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SUMMARY

At the end of 2020, a large-scale bird death was registered at one of the poultry farms in the Astrakhan region, the cause of which was avian influenza. Data on
detection of the marker substitutions in viral proteins of avian influenza virus A/chicken/Astrakhan/2171-1/2020 isolate are presented in the paper. Type A H5N8
avian influenza virus was identified with complex PCR-based methods in the submitted samples. Hemagglutinin gene fragment sequencing identified REKRRKR/
GLF, highly pathogenic avian influenza virus isolate-characteristic amino acid sequence of the hemagglutinin cleavage site. Phylogenetic analysis of nucleotide
sequences of hemagglutinin gene segment (848—1105 bp ORF) allowed A/chicken/Astrakhan/2171-1/2020 H5N8 isolate to be classified to highly pathogenic avian
influenza virus genetic clade 2.3.4.4. Comparative analysis of genome segments using available databases showed that A/chicken/Astrakhan/2171-1/2020 H5N8
virus related to A/H5 avian influenza virus isolates detected in the Russian Federation in 2016—2020. Analysis of the studied virus isolate hemagglutinin amino acid
identified AlV-characteristic G,, QRG,,, amino acids in the receptor-binding domain of the protein enabling high-affinity binding to avian epithelial cell SAa-2,3-
gal receptors. Single mutations, 70G in NEP protein and 13P in PB1 protein, out of the list of the reported influenza virus mutations affecting successful influenza
virus replication in mammals were identified. No mutations affecting virus sensitivity to anti-viral medicines, rimantadin, amantadine, oseltamivir and zanamivir,
were detected. The following mutations recognized as pathogenicity determinants in mice were found: 425 in the NS1 protein and 30D protein 215A in M1 protein.
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PE3IOME

B KoHue 2020 r. Ha oaHoIt M3 nTMLepabpyk B AcTpaxaHcKoil 06nacTu Bbina 3aperncTpupoBaHa MaccoBas rubenb NTUL, NPUYNHOI KOTOPOIA CTan rpunn NTML.
B pabote npencTaBneHbl JaHHble N0 BbIABNEHUI MapKepHbIX 3aMeH BIpYCHbIX Genkos u3onaTa Bupyca rpunna ntuy A/chicken/Astrakhan/2171-1/2020. B pe-
3ynbTaTe KOMNAeKCa CCnefoBaHmi ¢ MCNONb30BaHUEM NOAUMEDA3HOI LIEMHOI peakwLi B NOnyYeHHbIX npobax 6bin MaeHTMMUMPOBAH BUPYC rpunna ntuy
una A nogtuna H5N8. CornacHo pe3ynbTaTam ceKBeHUPOBAHNA Y4acTKa reHa remarrioTMHIHA YCTaHOBNeHa aMUHOKNCIOTHAA NOCNef0BaTeNbHOCTb CaifTa
pacuiennenua remarrniotuHuHa REKRRKR/GLF, xapaktepHas Ana u3014ToB BbICOKONATOreHHoro rpunna ntuy. QuaoreHeTuueckiii aHann3 HykneoTUAHbIX no-
CNefjoBaTeNbHOCTENA YYacTKa reHa reMarroTuHuHa (848—1105 H. 0. 0TKPLITON PaMKM CYMTBIBAHKA) MO3BOMMA YCTAHOBUTD NPUHAANEXHOCTb u3onaTa A/chicken/
Astrakhan/2171-1/2020 H5N8  reHeTiueckoii knage 2.3.4.4 BbICOKONATOreHHOT0 BUPYCa rpunna L. B peynbtate (paBHUTENbHOTO aHaNM3a reHOMHbIX cer-
MEHTOB C MCMIONb30BaHNeM JOCTYMHbIX 6a3 JaHHbIX ycTaHoBNeHo poacTBo Bupyca A/chicken/Astrakhan/2171-1/2020 H5N8 ¢ u3onatamu Bupyca rpunna A/H5,
BbIABNEHHbIMU Ha TeppuTopuy Poccuiickoil Degepauum B 2016—2020 rr. AHanu3 aMmMHOKICIIOTHO NOCe0BaTENbHOCTY BUPYCHOTO remMarroTUHIHA aHanN3u-
POBAHHOTO U301ATa BbISBIT B PELIENTOP-CBA3bIBAIOLLEM LieHTpe Geftka amuHokucnoTsl G,, QRG,,, XapakTepHble A4 BUpyca rpunna nTiy u obecneuvsaiowiye
MOBbILLEHHbII apPuHUTET K peLientopam SAa-2,3-gal anuTennanbHbIx KNeToK NTIL. V13 uncna onvcaHbix MyTaunii BUpYCa rpunna, BAMALLMX Ha yCMeLHYIo
penpoayKLMH €ro B OpraHu3Me MieKonuTatoLyx, 6binn BblABREHbI eanHnYHble MyTawum 70G B 6enke NEP v 13P B 6enke PB1. MyTauuii, BanAtowmx Ha uyBCTBU-
TeNbHOCTb BUPYCA K NPOTUBOBUPYCHBIM Npenapatam: pUMaHTaANHY, aMaHTaNHY, 0CeNbTaMUBUPY 11 3aHaMUBMPY — He 06HapyeHo. BbiaBneHbl MyTauun 425
B 6enke NST 130D, 215A B 6enke M1, npu3HaHHble ieTepMItHAHTaMU NaTOreHHOCTY AN MblLLei.,
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INTRODUCTION In 2020, H5N8 Al virus widely spread across the Euro-

