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Immunogenic activity of “ARRIAH-AviFluVac”
vaccine against high-pathogenicity H5N1 avian influenza
virus relevant for Russia in 2023

Natalia V. Moroz, Dmitry L. Dolgov, Sergey V. Frolov, Alena D. Grekhneva, Vladimir Yu. Kulakov
Federal Centre for Animal Health, Yur'evets, Vladimir 600901, Russia

ABSTRACT

Introduction. Vaccination against high-pathogenicity avian influenza (HPAI) is a well-proven way to control the disease. Inactivated whole-virion products are
the most popular among the influenza vaccines. It is important to study immunogenicity of "ARRIAH-AviFluVac” vaccine against currently circulating HPAI viruses.
Objective. To assess immunogenic activity of "ARRIAH-AviFluVac”inactivated vaccine against high-pathogenicity avian influenza virus (H5N1 subtype) which was
relevant for Russia in 2023.

Materials and methods. For testing purposes 4 vaccine dilutions were prepared containing whole and diluted H5 avian influenza virus antigen (1/25, 1/50
and 1/100). Each diluted sample was used to vaccinate a separate group of 4-week-old chickens. On day 28 post vaccination, the chickens were challenged
with avian influenza virus A/qull/Kirov/998-1/2023 H5N1, which was isolated during an outbreak in the Russian Federation and was phylogenetically defined
as high-pathogenicity agent belonging to the Asian genetic lineage of HPAI subtype H5 (clade 2.3.4.4b). Dead and sick chickens were reported in the infected
groups for 6 days.

Results. The chickens vaccinated with a whole antigen dose were found to be completely protected from the clinical signs after the challenge. A decrease in the
antigen concentration in the vaccine volume decreased the vaccine-induced protection. The mortality rate after the challenge of control (intact) chickens was 10/10.
An analysis of the dependence of the vaccine protectivity on the volume of the antigen immunizing dose showed that one inoculation dose contained 97 PD, .
An analysis of the link between protection and strength of the post-vaccination humoral immunity allowed to calculate that the expected mean antibody titer in
the group, which corresponds to 90% protection in the vaccinated birds, was 5.7 Iogz, or=1:52.

Conclusion. “ARRIAH-AviFluVac” vaccine demonstrates high immunogenicity against high-pathogenicity avian influenza virus (H5N1) which was relevant for
Russia in 2023.
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AMMyHOreHHas akTMBHOCTb BaKLMHbI
«BHUW3M-ABn®nyBak» npoTnB akTyanbHoro
ona Poccun B 2023 roay Bupyca
BblcoKonartoreHHoro rpunna ntuy H5N1

H. B. Mopos, [1. 1. Aonros, C. B. ®ponos, A. [l. [pexHesa, B. 0. Kynakos
OIBY «DefepanbHblil LLeHTp oxpaHbl 340poBbA XMBOTHbIX» (OTBY «BHUNU3XK»), Mkp. I0pbesew, . Bnagumup, 600901, Poccua

PE3IOME

BBepeHue. BakunHonpodunakTiKa BbICOKONATOreHHOrO FpUnna NTiL ABNAETCA HaAEXKHbIM CMocobom 60pbObl ¢ 60ne3HbH0. Cpedin aHTUrPUMNO3HBIX BAKLMH
Haubosee LIMPOKOE PacnpocTpaHeHIe UMET MHAKTUBUPOBAHHDIE LieNbHOBUPUOHHbIE NpenapaTbl. /3yueHie MMMYHOreHHO aKTUBHOCTY BaKLMHbI «BHUV3X-
Asu®nyBak» NpoTMB aKTyanbHbIX BUPYCOB BbICOKOMATOrEHHOTO rpUNNa NTIL ABNAETCA BaXKHOI 3ajauell.

