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SUMMARY

In August 2022, a sudden death in backyard chickens was reported in the Moscow Oblast (urban district Chernogolovka, settlement Starki). As a result, within just
afew days 45 chickens on this farm died or fell ill with the following signs — gray mucus discharge from nostrils and beak, coughing, gasping and rales. On day 1-3
after the onset of symptoms, the chicken died. The Newcastle disease virus, which is a representative of the Paramyxoviruses family, was isolated from the dead
poultry. We determined the nucleotide sequences of fragments in F gene (encodes the fusion surface protein) and in NP gene (encodes the nucleocapsid protein).
The motif of | SGGRRQKRFIG, , proteolysis site, typical for the velogenic pathotype, was determined for the F gene, and a phylogenetic analysis was carried out to
demonstrate that the isolate belonged to Subgenotype VI, Class Il of the subfamily Avulavirinae. The Basic Local Alignment Search Tool revealed that they are most
genetically related with isolates from Iran. It was found that the average death time of developing chicken embryos, infected with a minimum infectious dose, was
52 hours, which is typical for the velogenic pathotype. The virus caused 100% death in six-week-old chickens after oral infection and 100% death in all contact
chickens, including those kept in cages at a distance, which proves the high level of pathogenicity and contagiousness of the recovered isolate and its ability to
transmit both via fecal-oral and aerosols—borne routes. No death cases were reported in mice after intranasal infection with high doses.
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MonekynapHaa naeHTUdUKaLua BUPYca HbIKACNCKoil bonesHu,

BblZleNIeHHOT0 B JOMaLLIHeM nTuLexo3ancrse [logmockoBbA

netom 2022 ropa
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PE3IOME

B asrycte 2022 . 8 MockoBcKoii 06nacTu (ropogckoil okpyr YepHoronoska, iepeBHs (TapKi) Ha IMYHOM NMOABOPbE BHE3AMHO HAYANCA Najex Kyp, B pesynbrate
KOTOPOro B TeueHIe HeCKONbKMX AHelt norvbnu unm 3abonenin Bce 45 rofioB 370ro X03AiACTBA CO ClleAyIOLLMMI NPU3HAKaMU: BbeNeHNe Cepoit (31 U3 HO3Apeit
11 KNOBA, pe3Kue Kalundiolue 3Byk. Yepe3 1-3 AHA nocne NoABNEHUA CUMNTOMOB NTULA norubana. U3 TKaHeit, NonyyeHHbIX OT NaBLUKX Kyp, 6bin BblaeneH
BUPYC HbIOKACNCKOI Gone3Hu, ABNAIOLLMICA NpeacTaBuUTeNem 06LUMPHOTO cemeiicTBa NapamMUKCOBUPYCOB. OnpeaeneHbl HyKNeoTUaHbIe NOCNeA0BaTENbHOCTH
dparmenToB reHa F, KoaupyloLLero noBepxHOCTHbIiA 6enok cnuaHua, u reHa NP, kogupyiowuero 6enok Hykneokancupa. [ins reqa F onpegeneH MoTus caiita npo-
Teonm3a . SGGRRQKRFIG, , TUMMYHbIN ANA BenoreHHoro natoTuna, Takxe NPoBefeH GunoreHeTUYeCKMit aHanus, no pesynbratam KOTOPOro YCTaHOBAEHa Npu-

109 19
HaANeXHoCTb u30naTa K cybreHotuny VIl knacca Il noacemeiictsa Avulavirinae. C nomolwpio Basic Local Alignment Search Tool BbiaBneHo Hanbonee reHeTnyecku
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6n113K0e POACTBO C M30nATamMu 13 MpaHa. YcTaHoBNEHO, UTO CpefHee BpeMs CMepTU Pa3BUBAIOLLMXCA KYPUHBIX SMOPUOHOB NP 3apareHni MUHUMATbHON
UHGEKLIMOHHOI 030/ COCTaBINO 52 Y, YTO XapaKTEPHO ANA BENOTEHHOrO NatoTuna. Bupyc Bbi3bizan 100%-10 rbenb LbINAAT LWeCTUHEAENbHOrO BO3pacTa npy
0panbHOM 3apaeHuu, a Takxe 100%-il nafex BCero KOHTAKTHOr0 MONIOAHAKA, BKNIOUAA COAEPKALLMXCA B KIIETKAX HA OTAANEHNUH, UTO [10KA3bIBAET BbICOKMA
YPOBEHb MATOreHHOCTH 1 KOHTArMo3HOCTM BbIAENIEHHOTO M301ATa U €ro CNOCOBHOCTb PACMPOCTPAHATBCA HE TONIbKO GEKanbHO-0PaNlbHbIM, HO 11 3PO30/bHbIM
nyTem. [i16enb MblLLEil NPY MHTPaHA3aNbHOM 3apaXEeHIM BLICOKUMI 103aMM He Habntoaanac.
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um. M. . Yymakosa PAH» (IHcTuTyT nonnomuenura).
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INTRODUCTION

