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Abstract

:

Simple Summary


An outbreak of Newcastle disease viruses AAvV-1 subgenotype VII.1 was described in the Moscow region of Russia in 2022. The outbreak occurred on a private backyard farm located far from other poultry farms. The virus was extremely pathogenic and contagious in chicken, while it was virtually harmless to mice. The epidemic situation of Paramyxovirus in Russia is discussed.




Abstract


In August 2022 on a backyard farm in the Moscow region of Russia, mortality was observed among chickens, and all 45 birds of a particular farm died or were slaughtered after the onset of symptoms within a few days. Paramyxovirus was isolated from the diseased birds. Based on the nucleotide sequences of the F and NP gene fragments, it was determined that the virus belonged to subgenotype VII.1 AAvV-1 class II. The cleavage site of the F gene 109SGGRRQKRFIG119 and T in 546 and 555 position of the NP gene were typical for the velogenic type. The genetically closest NDV isolates were found in Iran. The mean time of death of 10-day-old chicken embryos upon infection with the minimal infectious dose was 52 h, which is typical for the velogenic pathotype. The virus caused 100% death of six-week-old chickens during oral infection as well as 100% mortality of all contact chickens, including those located in remote cages, which proves the ability of the virus to spread not only by the fecal–oral route but also by the aerosol route. That demonstrates a high level of pathogenicity and contagiousness of the isolated strain for chicken. However, mice intranasally infected with high doses of the virus did not die.
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1. Introduction


Paramyxoviruses (family Paramyxoviridae) have a wide host range, including mammals and birds. Avian viruses of the subfamily Avulavirinae (AAvV) consist of 22 serotypes [1]. More than 200 species of wild birds belonging to 27 orders are the natural reservoir of Avulavirinae. Seasonal migrations of wild birds contribute to the widespread distribution of the pathogen, and transmission and spread of the virus is possible both within the same species and between species. The best known among them are viruses of the first serotype, the so-called Newcastle disease viruses (NDVs), which have caused panzootics five times, the last of which is still ongoing. Newcastle disease is a highly contagious disease that causes incalculable economic losses and poses a serious threat to the poultry industry worldwide. The uncontrolled live bird trade and live bird markets are important sources for the spread of dangerous viruses, including both NDV and highly pathogenic avian influenza viruses [2].



The current classification of NDV is based on the F fusion protein gene. NDVs are divided into two classes (class I and class II). Class I includes generally low-virulence strains isolated from wild waterfowl, and class II includes viruses of both low and high virulence isolated from domestic and wild birds.



The genome of Paramyxoviruses is single-stranded RNA with negative polarity, meaning it is complementary to the mRNA encoding viral proteins. The genome encodes the viral products: nucleoprotein (NP), phosphoprotein (P), matrix (M), fusion (F), hemagglutinin-neuraminidase (HN), and RNA polymerase (L). During transcription of the P gene, two more proteins are synthesized—the V protein and the W protein. Antibodies to surface proteins HN and F are neutralizing and represent the primary protective component induced by Newcastle disease (ND) vaccines.



By pathogenicity for chickens, NDVs are divided into apathogenic (avirulent), weakly virulent (lentogenic), medium virulent (mesogenic), and highly virulent (velogenic). Velogenic strains are subdivided into viscerotropic and neuroptropic pathotypes based on tissue tropism. Low-pathogenic strains usually replicate in a limited range of tissues, such as the respiratory tract and intestines. Velogenic NDVs in contrast, have acquired the ability to spread throughout the body and cause respiratory diseases with diarrhoea and nervous manifestations. In poultry, the virus is transmitted primarily through the respiratory route.