Lienb nccnepoBanua. OueHKa UIMMYyHOTEHHOI aKTUBHOCTI MHAKTUBUPOBaHHOI BakLuHbl «BHUN3X-ABu®nyBak» npotus aktyanbHoro and Poccun 8 2023 1.
BbICOKOMATOreHHOT0 BIpYCa rpunna ntuy noatuna HSN1.
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Matepuanbi u meToAbl. [InA ncnbITaHuii roToBUN 4 BakLMHHbIX 06pa3Lia, CofepXaLLyX LienbHbIA v pa3BefeHHblit 1/25, 1/50 n 1/100 aHTuren Bupyca rpunna
ntuy H5 B npueiMBHOM 06beme. KaxabIM npenapatom 6bina NpuBKTa 0TAENbHAA rpynna nTuy 4-HefenbHoro Bo3pacta. Yepes 28 cyT Kypbl Obini 3apareHbl
Bupycom rpunna ntuw A/gull/Kirov/998-1/2023 H5N1, kotopblii b1 BbiZeneH Bo Bpema BCMbILLKM 3a60neBaHnA Ha Tepputopuin Poccuiickoil Oepsepauun n dpuno-
reHeTYeck onpezeneH Kak BblCOKOMAToreHHbIil BO36yauUTeNb, NpUHafAexXaLUyii K a3uaTckoi reHeTUYeCKoil MK BUPYCa BbICOKOMATOTeHHOro rpunna nruy
noatuna H5 (knaga 2.3.4.4b). B rpynnax 3apaxeHHbIX NTUL B TeueHue 6 AHeil perncTpupoBany norubLunx v 60abHbIx ocobeit.

Pe3ynbTaTtbl. YCTaHOBUAY, YTO NTULbI, NPUBHUTbIE LieAIbHOI 403011 aHTUTeHa, ObIIN NOMHOCTBIO 3aLLMLLEHbI OT KAUHUYECKOTO NpoABAeHUA 6onesHn nocie
KOHTPONbHOTO 3apaxeHna. YMeHbLLeHNe KOHLeHTPaLI aHTUreHa B NPUBMBHOM 06beMe 06YCIOBIUNO CHUXeHIe NPOTEKTUBHON 3aLLUTbl BakLMHbI. Mokasa-
TeNb CMEPTHOCTU NOC/Ie 3aparKeHINA KOHTPONbHbIX (MHTAKTHbIX) UbINAAT coctaBun 10/10. AHanu3 3aBUCUMOCTY NPOTEKTUBHOI aKTUBHOCTY BAKLMHbI OT BEAUYNHbI
VIMMYHU3UpYIOLLEI 03bl aHTUTEHA NOKa3an, YTo 0fHa NPUBMBHAA 103a cofepxana 97 ML, . UccnepoBaHme (BA3U NPOTEKTUBHOI 3aLUMTHI U HAMPSAKEHHOCTY
MOCTBAKLMHANBHOTO TYMOPaNbHOTO MMYHUTETA NO3BOAUNO ONPESENUTb, UTO 0XIAAEMbIil CPeHerpynnoBoii TUTP aHTUTEN, KOTOPbIN COOTBETCTBYET 3aLuuTe
90% BaKUMHMPOBAHHBIX NTHLL, COCTaBUN 5,7 Iogz, unm = 1:52.

3aKnioueHue. BakuuHa «BHUN3X-ABnOnyBak» 0bnagaet BbICOKOI IMMYHOTEHHON aKTUBHOCTbIO NPOTYB aKTyanbHoro Ana Poccun B 2023 1. BUpYca BbICOKO-
natoreHHoro rpunna ntuy nogruna H5N1.

KnioueBbie cnoBa: BbICOKONATOreHHbIN BUPYC rpUNNa NTUL, NHAKTUBMPOBAHHbIE BAKLMHDI, 033 aHTUIEHa B BAKLIMHE, NPOTEKTUBHbIN 3deKT BaKLMHbI
bnaropapHocTu: Pabota BbinonHeHa 3a cuet cpeacts OIBY «BHUN3X» B pamkax TemaTuku HayuHo-uccneaoBatenbekux pabot «BetepuHapHoe 6narononyune».