Avian influenza virus (AlV) is a dangerous highly conta-
gious causative agent of respiratory ilinesses in birds. Mor-
tality in birds infected with H5 and H7 Al viruses reaches
100%.

Since 1996, highly pathogenic avian influenza (HPAI)
caused by A/H5N1 Al virus has become epidemic in the
South-Eastern Asian countries. The disease outbreaks
occurred in 2005-2007 caused significant losses to the
poultry industry of the Russian Federation. H5N8 Al vi-
rus was detected in a migratory duck in the Republic of
Sakha in 2014. Then, H5N8 Al viruses have repeatedly
caused outbreaks in poultry and wild bird populations
in Russia as well as in Asian, African and European
countries up to the present time. Epidemic HPAI situa-
tion in the Russian Federation aggravated in late 2016.
In 2016-2017 H5N8 HPAI outbreaks were reported
in poultry in the Rostov, Astrakhan, Samara, Moscow,
Nizhny Novgorod Oblasts, Krasnodar Krai, Republic of
Tatarstan, Mariy El, Kalmykia as well as in the Udmurt
and Chechen Republics. The disease outbreaks caused
great economic losses to Russian commercial establish-
ments [1].1n 2018 H5N8 Al virus was detected in poultry
in the Kursk, Oryol, Voronezh, Kostroma, Smolensk, Sara-
tov, Samara, Ulyanovsk, Penza, Nizhny Novgorod, Rostov
Oblasts, Udmurt Republic, Republic of Mariy-El, Chuvash
Republic and Republic of Tatarstan [2].

pean and Middle East countries as well as Russian Feder-
ation and Kazakhstan territories. Moreover, H5N5 Al virus
was detected in the Omsk and Rostov Oblasts. In late 2020,
H5N8 Al virus was detected in humans contacting to the
diseased poultry on the poultry farm located in the Astra-
khan Oblast (https://www.interfax.ru/russia/752017).

Human Al cases require further investigations inclu-
ding whole-genome sequencing followed by analysis
of deduced amino acid sequence A/chicken/Astra-
khan/2171-1/2020 for detection of possible markers of
tropism and virulence for mammals.

MATERIALS AND METHODS

RNA extraction. RNA was extracted with RIBO-sorb kit
(FBIS“Central Research Institute of Epidemiology” of the RF
Federal Service for Customers’ Rights Protection and Hu-
man Well-Being Surveillance, Russia; cat. No. K2-1-Et-100)
according to the manufacturer’s instructions.

Real time reverse transcription-polymerase chain
reaction (rt RT-PCR). One-step rt RT-PCR was carried
out with OneStep RT-PCR Kit (Qiagen, Netherlands;
cat. No. 210212) using 25 mM magnesium chloride solu-
tion (Promega, USA; supplied with the kit, cat. No. M8296)
and a set of primers for M gene and HA, NA genes of
H5N8 AIV. Reaction mix (25 ul) was prepared. The re-
action mix contained 1x buffer for RT-PCR, 1.25 mM
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MgCl,, 0.4 MM dNTP, 0.4 pmol/ul of forward primer and
0.4 pmol/pl of reverse primer, 0.3 pmol/pl of fluorescent
probe, 1 ul of reverse transcriptase and polymerase mix
(Qiagen, Netherlands; cat. No. 210212), 5 ul of total RNA
solution. Reverse transcription was performed at 50 °C
for 30 min. The following temperature/time conditions
were used for amplification: 95 °C — 10 min. (polymerase
activation), then 40 runs, each consisting of three steps
(95°C-10sec., 55°C-35sec, 72°C- 10 sec.).