The pathogenicity of the virus is largely determined by the structure of the cleavage site of the fusion protein. Initially, the F protein is synthesized as an inactive F0 protein, which is subsequently cleaved into F1 and F2 subunits by host proteases. Low-pathogenic viruses have a 109SGGGR(K)QGRLIG119 cleavage site. The F protein of such viruses can only be cleaved by extracellular trypsin-like proteases of the respiratory and gastrointestinal tracts. In highly pathogenic viruses, the site of proteolysis has several basic amino acids (lysine or arginine) and phenylalanine at amino acid position 117 of 109SGGRRQ(K/R)RF(V/I)G119. Cleavage of the F0 protein at this site is possible by furin-like proteases present in all cells of the body. Such viruses cause a generalized infection. Pathological manifestations of genotype VII class 2 NDV infection in birds include multi-organ hemorrhage, neurological symptoms, and death [3].



Non-pathogenic AAvVs have been described by many researchers who have studied avian influenza viruses because they occur in the same hosts and are isolated in a similar manner. Pathogenic NDVs have been isolated from poultry and pigeons. Outbreaks of NDVs mostly occur in developing countries, affecting both commercial and backyard flocks.



Figure 1 shows the cases of AAvV isolation in Eurasia and Africa described in recent years in the literature referred by Pubmed accessed on 22 November 2022 (https://pubmed.ncbi.nlm.nih.gov). The serotypes, classes, and genotypes as well as the year of isolation and the source of isolation are indicated: wild birds (W), pigeons (Pi), and poultry (Ch). If the pathogenicity of the virus was established in the cited work, then it is indicated by color: red indicates pathogenic isolates and green indicates non-pathogenic isolates [4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24,25,26,27,28,29,30,31,32,33,34,35,36,37,38,39,40,41,42,43,44,45,46,47,48,49,50,51,52,53,54,55,56,57,58,59,60,61,62,63,64,65,66,67,68,69,70,71,72].



AAvVs are widely distributed around the world. With the exception of exotic serotypes 17, 18, and 19 isolated from Antarctic penguins, related viruses have been found on all continents, both in the western and eastern hemispheres.



A total of 57 APMV isolates belonging to species AAvV-1, AAvV-2, AAvV-4, AAv -6, AAvV-12, AAvV-21, and AAvV-22 were isolated from wild birds and domestic poultry during 2009–2020 in Taiwan. Some Taiwanese wild bird AAvV -1 and AAvV -4 viruses have been introduced from North America. An NDV of sub-genotype VI.2.1.1.2.2 was isolated from pigeons, and an NDV of sub-genotype VII.1.1 was isolated from domestic chicken. The F cleavage sites of these viruses were 112(K/R)RQKR↓F117 and 112RRKKR↓F117, respectively. The chicken virus was related to viruses that caused the Newcastle disease epidemic in Taiwan. The pathogenicity status of these viruses was not reported in this study [25].



Over the past 10 years, numerous cases of isolation of pathogenic NDVs have been described in African countries, Iran, Pakistan, Kazakhstan, India, China, Bangladesh, and Malaysia. Subgenotypes VI, VII, and XIII dominated among pathogenic NDV, and subgenotypes XXI and XVIII also occurred.



At the same time, in Europe and Japan only apathogenic AAvVs 1, 4, 6, 7, 12, 14, 21, and 22 serotypes have been detected. Apathogenic AAvVs 1, 4, and 6 serotypes have been described in Russia. Also in Russia, pathogenic NDV XXI, VI, and 1.II VII genotypes were isolated from pigeons, but the last of these cases dates back to 2011.



The lack of registration of pathogenic NDVs in the developed countries of Europe and Asia is possibly due to industrial poultry farming and a well-established system of control and vaccination. However, in Russia, there are many small backyard flocks where vaccination of poultry is not carried out. This makes possible the penetration of pathogenic NDVs into Russia. In this paper, we describe a case of a local outbreak of NDV in the Moscow region in 2022.