[insa yutuposanma: Mopos H. B., flonros [1. /1., Oponos C. B., Tpextesa A. [1., Kynakog B. 10. iMmyHoreHHaa akTuBHOCTb BakuyHbI «BHUN3MK-ABu®nyBak»
npoTus aktyanbHoro ana Poccun B 2023 rony Bupyca BbicokonatoreHHoro rpunna ntuy H5N1. Bemepunapus cezo0Ha. 2025; 14 (1): 47-54.
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INTRODUCTION

High-pathogenicity avian influenza (HPAI) is now a mat-
ter of concern for poultry farming all over the world. HPAI
(H5N1) virus is the cause of devastating epizooties that
cause significant economic damage. For example, 11 mil-
lion birds had been detroyed in France by March 2022 due
to HPAI (H5N1) spread; and, by September 2022, losses in
the United States had exceeded 20 million chickens [1, 2].
Totally, 67 countries on five continents reported HPAI
(H5N1) outbreaks in 2022, resulting in loss of more than
131 million poultry [3]. From April to June 2023, HPAI
(H5N1) outbreaks were reported in 25 European countries
in domestic and wild birds, with a total of 98 and 634 epi-
sodes, respectively [4].

As of 17 October 2023, the following HPAI (H5N1)
outbreaks were registered in the Russian Federation, as
the Rosselkhoznadzor reported: 57 settlements - in wild
birds; 6 settlements — on poultry farms; 8 settlements — in
backyard poultry [5]. It was noted that the disease affec-
ted atypical wild avian species that year, namely seagulls.
For example, there was an outbreak at the Borisovskiye
Prudy in Moscow with dead seagulls detected. H5N1 sub-
type virus genome was isolated from the remains found
there [6]. In the central regions of Russia, HPAIl-infected
poultry farms are all located in the immediate vicinity of
the settlements where HPAI (H5N1) outbreaks were re-
corded in wild birds [5], which clearly indicates the source
of the virus spread.

The influenza large-scale spread is primarily explained
by the pathogen characteristics. At the synthesis stage in
an infected cell, viral RNA does not have a repair mecha-
nism and retains all possible “errors”in the structure, which
with a probability of at least 1/10° determine changes in
the virus phenotype [7]. Compared to DNA-viruses with

the maximum probability of error during genome repli-
cation of 1/10%, this is a three times difference. Each round
of RNA-virus replication generates a mixed population
with many variants, most of which are not viable, but
some of them contain mutations that can become domi-
nant under appropriate conditions [8, 9]. At the pheno-
typic level, these may be changes in antigenic properties
and/or changes in the pathogen tropism. In the first case,
the modified agent can evade the immune response of
the macroorganism, in the second case, it can increase
virulence.

We emphasize that the influenza virus genome is rep-
resented by independent RNA fragments (8 fragments). If
one cell is infected with various virus variants, recombina-
tion may occur, i.e. the exchange of genome fragments,
which will lead to qualitative changes in the pathogen
properties, including a change of the host specificity [1].
For example, in June 2023, influenza A (H5N1) virus was
detected in 24 domestic cats in Poland. Infected animals
showed neurological and respiratory signs, and in some
cases, death was reported. In July 2023, two human cases
of influenza A virus subtype H5N1 were reported in the UK,
and in two cases influenza A virus subtype HIN2 was iso-
lated [4].

Thus, the scheme depicting known avian influenza vi-
rus ecological niches (Fig. 1) only partially reflects the natu-
ral habitat of the pathogen [10].

Along with restrictive measures, specific prevention
is a well-proven way to control HPAI. Inactivated whole-
virion vaccines are the most popular among anti-influ-
enza vaccines [11, 12]. Protectivity of such vaccines de-
pends on two related factors: the antigen concentration
in the vaccine and the structural correspondence be-
tween the vaccine antigens and the field isolate [12, 13].
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At the same time, for biosafety reasons it is recommen-
ded to use low-pathogenicity virus variants to obtain
antigens [14]. “ARRIAH-AviFluVac” is an example of an in-
activated vaccine for specific prevention of HPAl based on
a low-pathogenicity virus variant.

The objective of the research was to assess effective-
ness of "ARRIAH-AviFluVac’, the inactivated vaccine against
HPAIH5N1 which caused local outbreaks in several regions
of Russia in 2023.

To achieve the objective the following tasks were set:

- to determine phylogenetic type of the HPAl isolate re-
covered in the outbreak in the Russian Federation, which
will be used to test the vaccine protective effect;

- to assess 50% protective dose contained in the in-
oculation volume;

- to calculate post-vaccination antibody titer that pro-
tects 90% of the vaccinated birds.

