—~ KP732676 A/duck/Eastern China/S1210/2013 (H5N8)
= KJ413836.1 A/breeder duck/Korea/Gochang1/2014 (H5N8)
49] | KJ476674.1 Alduck/Zhejiang/6D18/2013 (H5N8)
::I I— KT221084.1 Algoose/Yangzhou/0420/2014 (H5N8)
KJ413844.1 Albroiler duck/Korea/Buan2/2014 (H5NB)
LC026479 Aftundra swan/Tottori/C6nk/2014 (H5NB)
KJ413852.1 A/baikal teal/Korea/Donglim3/2014 (H5NE)
LC027959 A/mandarin duck/Gifu/2112D001/2014 (H5NB)
EPI553350 Alwigeon/Sakhal/1/2014 (H5N8)
KM504103 Afduck/Shandong/Q1/2013 (HSNB)
KT383480 Algoose/Guangdong/s13124/2013 (H5N8)
62 JQA73696.1 Alduck/Jiangsu/k1203/2010 (HSNB)
KU161077 Algoose/Hunan/S2466/2011 (HANS)
56 [ _EBB??O? Alcommon shelduck/Mongolia/2185/2011 (H3NE)
1[:]2 ABT78270 A/duck/Vietnam/OIE-2577/2011 (H3N8)

oo [ KF259685.1 Awild duckiJiangxil19615/2009 (HTNB)
AMallard/Krasnoyarsk/436/11 (H3N8)
JX307136.1 Alduck/Thailand/CU-7518C/2010 (H3N8)
7 L UN029598.1 Aswhooper swan/Mongolia/1-27/2007 (H3NE) 8c.3
KU921406.1 Alduck/Shanghai/602/2009 (H10N8)
— KU160853 Alduck/Chongging/S2086/2012 (H4NB)
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Fig. Phylogenetic tree based on the nucleotide sequences of NA gene of HPAI subtype N8
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A/goose/Tatarstan/1730-2/2020. Up-to-date information
was obtained on genetic relatedness based on NA gene
of the studied AIV N8 isolates and isolates recovered
from 2007 to 2020 in the Russian Federation and other
countries. It was demonstrated that more information shall
be added to the current N8 subtype-based classification of
avian influenza viruses, due to the wide and rapid spread
of genetically similar avian influenza viruses of HSN8 sub-
type in Europe, Asia, and Africa during 2014-2017.
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3uHakoB Hukonain leHHagbeBuY, KaHANAAT 6GMONOrMYECKNX
HayK, CTapLUMIA HayuYHbIi COTPYAHVK pedepeHTHO nabopaTopum
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pedepeHTHON nabopaTopum BUPYCHbIX GonesHel nTuy
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