2. Materials and Methods


2.1. Reagents


MycoKill AB was from PAA Laboratories GmbH, Pasching, Austria. Viral RNA Mini Kit was from QIAGEN, Hilden, Germany. MMLV Reverse Transcription kit, nuclease-free water, random primers, TAE buffer, and DNA Ladder were from Evrogen, Moscow, Russia. Ribonuclease inhibitor was from Syntol, Moscow, Russia. Sequencing Reagent Kit ABI PRISM® BigDye™ Terminator v. 3.1 were from ThermoFisher Scientific, Waltham, MA, USA.




2.2. Animals


Ten-day-old embryonated chicken eggs (CE) were purchased from the Ptichnoye State Poultry Farm, Moscow, Russia. Leghorn chickens aged 40–45 days without antibodies to NDV, obtained from a poultry farm free from infectious avian diseases were used. (Poultry farm Tomilinskaya, Moscow, Russia). Two-month-old BALB/c mice were from the Lesnoye farm, Moscow, Russia. All tests were carried out in compliance with the standard for keeping and care of laboratory animals GOST 33215-2014, adopted by the Interstate Council for Standardization, Metrology and Certification as well as in accordance with the requirements of Directive 2010/63/EU of the European Parliament and of the Council of the European Union of 22 September 2010 on the protection of animals used for scientific purposes. All experiments involving work with live viruses were carried out in a biosafety level 3 facility.




2.3. Isolation of the Virus


Lung and kidney samples from diseased and slaughtered chickens were used to isolate the virus. A solution of kanamycin (0. 01 mg/mL), nystatin (0.1 mg/mL), gentamicin (0.4 mg/mL), and 2% MycoKill AB in phosphate-buffered saline (PBS) was prepared. Then, 0.5 g of tissue samples were triturated with fine glass, and 2 mL of antibiotics solution was added. The suspensions were centrifuged, and the supernatants were inoculated into CE. The eggs were examined twice a day and transferred to the refrigerator after the death of the embryo. A hemagglutination assay with 1% chicken erythrocytes was carried out with all collected allantoic fluid, and the amount of virus was expressed in hemagglutination units. The infected allantoic fluid (IAF) was aliquoted, frozen, and used in subsequent work. The 50% infectious dose (EID50) in the samples was determined by CE titration. Protocols for virus isolation and titration followed OIE standards [73].




2.4. Sequencing and Phylogenetic Analysis


The viral RNA was extracted from IAF using QIAamp Viral RNA Mini Kit (QIAGEN, Hilden, Germany) following the manufacturer’s instructions. The reverse transcription reaction was carried out using the MMLV RT kit (Evrogen, Moscow, Russia) in the presence of a random decanucleotide primer. Polymerase chain reaction was carried out with the Tersus Plus PCR Kit (Evrogen, Moscow, Russia) in a volume of 25 µL, where the following components were used: sterile water for PCR—17.5 µL; 10× Tersus Plus buffer—2.5 µL; 50× dNTP mix—0.5 µL; forward primer fFapmv2 (10 μM)—1 μL; reverse primer rFapmv2 (10 µM)—1 µL, cDNA—2 µL; and 50× Tersus polymerase—0.5 µL. Oligonucleotides used in the work: fFapmv2-(ATGGGCTCCAGACCTTCTAC); rFapmv2-(CTGCCACTGCTAGTTGCGATAATCC); fNPapmv-(GGTATTCTGTCTTCGGATTG); and rNPapmv-(TCATCCGATATAAACGCAT). The nucleotide sequence of the gene fragments were obtained by Sanger sequencing on an ABI PRISM 3130 Genetic Analyzer (Applied Biosystems, ThermoFisher Scientific, Waltham, MA, USA) using an ABI PRISM® BigDye™ Terminator v. 3.1 (ThermoFisher Scientific, Waltham, MA, USA). Analysis of the PCR results was performed by electrophoresis in a 2% agarose gel in Tris-acetate buffer. PCR fragments about 500 bp were excised for gel purification with the Qiagen MinElute Gel Extraction Kit (QIAGEN, Hilden, Germany) according to the manufacturer’s instructions. The complete F gene coding nucleotide sequences of class II NDV isolates were downloaded from GenBank of the National Center for Biotechnology Information accessed on 3 October 2022 (https://www.ncbi.nlm.nih.gov/genbank/). Sequence processing was performed using BioEdit 7.2. and MEGA X (https://bioedit.software.informer.com/, accessed on 3 October 2022) and (https://www.megasoftware.net/, accessed on 3 October 2022). All nucleotide sequences were aligned using the MUSCULE algorithm and cut in the reading frame. Maximum-likelihood trees based on a general time-reversible (GTR) model were constructed by using the BEAST software package (1.10.4). Analysis was run over 10,000,000 generations, and trees were sampled every 1000 generations, resulting in 10,000 trees. The iTOL v6 online service (https://itol.embl.de/, accessed on 3 October 2022) was used to visualize and annotate the tree. Genotype identification was carried out on the basis of phylogenetic topology.