Reverse transcription-polymerase chain reaction (RT-PCR).
Conventional RT-PCR was performed in one-step with
OneStep RT-PCR Kit (Qiagen, Netherlands; cat. No.210212)
using 25 mM magnesium chloride solution (Promega,
USA; supplied with the kit, cat. No. M8296) and a set of
primers for HA gene of H5 subtype AIV. Reaction mix
(25 pl) was prepared. The reaction mix contained 1x buf-
fer for RT-PCR, 1.25 mM MgCl,, 0.4 mM dNTP, 0.4 pmol/pl
of forward primer and 0.4 pmol/pl of reverse primer, 1 pl
of reverse transcriptase and polymerase mix (Qiagen,
Netherlands; cat. No. 210212), 5 pl of total RNA solution.
Reverse transcription was performed at 50 °C for 30 min.
Amplification was performed under the following tem-
perature/time conditions: 95 °C — 10 min. (polymerase
activation), then 40 runs, each consisting of three steps
(95 °C - 30 sec., 58 °C - 60 sec., 68 °C — 120 sec.) and final
elongation - for 7 min.
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Fig. 1. Phylogenetic tree constructed using HA gene fragment sequence
(848-1105 bp) of H5 HPAI virus isolates and strains

Puc. 1. QunozeHemuyeckoe 0peso, NOCMpPOeHHoe C NOMOW|bIO
nocnedosamenbHocmel ¢ppazmeHma eeHa HA (848-1105 H. n.) uzonamos
u wmammos supyca BT nodomuna H5

134

Sequencing. HA gene fragment nucleotide sequences
were determined with automated ABI Prism 3100 se-
quencer using BigDye Terminator Cycle Sequencing kits
(Applied Biosystems, USA) according to the manufacturer’s
instructions. Whole-genome sequencing was performed
with MySeq analyzer (lllumina, USA) according to the ma-
nufacturer’s instructions. Double stranded DNA synthesis
was carried out with cDNA Synthesis System (Roche, Swit-
zerland) according to the manufacturer’s instructions. DNA
libraries were prepared with commercial XT kit and Nex-
tera XT Index Kit (Illumina, USA).

Nucleotide sequences. Nucleotide sequences of H5 sub-
type AlV isolates and strains published in the GenBank
database, NCBI electronic source (www.ncbi.nlm.nih.gov/
nucleotide), and the EpiFlu database (https://www.gisaid.
org) were used.

Analysis of the nucleotide sequences and correspon-
ding amino acid sequences was carried out with BioEdit
software, version 7.0.5.3.The sequences were aligned with
ClustalW multiple sequence alignment software. Phyloge-
netic tree was constructed with NJ algorithm using MEGA
package, version 6.06.

RESULTS AND DISCUSSION

Mass mortality of poultry was reported on a poultry
farm located in the Astrakhan Oblast in December 2020.
Results of the tests carried out by local veterinary labo-
ratory indicated the avian influenza virus presence in the
tested samples. The samples were sent to the Reference
Laboratory for Viral Avian Diseases of the FGBI“ARRIAH" for
confirmation of the test results and further virus typing.
Type A H5N8 Al virus was identified in the submitted
samples with a complex PCR-based tests. Virus hemagglu-
tinin cleavage site, REKRRKR/GLF, was identified based on
analysis of deduced amino acid sequence. The obtained
results allow detected virus to be identified as highly
pathogenic avian influenza virus.

The isolated A/chicken/Astrakhan/2171-1/2020 virus
was classified to genetic clade 2.3.4.4 based on phyloge-
netic analysis of its HA gene nucleotide sequence (Fig. 1).
Diagnostic fragment of the hemagglutinin gene sequence
(848-1105 bp of open reading frame — ORF) was used for
the phylogenetic analysis.

Whole-genome sequencing was performed to iden-
tify marker substitutions indicative of A/chicken/Astra-
khan/2171-1/2020 virus adaptation to mammals. Compar-
ative and phylogenetic analyses showed high similarity of
A/chicken/Astrakhan/2171-1/2020 virus to the vast ma-
jority of H5N8 Al virus isolates recovered in the Russian
Federation in 2020 and described earlier [3]. No genomic
segment reassortment events between A/chicken/Astra-
khan/2171-1/2020 virus and the virus isolates of other
types or H5 genetic clades were found.