MATERIALS AND METHODS

The research object: “ARRIAH-AviFluVac” inactivated
emulsion vaccine against avian influenza (H5). The antigen
concentrations (D) in the vaccine inoculation dose (repre-
sented by “Yamal” production strain of low pathogenicity
avian influenza H5 virus) were regulated by diluting it with
saline solution in the ratios of 1/25, 1/50 and 1/100. When
preparing vaccine samples, the active component (anti-
gen) was combined with an oil adjuvant in a ratio of 30:70
(by weight) and emulsified on a high-speed Silverson lab-
oratory mixer (Great Britain) at a speed of 6,000 rpm for
5 minutes. The emulsion stability after mixing was evalu-
ated after centrifugation at 1,000 g for 10 min. The emul-
sion was considered stable, if creaming of the light (oil)
fraction did not exceed 5% by volume, and no creaming
of the heavy (water) fraction was observed.

Thus, vaccine samples were prepared containing
awhole antigen (D = 1) and antigens diluted at 1/25, 1/50
and 1/100 (D = 25, D = 50 and D = 100) from the initial
concentration.

Poultry. For the experiment, avian influenza virus
seronegative 4-week-old Lohmann Brown cross-breds
were used. The chickens were handled in accordance
with GOST 33215-2014 and in accordance with Directive
2010/63/EU (dated 22.09.2010) on protection of animals
used for scientific purposes.

Vaccination. Each vaccine sample was tested in a sepa-
rate group of 10 chickens. The vaccine was injected intra-
muscularly into the chest area at a dose of 0.5 cm?. Addi-
tionally, a virus control group was formed (10 chickens),
where no vaccination was performed (intact chickens).
Chicken groups were kept in isolated rooms with autono-
mous ventilation, water and feed supply.

Chicken embryos. SPF chicken embryos (9-11-day-
old) were used for the research (VALO BioMedia GmbH,
Germany).

Isolation of avian influenza virus. The pathological mate-
rial obtained from the seagulls that died of HPAI was used.
A 10% tissue suspension was prepared on a phosphate
buffer (pH 7.2-7.4), which was centrifuged for 15 min
at 1000 g. Antibiotics were added to the supernatant
(100 U/mL of benzylpenicillin sodium salt, 100 pg/mL
of streptomycin sulfate and 50 U/mL of nystatin). The re-
sulting material was injected into the allantoic cavity
of chicken embryos in a volume of 0.2 cm?. Embryos were
incubated at a temperature of 37 °C and a relative humi-

Wild birds

Humans

HIN1, H3N2
(H2N2)

HIN1/2
H2N3, H3N2

Pigs Poultry

Fig. 1. Ecology of influenza A virus ([10] with changes).
Hemagglutinin (H) and neuraminidase (N) variants are
indicated. Black arrows show the pathogen circulation

in host species, gray arrows show the virus interspecies spread

dity of 60-70% with ovoscopy done daily. The embryos
that died 24 hours after incubation or more were used for
harvesting extraembryonic fluid. The death specificity was
confirmed by hemagglutinating activity in the hemagglu-
tination test and by identification of hemagglutination in-
hibition with a specific serum [15].

Calculating virus titer in chicken embryos. Method of li-
miting dilutions was used. Serial tenfold dilutions of
the virus material in a phosphate buffer (pH 7.2-7.4) were
prepared. Each dilution was tested in a group of embry-
os (n = 5). The material was inoculated into the allantoic
cavity in a volume of 0.2 cm?3. The virus presence, which
means i.e. a positive reaction, was confirmed, if the em-
bryo death was observed after more than 24 hours of in-
cubation. The titer was calculated according to Karber and
expressed as EID, /cm®.

Reverse transcription polymerase chain reaction (RT-
PCR). The total RNA was isolated using RNeasy Mini Kit
(QIAGEN, the Netherlands, cat. No. 74106) in accordance
with the manufacturer’s instructions. One RT-PCR stage
was performed using OneStep RT-PCR Kit (QIAGEN,
the Netherlands, cat. No. 210212) with appropriate primer
systems for detecting avian influenza virus genome and
identifying H5N1 subtype.