2.5. Mean Death Time (MDT) Assays


A 10-fold serial dilution of fresh IAF in sterile PBS was performed. Then, 0.1 mL of each dilution was inoculated into five 10-day-old chicken embryos. The eggs were incubated at 36 °C and were observed three times a day for 5 days. The times of any embryo death were recorded. The highest virus dilution that caused 100% mortality was considered as the minimum lethal dose. The MDT was the mean time for the minimum lethal dose to kill all the inoculated embryos.




2.6. Analysis of the Pathogenicity and Contagiousness of the Virus in Chicken


Three groups of five six-week-old chickens were formed. Then, 108 EID50 of the NDV6081virus was added into the drinker of the first group. The next day, the chickens of the first group were placed together with the chickens of the second group. The chickens of the third group were kept in a cage located two meters from cages with infected birds.




2.7. Analysis of the Pathogenicity of the Virus in Mice


Groups of six BALB/c mice were anesthetized and inoculated intranasally with placebo or diluted IAF in a volume of 50 µL with doses of 103, 104, 105, and 106 EID50 per mouse. Survival and body weight of mice were monitored daily.




2.8. Ethics Statement


A total of 30 chickens and 60 mice were used in the study. All experiments were performed in accordance with the (European Convention for the Protection of Vertebrate Animals used for Experimental and Other Scientific Purposes, Strasbourg, 18 March 1986). All necessary measures were taken to alleviate the suffering of animals. The study design was approved by the Ethics Committee of the Chumakov Federal scientific center for the research and development of immune-and-biological products, Moscow, Russia. (Approval #4 from 2 December 2014)





3. Results


In August 2022, on a backyard farm in the Moscow region of Russia, the Chernogolovka district, loss of chickens suddenly began. The poultry yard was located two kilometers from the nearest poultry farms. Chickens were not vaccinated against NDV. All 45 birds of this farm became diseased and died within a few days. Clinical signs of diseased chickens were the discharge of gray mucus from the nostrils and beak, sharp coughing sounds, depression, twisted head, and diarrhea. The chickens died 1–3 days after the onset of symptoms. At autopsy, extensive hemorrhages in the lungs and sharply enlarged kidneys were found. Lung and kidney tissue samples were taken from slaughtered birds for virus isolation. All chicken embryos inoculated with tissue samples died within 30 h. All IAFs were positive in the hemagglutination assay. The NDV virus was detected in all material samples by RT-PCR. The virus was named as NDV/Chicken/Moscow/6081/2022 (NDV6081). Fragments of fusion and NP genes were sequenced and used for genotyping. GenBank accession numbers are OQ190211 and OQ190212. The cleavage site of NDV6081 was 109SGGRRQKRFIG119, which is characteristic of pathogenic viruses.



Additionally, the nucleotide sequence of the NP gene fragment encoding the nucleocapsid protein (697 nt) was obtained. Positions 546 and 555 of the NDV6081 NP gene correspond to the velogenic variant (T at position 546 and T at position 555) [74].