Newcastle disease virus (NDV), or Avian orthoavulavi-
rus 1 (AOAV-1), belongs to extensive Paramixoviridae fam-
ily, Avulavirinae subfamily, its representatives cause avian
diseases of various severity [1]. NDV affects more than
240 wild and domestic avian species and is an enveloped
negative-sense single-stranded RNA virus. The genome is
not segmented and is about 15,000 bases long, divided by
conservative non-coding regions into six genes in 3’-NP-P-
M-F-HN-L-5’sequence encoding eight proteins [2, 3].

One of the key factors that influence NDV pathoge-
nicity is the number of basic acids in the F protein cleav-
age site [4]. Low pathogenic virus strains have sequence
100°GGGR(K)QGRLIG, , in the proteolytic site and can
be cleaved only by extracellular trypsin-like proteases.
The motif of highly pathogenic NDV strains has several
basic amino acids (lysine or arginine) and phenylalanine
at amino acid position 117: | SGGRRQ(K/R)RF(V/I)G, ..
The protein of such a virus is able to transform into an ac-
tive form with the help of furin-like proteases present in
all body cells. This virus causes a generalized infection [5].

Phylogenetically, NDV is divided into 2 classes, Class |
includes only one genotype and is represented mainly
by apatogenic strains isolated from wild and domesticated
birds [6]. Class Il is divided into 21 genotypes and includes
strains of different virulence affecting a wide range of
hosts [7]. The class representatives are spread worldwide
and have regularly induced epizooties.

NDV poses a serious threat to poultry. The mortality
rate in the infected chickens can reach 100%. According
to the pathogenicity for chickens, NDV can be lentoge-
nic (low pathogenic), mesogenic (causing moderate
disease in adult chickens and death in young birds) and
velogenic (highly pathogenic for chickens of all ages) [3].

The virus may spread due to trade in poultry and
poultry products, as well as during movement of workers
from the infected poultry farms and during transporta-

tion [8]. Migration of wild birds is another way of the virus
spread [9, 10]. Although most apatogenic NDV isolates
recovered from wild birds do not pose a serious threat
to chickens, a mutation accumulation increases the virus
pathogenicity [11].

The aim of this research is to conduct a molecular
and phylogenetic analysis of the Newcastle disease virus
isolated from the chicken pathological material taken in
one of the backyards located in the Moscow Region, to
determine its pathotype; to study its pathogenicity and
contagiousness.

MATERIALS AND METHODS

Reagents. MycoKill AB (PAA Laboratories GmbH,
Austria); mini-kit for RNA virus isolation QlAamp Viral RNA
Mini Kit (QIAGEN, Germany); set of reagents for reverse
transcription MMLV RT kit, random decanucleotide primer,
set of reagents Tersus Plus PCR kit, nuclease-free water,
DNA markers and TAE buffer (Eurogen, Russia); ribonucle-
ase inhibitor (Syntol, Russia); set reagents for sequencing
ABI PRISM® BigDye™ Terminator v3.1 (ThermoFisher Sci-
entific Inc,, USA).