HA protein amino acid sequence of A/chicken/Astra-
khan/2171-1/2020 H5N8 isolate was analyzed. G,,,QRG,
amino acids (according to H3 subtype numbering) were
detected in viral protein receptor-binding domain (Fig. 2).

According to the earlier studies, a group of G,,.QRG,,,
amino acids is characteristic of the viruses isolated from
birds and targets to SAa-2,3-gal receptors [4].

According to the literature data, virus hemagglutinin
contains marker amino acids that are located in the recep-
tor-binding domain and conservative for the virus isolates
recovered from birds but distinct from the relevant amino
acids in the virus isolates recovered from mammals [4, 5].
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Fig. 2. Segment of deduced amino acid sequence of the virus HA receptor-binding domain

Puc. 2. Yaacmok npedcka3aHHol amuHOKUCIomHoU nociedo8amesibHoOCMu peyenmop-céssbi8arouje2o OOMeHa

BUPYCHO20 eeMdaee/ltomuHuHa

Table 1 shows HA protein amino acid residues related to
receptor specificity characteristic of H5 Al viruses and hu-
man influenza virus.

For A/chicken/Astrakhan/2171-1/2020 isolate,
AlV-characteristic amino acid residues are located in all
above-mentioned positions (except for 159, 222, 227).
Amino acid residues non-characteristic of human and
avian influenza viruses are located in three positions.

H5 HPAI viruses can infect humans despite that their
hemagglutinins interact predominantly with SAa-2,3-gal
cell receptors. However, in cases of successful influenza
virus replication in mammalian cells, the researchers
identified mutations in other virus genes supposed to be
markers of the influenza virus adaptation to mammals for
its replication [6-11]. Table 2 shows amino acid residues
of A/chicken/Astrakhan/2171-1/2020 isolate proteins res-
ponsible for successful influenza virus replication in birds
or mammals. Amino acid substitutions facilitating virus
replication in mammalian cells were identified only in NEP
protein (70G substitution) and PB1 protein (13P substitu-
tion). In all other positions AlV-characteristic amino acid
residues were identified.

Additionally, deduced amino acid sequences of the vi-
rus proteins mediating the virus sensitivity to medicines
were analyzed. Currently adamantanes (rimantadin and
amantadine) are the medicines with known mechanism
of action. These medicines are blockers of ion channels
formed by type A influenza virus M2 protein. Influenza
virus resistance to rimantadin and amantadine could be
accounted for mutations in M2 protein (L26F, 27 V27A,
30 (A—V/P), 31 (S—N/R), 34 G34E) resulting in chan-
ges in ion channel configuration. The following amino
acids were identified in M2 protein of A/chicken/Astra-
khan/2171-1/2020 isolate: leucine (26L), isoleucine (271),
alanine (30A), serine (31S), glycine (34G) that indicates the
virus sensitivity to the adamantanes [10].

Besides adamantanes, there are also virus neuramini-
dase inhibitors, such as the most common oseltamivir
and zanamivir. The most oseltamivir-resistant viruses
have histidine-to-tyrosine substitution in position 274
(H274Y) [11]. Marker for oseltamivir resistance was not
detected in A/chicken/Astrakhan/2171-1/2020 during
the analysis. However, some studies showed that resis-
tance to neuraminidase inhibitors varied depending on
NA subtype of influenza virus and different NA mutations
could result in different resistance levels. Thus, four marker
substitutions related to complete or partial resistance to
oseltamivir and zanamivir were identified for N2 subtype
viruses [12].

Finally, the analysis for markers of virulence for mam-
mals was carried out. Analysis identified serine (S) amino
acid in position 42 of NS1 protein. This substitution is a
marker of virulence for mice and is able to antagonize the
host cell interferon induction, as well as to prevent NF-kB

Table 1

HA protein amino acid residues related to receptor
specificity of influenza virus

(according to H3 type)

Tabnuua 1

AMWHOKMCIOTHbIE OCTAaTKK 6eNKa remMarrnioTUHUHA,
onpepensiowye peLenTopryio cneLuduUHOCTb BUpPYCa rpunna
(mo nopTuny H3)

Position No. A/chicken/ Avian Human
(according Astrakhan/ inf . infl .
toH3 subtype) | 2171-1/2020 influenza virus | influenza virus
153 w w -
158 N N/D N
159 D N S
183 H H -
190 E E D
194 L L |
221 S S P
222 Q K -
225 G G/N D
226 Q Q /I
227 R S A
228 G G S

pathway activation during immune response [7]. More-
over, 30D, 215A amino acid substitutions in M1 protein
recognized as determinants of pathogenicity for mice
were found [13].