3.1. Phylogenetic Analysis of the NDV/Chicken/Moscow/6081/2022


To construct an evolutionary tree, samples of the F gene sequences of each class 2 genotype (n = 125) and fragments of the F gene of the Moscow isolate and 24 nearest viruses identified by BLAST were used. Analysis of the phylogenetic relationships of the nucleotide sequences encoding the F gene of class II NDV isolates showed that the studied NDV6081 isolate belongs to the AAvV-1 genotype VII. The closest relatives are chicken viruses isolated in Iran in 2011–2013 (97.03–97.48% similarity) (numbers from GenBank KU201408-10, KU201413-15 and MZ463065), these viruses were included in one cluster with a posterior node probability of 0.98 (Figure 2). Additionally, these viruses were included in a larger cluster consisting of viruses isolated from Iran in 2012–2015. Since the date of isolation of viruses from Iran dates back 10 years before the isolation of NDV6081, it cannot be concluded whether the virus was brought into Russia directly from Iran or through an intermediate location.




3.2. Pathogenicity and Contagiousness of the NDV/Moscow/6081/2022 for Chickens


To determine the median time to death (MDT) of NDV6081, sets of 10-day-old chicken embryos were infected with infectious allantoic fluid at dilutions of 10−4, 10−5, 10−6, and 10−7. The eggs were observed three times a day, and the time of death was recorded. In the last set, some of the embryos survived. The median survival time in the set challenged with IAF at a dilution of 10−6, which was taken as the minimum infective dose, was 52 h. MDT 52 h corresponds to the velogenic type (up to 60 h).



To assess the pathogenicity of the NDV6081 for six-week-old chickens, three groups of five birds were formed: infected, direct contact, and remote contact. Chickens were housed in three cages in a biosafety level 3 facility. On day zero 108 EID50 of the NDV6081virus was added to the drinker of the first group (infected). After 5 h, the drinker was removed. The next day, the chickens of the infected group were transferred to the cage with the chickens of the direct contact group, and the first cage was removed for disinfection. The chickens of the remote contact group were kept in a distant cage located two meters from cages 1 and 2. The contamination by feed particles and feces were excluded, yet the airflow and the transfer of fine dust between the cages were possible.



The dynamics of the death of infected and contact chickens is shown in Table 1.



All infected chickens died by the fifth day, all chickens from direct contact group died on the sixth day, and the chickens of the remote contact group became diseased and began to die on day seven, after which they all died by the tenth day. The organs and feces of the chickens of remote contact group were examined for the presence of the virus. In all tested samples (in the brain, lungs, kidneys, intestines, and feces) the NDV was detected by PCR.



That is, with direct contact (keeping in one cage), chickens became infected almost immediately, while the death of chickens in a distant cage was probably determined by the infection of one of the chickens through the air flow, which initiated infection and rapid death of the whole group. The result of this experiment demonstrates the very high pathogenicity and contagiousness of NDV6081. Infection occurred not only by the fecal–oral route but also through fine dust.




3.3. Pathogenicity of the NDV/Moscow/6081/2022 for Mice


Groups of mice were infected with 103, 104, 105, and 106 EID50 per mouse, respectively. The control group received a placebo. Survival and weight of mice were recorded within 12 days after infection. No mice died during the experiment (Table 2). In groups infected with high doses of the virus, there was a slight lag in weight on the second to fifth day after infection. However, by day 12, all mice were practically healthy. Antibodies to NDV were found in the sera of infected mice. Thus, the NDV6081 virus was practically not pathogenic for mice, despite the very high pathogenicity for chickens.





4. Discussion


Avulavirus is widespread throughout the world, mainly causing asymptomatic infections in wild birds. However, Avulavirus of the first serotype, the so-called Newcastle disease virus, often become poultry viruses. Newcastle disease is a highly pathogenic and contagious disease that causes enormous losses to the poultry industry.