Virus isolation. Lung and kidney samples from dead
chickens were used to isolate the virus. Tissue fragments
were rubbed with fine glass powder; a fourfold phosphate
buffered saline (PBS) solution was added containing
0.4 mg/mL gentamicin, 0.1 mg/mL kanamycin, 0.01 mg/mL
nystatin and 2% MycoKill AB solution. The suspension
was centrifuged for 10 min at 4,000 rpm, and 0.2 mL of
the supernatant was inoculated through allantoic cav-
ity into 10-day-old developing chicken embryos (DCE).
Incubation lasted 72 hours at 37 °C; embryo death was
controlled twice a day. Then, virus-containing allantoic flu-
id (VAF) was collected and tested in the hemagglutination
test (HA test) using a 1% suspension of chicken erythro-
cytes according to the generally accepted method [12].
The amount of virus was expressed in hemagglutinating
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units. The 50% infectious dose (EID, ) was determined by
titration in developing chicken embryos.

RNA extraction, cDNA synthesis and sequencing. The viral
RNA was extracted from virus-containing allantoic fluids
using QlAamp Viral RNA Mini Kit (QIAGEN, Germany) ac-
cording to the manufacturer’s instructions. The reverse
transcription was carried out using a set of reagents MMLV
RT kit (Eurogen, Russia) in presence of a random decanu-
cleotide primer. The polymerase chain reaction (PCR) was
carried out in a volume of 25 pL using a set of reagents
Tersus Plus PCR Kit (Eurogen, Russia): sterile water for
PCR - 17.5 uL; 10x Tersus Plus buffer — 2.5 uL; 50x dNTP
mixture — 0.5 uL; direct primer fFapmv2 (10 pumol) — 1 uL;
reverse primer rfapmv2 (10 umol) - 1 pL, cDNA - 2 puL;
50x% Tersus polymerase - 0.5 pL. Oligonucleotides used in
the work: fFapmv2 (ATGGGCTCCAGACCTTCTAC); rFapmv2
(CTGCCACTGCTAGTTGCGATAATCC); fNPapmv (GGTAT-
TCTGTCTTCGGATTG); rNPapmv (TCATCCGATATAAACG-
CAT). The PCR products were analysed by 2% agarose gel
electrophoresis in a tris-acetate buffer. PCR fragments of
about 500 bp were cut out for clean-up from the gel using
the Qiagen MinElute Gel Extraction Kit (QIAGEN, Germa-
ny) according to the manufacturer’s instructions. The nu-
cleotide sequences of PCR fragments were determined
using ABI PRISM® BigDye™ Terminator v3.1 reagent kit
(ThermoFisher Scientific, USA), followed by PCR product
analysis on the ABI PRISM 3130 sequencer (ThermoFisher
Scientific, USA). The resulting chromatograms were ana-
lyzed using SnapGene Viewer program’.

Phylogenetic analysis. All the sequences were down-
loaded from the GenBank database?. The sequences
were processed using BioEdit 7.2° and MEGA X* [13, 14].
BEAST v1.10.4 software was used to perform a Bayesian
Markov Chain Monte Carlo-based phylogenetic analy-
sis (MCMC) of the nucleotide sequences (n = 150) using
the General Time Reversible (GTR) model [15]. The iTOL v6°
online service was used to visualize and annotate the tree.
Genotype was identified using phylogenetic topology.

Determination of the virus pathotype. The virus patho-
type was determined by the mean death time (MDT)
method. 0.2 mL of 10-fold dilutions of fresh VAF on PBS
(from 1073 to 107’) were inoculated into the allantoic cavi-
ties of 9-day developing chicken embryos. After that, they
were incubated for five days at 37 °C, checked 2 times
a day to control embryo death. MDT was calculated as
the mean death time of an embryo infected with a mini-
mum lethal dose. If MDT is up to 60 hours, the virus patho-
type is defined as velogenic, from 60-90 — as mesogenic,
more than 90 - as lentogenic.

Analysis of pathogenicity and contagiousness of the virus
for chickens. 6-week-old Leghorn chickens were infected
orally, with the virus added to the drinking bowl. Virus-free
fresh allantoic fluid was added into the drinking bow! for
the control and contact groups. Each group included
5 chickens; the groups were initially put into separate
cages. The chickens were daily examined for 10 days after
infection.

Analysis of the virus pathogenicity for mice. BALB/c mice
weighing 10-12 g were infected intranasally (under light
ether anesthesia) with 50 uL containing doses from 103
to 10°EID, /mouse. A group of 5-6 mice was infected with
each viral dose. The control group received virus-free al-
lantoic fluid diluted with saline solution. Survival rate
and mice weight were recorded within 15 days after in-
fection.