Sequencing the virus genome. Nucleotide sequen-
ces of the gene fragments were determined using ABI
Prism 3130 automatic sequencer (Applied Biosystems,
USA). BioEdit application software package, Version 7.0.5.3,
was used to analyse and compare nucleotide and corre-
sponding amino acid sequences. Sequences of isolates
and strains of A/H5 avian influenza virus previously pub-
lished in the international GenBank database were also
used for comparative analysis (https://www.ncbi.nlm.nih.
gov/genomes/FLU/Database). The phylogenetic tree was
constructed and edited using NJ algorithm in MEGA pa-
ckage, Version 7.

Hemagglutination assay (HA assay). Samples of an-
tigen-containing materials were examined in HA assay
according to the procedure described in instructions
for a hemagglutination inhibition test kit used to detec-
tion of antibodies to avian influenza virus subtype H5.
The titer of hemagglutinating units was calculated.
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Hemagglutination inhibition test (Hl test). Avian blood
serum samples were tested in HI test in accordance with
the instructions for the hemagglutination inhibition test
kit used for detection of antibodies to avian influenza virus
subtype H5 (Federal Centre for Animal Health, Russia) [16].
The antibody titer was calculated. The result was consid-
ered positive, if the titer was 1:16 and more, that is 4 log,.

Challenge. Immunized and intact birds were chal-
lenged on day 28 post vaccination. HPAI strain A/gull/
Kirov/998-1/2023 H5N1 was used for the challenge at
a dose of 6.0 Ig EID, . The viral material was injected in-
tramuscularly into the thigh area in a volume of 0.5 cm®.
Clinical status of the challenged birds was monitored for
10 days.

Processing experimental data. Conventional methods
were used to process the set of variables (mean values,
standard deviations, and standard errors of the mean
were calculated). Elements of regression analysis were
used. Special statistical methods are described in the text.
Calculations were done and the graphs were drawn using
Excel application.

RESULTS AND DISCUSSION

Virus isolation, virulence assessment and phyloge-
netic analysis. It was found that the tested biological
material contained the infectious virus that was lethal to

Al/Black-Headed Gull/England/400174/2023 | A/H5N1 || HA | 2023-04-18 | EPI ISL 17710052 7
A/Mediterranean Gull/Netherlands/4/2023 | A/ HSN1 || HA | 2023-05-26 | EPI ISL 17821078
Alcommon tern/Czech Republic/8807-4/2023 | A/ H5N1 | | HA | 2023-05-05 | EPI ISL 17884627
Alblack-headed gull/Austria/23061496-001/2023 | A/ HSN1 || HA | 2023-05-09 | EPI ISL 17716079
AlgulliUdmurtiya/1001-5/2023| A / H5N1 | | HA | 2023-05-06

Alblack-headed gullitaly/23VIR1481-4/2023 | A/ H5N1 | | HA | 2023-02-18 | EPI ISL 17679757

AlgulliMariy-EI11002-7/2023 | A/ H5N1 | | HA | 2023-05-06

A AJgulliKirov/998-1/2023 | A/ HSN1 | | HA | 2023-05-06

AlLarus argentatus/Belgium/9013 0001/2022 | A/ H5N1 | | HA | 2022-07-08 | EPI ISL 14404351
L A/Anser anser/Spain/2636-3 22VIR8632-11/2022 | A/ H5N1 | | HA | 2022-06-29 | EPI ISL 15234356
AlNene Goose/Northern Ireland/013322/2022 | A | H5N1 | | HA | 2022-10-10 | EPI ISL 15586116
'LA!yellow-legged gullSpain/4836-4 23VIR1687-16/2022 | A | H5N1 | | HA | 2022-12-20 | EPI ISL 17679799
A/Anser anser/Belgium/12540 0001/2022 | A/ H5N1 | | HA | 2022-10-24 | EPI ISL 17071926
Algrey heron/taly/22VIR12030-3/2022 | A | HSN1 || HA | 2022-11-20 | EPI ISL. 16079808
E rlands/6/2022 | A | H5N1 | | HA | 2022-06-06 | EPI ISL 13613221

the embryos (specific mortality was 23/30). Samples of ex-
traembryonic fluid tested positive in HA assay (from 1:64
to 1:256) and RT-PCR revealed high concentraiton of avian
influenza virus genome in them (mean Ct value = 18).