Thus, despite the absence of known marker amino acid
substitutions enabling effective replication in the mam-
mals in the studied virus, identification of markers of viru-
lence for laboratory animals indicates the need for further
investigations of the biological properties of H5N8 avian
influenza viruses.

CONCLUSION

Analyses of A/chicken/Astrakhan/2171-1/2020 vi-
rus have showed that it is closely related genetically
to H5N8 AlV isolates recovered in 2020 during avian
influenza outbreaks occurred in the Russian Federation
and belongs to genetic clade 2.3.4.4 of H5 subtype. No
genomic segment reassortment between the analyzed
virus and both influenza viruses of other types and H5N8
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Table 2
Amino acid residues determining influenza virus host range

Tabnuua 2
AMUHOKNCNOTHbIE 0CTaTKK, ONpefensiolLye CNEKTp X034eB BUpYca rpunna
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Protein / A/chicken/Astrakhan/ Avian Mammalian
position No. 2171-1/2020 influenza virus influenza virus
PB1
13 p L p
99 H H Y
368 I | v
PB2
44 A A S
81 T T M
199 A A S
27 T T A
588 A A I
613 v v I
627 E 3 K
661 A A T
674 A A/S T
701 D D N
702 K K R
PA
28 p p L
55 D D N
65 S S L
100 v ) A
356 K K R
382 E 3 D
400 S Q1/s L
409 S S N
552 T T S
NP
33 v v |
61 | | L
100 R R v
109 I | v
136 L L M
214 R R K
283 L L p
293 R R K
313 F F Y
375 D D G/E
M1
137 T T A
M2
16 E E G
20 S SIN N
28 | I IV
55 L L F
78 Q Q K
NEP
70 G S G
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genetic clade 2.3.4.4 viruses isolated earlier in the Russian
Federation was found with whole-genome sequencing.
Analysis of virus molecular markers indicates A/chicken/
Astrakhan/2171-1/2020 virus adaptation to birds and ab-
sence of mutations related to adaptation to mammals,
including humans. No markers of the virus resistance to
anti-viral medicines of adamantane class, oseltamivir and
zanamivir, were identified.
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3uHakoB Hukonaii leHHagbeBMY, KaHANAAT GMONOrNYECKNX
HayK, CTapLUMIA HayuYHbIi COTPYAHVK pedepeHTHOW nabopaTopuu
BUPYCHbIX 6one3Hei nTuy OIBY «BHUW3XK», r. Bnagumup, Poccus.

AnppusicoB Aptem BanepbeBuy, KaHgmaat 6ronornyeckux
HayK, BeAYLLMIA HayUYHbI COTPYAHUK pedepeHTHO nabopaTopum
BUPYCHbIX 6one3Hei nTuy, OIBY «<BHUW3XK», r. Bnagnmup, Poccua.

OBuunHHUKOBa EBreHuns BanepbeBHa, KaHAMAAT GIONOrMYeCcKUX
HayK, CTapLUMiA Hay4YHbI COTPYAHUK pedepeHTHOI NabopaTopun
BUPYCHbIX 6onesHei nTuy OIBY «BHUW3XK», r. Bnagnmup, Poccus.

Koznoe AHTOH AnekcaHapoBMY, KaHAUAAT GMONOrMYecKmx
HayK, MNaaLWnii HayYHbI COTPYAHVK pedepeHTHOM nabopatopun
BUpPYCHbIX 6onesHei nTuy OIBY «BHUW3XK», r. Bnagnmup, Poccus.

MKecrkos Masen mutpuresny, acnnpaxT, BeAyLnn TeXHonor
pedepeHTHOW NabopaTopumnm BUPYCHbIX GonesHel NTuy
OIBY «BHUW3X», . Bnagumup, Poccus.

Anppeiiuyk Omutpuin BopncoBuy, KaHanAaT 6nonornyecknx
Hayk, 3aBeayownii pepepeHTHON NabopaTopreil BUPYCHbIX
6onesHen ntuy OreY «BHUM3XK», r. Bnagumump, Poccus.

Ypana Unba AnekcaHpapoBu4, KaHAuAAT BeTepUMHapPHbIX

HayK, 3amecTutenb aupektopa no HWUP n moHuTOpuUHTY
OIrBY «BHNWN3X», . Bnagnmup, Poccus.
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