Ethical status. Animal experiments were conducted in
accordance with the “European Convention for the Pro-
tection of Vertebrate Animals Used for Experimental and
Other Scientific Purposes (Strasbourg, March 18, 1986)"°.
The Ethics Committee of the FSASI “Chumakov FSC R&D
IBP RAS” (Institute of Poliomyelitis), Resolution No. 4 of
December 2, 2014, approved the experiment design. All
measures were taken to reduce the suffering of animals.

RESULTS AND DISCUSSION

In late August 2022, mass death was reported in chick-
ens in the Moscow region (urban district Chernogolovka,
settlement Starki). Pathological material from the dead
birds was sent for laboratory tests to the (FSASI“Chuma-
kov FSC R&D IBP RAS” (Institute of Poliomyelitis). Lung
and kidney tissue suspensions were inoculated into 10-
day DCE through allantoic cavities. Newcastle disease
virus was detected in all HA-positive VAF samples tested
in RT-PCR. The isolate was named as NDV/chicken/Mos-
cow/6081/2022.

Molecular and phylogenetic analysis. While studying
the isolate, 438 bp F gene fragment (which includes
a site encoding the F protein proteolytic sites) was ampli-
fied and sequenced. The obtained nucleotide sequence
was analyzed using the Basic Local Alignment Search
Tool (BLAST)” and the analysis showed that NDV/chicken/
Moscow/6081/2022 isolate is most closely related to the
viruses recovered in Iran from chickens in 2011-2013
(similarity is 97.03-97.48% with the first five sequen-
ces). Several basic amino acid residues (arginine/lysine)
with | 'SGGRRQKRFIG,,, motif were detected in F protein
proteolytic site of the studied virus, as demonstrated
by the obtained sequence. This sequence is specific for
virulent strains based on the criteria used by the World
Organisation for Animal Health to assess the virulence
of NDV isolates [12].

Additionally, nucleotide sequence of the NP gene en-
coding the nucleocapsid protein (697 bp) was obtained.
This gene may also indirectly affect NDV virulence. Thus,
nucleotides 546 and 555 are different for lentogenic
and velogenic strains [16]. According to the sequencing
results, positions 546 and 555 in NP gene of the recov-
ered isolate correspond to the velogenic variant (two
thymines (T) in positions 546 and 555). Both sequences
were uploaded to the GenBank database under num-
bers 0Q190211 and 0Q190212.

For phylogenetic analysis, a sample was taken
from representative sequences of each genotype
of Class Il (n = 125) [7]. The sample was combined with

' SnapGene Viewer. Available at: https://www.snapgene.com/
snapgene-viewer.

2 GenBank. Available at: https://www.ncbi.nlm.nih.gov/genbank.
® BioEdit. Available at: https://bioedit.software.informer.com.

4 MEGA X. Available at: https://www.megasoftware.net.

*iTOL. Available at: https://itol.embl.de.

5The European Convention for the Protection of Vertebrate Animals
used for Experimental and other Scientific Purposes (Strasbourg,
March 18, 1986). Available at: rm.coe.int>168007a67b.

7 BLAST. Available at: https://blast.ncbi.nim.nih.gov/Blast.cgi.
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the sequence of F gene fragment of the Moscow isolate
and a sample from 24 most closely related viruses identi-
fied in BLAST. Phylogenetic analysis of the F gene fragment
showed that NDV/chicken/Moscow/6081/2022 isolate be-
longs to Genotype VI, Class Il (Fig. 1).

Genotype VIl of Class Il originated in Asia presumably in
the 1980s and is now widespread in Eurasia and Africa; it is
as well recorded in South America [17-19]. The virus was
the cause of Newcastle disease Fourth Panzootic, which
has been ongoing since the 1980s [9]. The genotype in-
cludes only velogenic NDV strains that cause high mor-
tality in birds [20].

Determination of pathogenicity and contagiousness
of NDV/chicken/Moscow/6081/2022 isolate for chickens.
It was found that MDT for 9-day-old DCE is 52 hours, which
corresponds to the velogenic type (up to 60 hours).