The hemagglutinin cleavage site of the isolated avian
influenza virus had a structure -REKRRKR-, which made it
possible to characterize is as potentially highly virulent.

Virus-containing extraembryonic fluid intravenously in-
jected to ten 5-week-old chickens, seronegative to the avi-
an influenza virus, resulted in death of 9 chickens (90%)
during the following 10 days after injection (i.e. 10-fold
dilution in phosphate buffer was used and each chick-
en received 0.1 cm?®). The dead chickens showed typical
clinical signs of HPAI (diarrhea, nasal discharge, cyanosis
of unfeathered skin areas). The death specificity was con-
firmed by RT-PCR, which revealed HPAI virus genome in
the biological material. The results obtained corresponded
to the clinical signs of HPAI [14].

Comparative genetic analysis of hemagglutinin frag-
ment nucleotide sequences revealed that the virus be-
longs to the Asian genetic lineage of HPAI virus subtype H5
(clade 2.3.4.4.b), which earlier became epizootic for Asia,
Europe, Africa, North and South America. The isolated
virus was identified as avian influenza virus strain A/gull/
Kirov/998-1/2023 H5N1. The strain position in the phylo-
genetic tree is shown in Figure 2.

Alturkey/Stavropoli211-1V/2022 | A/ H5N1 | | HA | 2022-02-01 | EPI ISL 13692620
L Almallard/Scotland/057554/2021 | A/ H5N1 || HA | 2021-11-14 | EPI ISL 13369757

L Algoose/Tyumen/33-53V/2021 | A/ HSNA | | HA | 2021-10-07 | EPI ISL 8769009

— Alchicken/Saratov/245-7V/2022 | A/ H5N1 | | HA | 2022-09-15 | EPI ISL 16618950
AlquaillKursk/234-20V/2022 | A/ H5N1 | | HA | 2022-07-11 | EPI ISL 14857061

+ Alchicken/Rostov-on-Don/6-3V/2022 | A / H5N1 | | HA | 2022-08-17 | EPI ISL 16618959
A/Duck/lvanovol/1462-3/2022 | A1 H5N1 | | HA | 2022-07-22

Afturkey/ltaly/21VIR11386-1/2021 | A/ H5N1 || HA | 2021-12-16 | EPI ISL 14760784
L Alchicken/Chelyabinski201/2020 | A/ HSNS || HA | 2020-09-08 | EPI ISL 654833

L Algoose/Omsk/01161/2020 | A/ HSNS | | HA | 2020-08-17 | EPI ISL 644130

L Alchicken/Rostov-on-Don/308-03/2020 | A / HSNS | | HA | 2020-10-25 | EPI ISL 1114747

—— Alchicken/Voronezh/1488/2018 | A/ H5N8 | | HA | 2018-11-02 | EPI ISL 336929
A/Mallard/Hungary/1574a/2017 | A/ H5N8 | | HA | 2017-01-14 | EPI ISL 255220

Aldomestic duck/Siberia/50K/2016 | A/ H5N8 || HA | 2016-10-10 | EPI ISL 240678
AlGoose/Hungary/22493/2020 | A/ HSN8 | | HA | 2020-05-04 | EPI ISL 813599

Alwild duck/Tyval35/2016 | A/ H5N8 | | HA | 2016-05-25 | EPI ISL 231684
Alturkey/Germany-NUAR2248-L02708/2017 | A/ H5N8 | | HA | 2017-03-14 | EPI ISL 436180
A/White fronted goose/Hungary/801/2017 | A/H5N8 | | HA | 2017-01-09 | EPI ISL 255219
Alchicken/Bulgaria/136 19VIR3315-1/2019 | A/ H5N8 | | HA | 2019-04-01 | EPI ISL 603226
A Alduck/KChR/1590-20/20 | A | HSNE | | HA | 2020-09-21

Alduck/italyM7VIR10767-13/2017 | A /HSN8 | | HA | 2017-12-01 | EPI ISL 316581
AlMew Gullfﬂemarlnn ds/1/2016 | A/ H5NS | | HA | 2016-11-23 | EPI ISL 255910
Alchick n-Don/44/2017 | A/ H5N8 | | HA | 2017-04-18 | EPI ISL 275287
Alchicken/Astrakhan/3131/2016 | A/ H5N8 | | HA | 2016-12-13 | EPI ISL 240110
Alswan/Voronezh/02/2017 | A/H5N8 | | HA | 2017-01-03 | EPI ISL 17733701
Alchicken/Kalmykia/2643/2016 | A/ HSN8 | | HA | 2016-11-21 | EPI ISL 247725

Algoose/Kalmykia/813/2016 | A/ H5N8 | | HA | 2016-11-07 | EP1 ISL 17767846
o« European isolates HPAI H5N8 clade 2.3.4.4c '
isolates HPAI H5N1 clade 2.3.2.1¢

gdong/1/96 | AT H5N1 || HA | 1996-01-01 | EPI ISL 1254

Fig. 2. A phylogenetic tree based on the full-length hemagglutinin gene sequences

50

her n‘ itzerland-Basel/i230080/2023 | A/ H5N1 || HA | 2023-01-17 | EPI ISL 17179654
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Table

Indicators of vaccine immunogenicity against H5N1 avian influenza virus

Indicators according to the tested antigen concentrations

Hl titre (linical indicator

Antigen concentration, D*

Protective activity (P), %

Yc/n*** P=(1-Yc/n)x 100
1 6.67 0/10 100
1:25 533 110 90
1:50 433 4/10 70
1:100 2.00 6/10 50
control 0.47 10/10 0

* antigen concentration in the inoculation volume;
**mean log antibody titer in the group of the vaccinated chickens, n =3;

*** ¥ — number of clinically diseased and dead birds after the challenge [indicator assessed during the experiment];

n —number of chickens in the group before the challenge.

According to GenBank and GISAID (EpiFlu) databases,
the most genetically related to A/gull/Kirov/998-1/2023
H5N1 are H5N1 subtype viruses detected in 2023 in several
European countries. Taking into account the time of detec-
tion in the European countries (i.e. February — May 2023)
and comparing the data to the GISAID database (EpiFlu),
identical isolates had been actively circulating for several
months, at least, since the beginning of 2023.

Thus, taking into account spread of H5N1 influenza vi-
rus in the region, as well as introduction and spread of in-
fection in a number of RF regions, A/gull/Kirov/998-1/2023
H5N1 virus strain was used in further work.

Assessing vaccine immunogenicity. All vaccine
samples containing certain antigen concentrations were
tested in birds in parallel. On day 28 post vaccination,
mean log, antibody titer against avian influenza virus was
calculated in Hi test (log, T).

Further, all experimental groups were infected with
the A/gull/Kirov/998-1/2023 H5NT1 strain. For 10 days,
current clinical indicators were examined daily in each
group (c = a + b, where a and b are the number of clin-
ically diseased and dead birds, respectively). At the end
of the observation, the accumulated clinical indicators in
the groups were assessed (Xc/n, where n is the number
of birds in the group before infection) and the protective
activity of the vaccine type P = (1 - 3c¢/n) x 100 was cal-
culated.

Indicators of the vaccine immunogenicity established
in experimental groups are shown in the Table.

The relationship between the antigen concentration
in the inoculation volume (D) and the vaccine protective
activity (P) was studied. Regression analysis was used
to construct the most probable model of the relationship
between the antigen concentration and the vaccine pro-
tective activity [17]. The following linear regression equa-
tion was drawn up: P = (-0.5184) D + 100.31 (R? = 0.98),
where P is the predicted index value corresponding to
the given D.

Correlation regression analysis was used to graphically
represent the regression of P and D. The results are shown
in Figure 3.

Using the regression equation, it was calculated that
the antigen concentration providing protection for 50%

(PD,,) of the vaccinated poultry is 97, which corresponds
to initial antigen concentration of 1:97. Thus, the vaccine
protectivity is 97 PD,, which is consistent with the re-
quirements of the World Organization for Animal Health,
i.e.PD,, > 50.

Studying relationship between vaccine protectivity
and humoral antibody titers. The relationship between
humoral antibodly titers (T, log,) and vaccine protectivity
was analysed (P, %), using the data obtained for the tes-
ted antigen concentrations. The results are shown in
Figure 4.