To study the isolate contagiousness, three groups of five
6-week-old chickens were formed. To infect the birds of
Group 1, 10® EID, of NDV/chicken/Moscow/6081/2022 vi-
rus were added to the drinking bowl. The next day, the in-
fected chickens were put into a cage of Group 2. Cage No. 1
was removed and disinfected. The chickens from Group 3
were in Cage 3, located two meters away from Cages 1
and 2, so that to exclude contamination with feed par-
ticles and faeces, however, air and fine dust circulation
between the cages was possible. The death dynamics in
infected and contact birds is shown in Figure 2. All the in-
fected chickens died by Day 5, contact birds from Group 2
died on Day 6, and in Group 3 chickens fell ill on Days 6
and 7, after that all the birds died by Day 10. NDV/chicken/
Moscow/6081/2022 virus was detected in the organs of
the dead birds using PCR.

Thus, contact chickens (Group 2) caught the disease
from the infected ones almost immediately. The death of
chickens from Group 3, who did not come into a direct
contact with the sick ones, may be explained by the fact
that at some point one of the chickens became infected
through airborne droplets, thus causing the infection
spread and rapid death of the entire group. The experi-
ment results demonstrate a very high pathogenicity and
contagiousness of NDV/chicken/Moscow/6081/2022
isolate and show that the birds are infected not only by
fecal-oral route, but also through the air.

Pathogenicity of the virus for mice. Avulavirinae rep-
resentatives, as a rule, are non-pathogenic to mammals.
However, given the exceptionally high pathogenicity and
contagiousness of NDV/chicken/Moscow/6081/2022 iso-
late for chickens, it was decided to make sure that it is safe
for mammals.

The weight change dynamics in mice infected
intranasally with NDV/chicken/Moscow/6081/2022 is
shown in Figure 3. Groups 1, 2, 3 and 4 were infected at
doses of 10% 10% 10° and 10° EID, /mouse, respectively.
The control group was given placebo (virus-free allantoic
fluid, diluted with saline solution). Survival rate and mice
weight were recorded within 12 days after infection. No
mice died during the experiment. Figure 3 shows that
groups infected with high viral doses slightly became
slightly underweight on Days 2-5 after infection, but by
Day 12 almost all the mice were healthy.

Thus, NDV/chicken/Moscow/6081/2022 isolate of
Newcastle disease virus is practically not pathogenic for
mice, despite its very high pathogenicity for chickens.

w—Group 1

Group 2

-Group 3

number of live chickens

0 1 2 3 4 5 6 7 8 9 10
day post infection

Fig. 2. Dynamics of death in infected and contact chickens

145 == Group 1

14.0

135 = Group 2

130
o—Group 3

120
Group 4

average weight, grams

115

110 == Control

105

day post infection

Fig. 3. Dynamics of the mouse weight changes upon infection
with NDV/chicken/Moscow/6081/2022

CONCLUSION

In August 2022, all chickens died in one of the back-
yards of the Moscow region shortly after the first disease
symptoms appeared. Newcastle disease virus was detec-
ted in the dead bird tissues. Laboratory tests showed high
pathogenicity of the isolate for chickens and no pathoge-
nicity for mice.

Molecular analysis together with the MDT test helped
to check several factors indicating how NDV/chicken/Mos-
cow/6081/2022 isolate is related to velogenic NDV: presence
of a polybasic proteolytic site in F fusion protein, presence of
two amino acids in NP nucleocapsid protein, which is typical
for highly pathogenic NDV, MDT up to 60 hours.

The phylogenetically isolated virus belongs to Geno-
type VII, Class II. This genotype belongs to the “late” ones
(emerged after the 1960s) and includes viruses of the velo-
genic pathotype only. Most current outbreaks in chickens
in Asia and the Middle East are associated with this par-
ticular virus [21]. Its widespread is partly explained by
the fact that the strains related to this genotype are able
to spread in poultry vaccinated with popular commercial
vaccines [20].

In the Russian Federation, NDV poses a potential
economic threat to the poultry industry. As the Rossel-
khoznadzor data show, more than 25 outbreaks of New-
castle disease have been registered in various regions of
the country since 20198, Serological data show an increase

8 Rosselkhoznadzor. Available at: https://fsvps.gov.ru/ru. (in Russ.)
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in the number of immune wild birds and non-vaccinated
domestic ducks after 2017 [22-25]. To control the virus
spread, it is required to continue monitoring, as well as to
timely vaccinate poultry in backyards [26, 27].
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