Regression line P by log, T is shown, where ‘P is the in-
dex predicted by equation ‘P = (11.093) log, T + 26.667,
with an adequacy score of R?=0.97.

The resulting equation allowed us to calculate the ex-
pected antibody titer (T, ), which corresponds to 90% pro-
tection of the vaccinated poultry. The desired estimate was
log, T, =5.7.

It is known that HPAI outbreaks on poultry farms (for
example, in the USA) mostly coincide geographically
with the migration routes of wild waterfowl [1]. Given
the role of avifauna in the disease spread in some re-
gions of the Russian Federation, A/gull/Kirov/998-1/2023
H5N1 strain should be considered epizootically dange-
rous. Therefore, it is justified to use the strain for chal-
lenge purposes to assess the protectivity of the vaccine
against H5N1.

The antigen concentration in the inoculation volume of
the inactivated vaccine is the most important characteris-
tic of the vaccine. The major antigen (hemagglutinin) can
be measured in absolute units, such as weight units [11], or
in units of action, such as PD, . The inoculation volume of
an effective avian influenza vaccine is considered to con-
tain 50 PD, [12, 14], which corresponds to 0.3-7.8 [12] or
3 ug of hemagglutinin [14].

The challenge procedure fully corresponded to
the generally accepted method [14]. The results obtained
demonstrate that the inoculation volume of “ARRIAH-
AviFluVac” contained 97 PD_, which ensured protection
of 100% of the immunized poultry who received one inoc-
ulation volume, thus, proving the possibility to practically
use it in accordance with the attached instructions. This
means that the antigenic potential of “ARRIAH-AviFluVac”
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Fig. 3. Relationship between the tested antigen concentrations and protectivity of the vaccine against HPAI H5N 1
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Fig. 4. Relationship between H5 virus antibody titer and level of the vaccine protectivity

vaccine against A/gull/Kirov/998-1/2023 H5N1 strain is
1.9 times higher than the recommended protective ac-
tivity [14].

Previously, protective properties of a “Yamal” strain-
based vaccine [18] were analysed and the vaccine induced
effective protection against heterologous HPAI H5N8 sub-
type (A/duck/KChR/1590-20/2 strain). A/duck/KChR/1590-
20/2 virus also belongs to genetic clade 2.3.4.4b. The results
of the phylogenetic analysis given in this work indicate
an active antigenic drift of influenza A virus subtype H5N1
in Eurasia in 2016-2023 (Fig. 1). Those avian influenza virus
isolates against which the“Yamal”strain-based vaccine has
proved to be effective, are shown in Figure 2 in a black
triangle.

Since poultry are protected from generalized avian
influenza mainly by antibodies developed against viral
hemagglutinin [19], HI test data are important to indicate
post-vaccination humoral antibody level. HI antibody titer
of 4log, is known to protect the poultry from infection and
death [14, 19], and antibody titer of 6.5 log, prevents, inter
alia, local replication of the virus [20]. At the same time, it is
required that the antibody titer should be more than 4 log,

in 80% of the poultry population [21]. Within this research,
90% protection of the vaccinated birds corresponded

to the expected titers of 5.7 log, for “ARRIAH-AviFluVac”
vaccine.

CONCLUSIONS

The following conclusions can be made based on the
obtained results.

1. The virus isolated from the pathological material
was identified as H5N1 A/gull/Kirov/998-1/2023 strain,
which belongs to the Asian genetic lineage of H5 subtype
(clade 2.3.4.4b). The strain is characterized as epizootically
dangerous for the Russian Federation.

2.1t has been established that “ARRIAH-AviFluVac”inac-
tivated vaccine ensures protection from HPAI virus strain
A/gull/Kirov/998-1/2023 (H5N1) and, on day 28 after vac-
cination, it completely prevents clinical manifestation of
the disease during challenge. The protective potential of
the vaccine was 97 PD_ in one inoculation dose.

3.1tis shown that “ARRIAH-AviFluVac”vaccine induces
intense humoral immunity against influenza in poultry
on day 28 after administration. The post-vaccination
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HI antibody titer to HPAI, corresponding to protection
of 90% of the vaccinated poultry, was as predicted,
i.e.5.7 log,.
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