Thus, the NDV6081 virus was highly pathogenic for chickens. At the same time, it was practically not pathogenic for mice. This distinguishes NDV from highly pathogenic avian influenza viruses (HPAIV). In the latter, high pathogenicity for chickens usually correlates with increased pathogenicity for mammals. The HPAIVs are usually fatal in lab mice, ferrets, and farmed minks. They have also caused deadly disease outbreaks in tigers, marine mammals, and wild red foxes [75]. Outbreaks of H5N1 and H7 viruses were often accompanied by human illnesses, which were sometimes fatal.



On the other hand, there have been no reports of mammalian pathogenicity of avian Paramyxoviruses. This raises questions about the different mechanisms of host range and pathogenesis in NDV and HPAIV. In recent years, pathogenic strains of NDV genotype VII have been widely circulating in Africa and Asia [3]. There have been no registered cases of NDV of this subgenotype in industrial poultry farming in Russia up to 2018. In most countries, including the Russian Federation, vaccination of commercial poultry against NDV is mandatory [76]. According to the notifications of the Veterinary Service of the Russian Federation in industrial poultry farms of Russia, the Newcastle disease is classified as a controlled infection. However, NDV registration data comes from a limited number of regions in Russia, which creates a distorted picture of virus circulation in the country as a whole. The isolation of highly pathogenic NDV in the Moscow region raises the question of the circulation of these viruses in Russia. Was this an isolated case? How could the virus get to a remote backyard from other poultry farms? We do not have information on outbreaks of NDV in this region, but rumors had circulated among the residents about the death of chickens in nearby villages. We assume that the virus was introduced by wild birds, most likely jays and magpies, which fed freely along with chickens.



Although the literature cited in Pubmed does not contain data on the isolation of pathogenic NDV in Russia in recent years, information on this topic can be found in local journals. Despite regular preventive vaccination programs, the registration of new cases of the disease in poultry farms and among poultry occurs annually. In 2019, in the Russian Federation, there was a sharp increase in cases of Newcastle disease in birds with the spread of subgenotype VII-L virus throughout the country—from Primorsky Krai to Kursk Region. Many outbreaks were registered in disadvantaged areas (18 affected territories) where unvaccinated livestock were kept in the backyards of citizens. A total of 15 outbreaks of NDV were registered in 2022, and 3 outbreaks have already been registered in 2023. Comparison of the results of monitoring ND seroprevalence in wild birds in 2017 and 2019 showed a sharp increase in the proportion of immune birds. In 2017, antibodies to NDV were found in about 5% of birds tested, and they were found in 70–100% of birds in 2019, depending on the bird species. Also in 2019, serological monitoring revealed a high percentage of positive samples among domestic ducks that were not vaccinated against NDV [77,78].



ND still constitutes a potential threat to Russian poultry farming. The epizootic situation for Newcastle disease in Russia has been exacerbated in recent years, and there is a risk of repeated outbreaks, especially in the absence of routine vaccination. The aggravation of the epidemic situation in 2019 and the spread of genotype VII NDV throughout the Russian Federation raises the question of improving the practice of vaccinating chickens both in industrial poultry farming and in private backyards [76].




5. Conclusions


An outbreak of highly pathogenic AAvV-1 (Newcastle disease virus) was described in the Moscow region of Russia, in the summer of 2022. The outbreak was observed in a single backyard, located remote from other poultry farms. It is likely that the virus was introduced by wild birds. The virus was extremely pathogenic and contagious in chickens, while it was virtually harmless to mice.







Author Contributions


Conceptualization, A.T., A.R., E.B., E.S. and A.G.; investigation, A.T., A.R., E.B., E.S. and A.G.; sequencing A.T., A.R. and E.S.; writing, A.T. and A.G.; project administration, A.G. All authors have read and agreed to the published version of the manuscript.




Funding


The work was funded by Chumakov Federal Scientific Center for the Research and Development of Immune-and-Biological Products.




Institutional Review Board Statement


The study was conducted according to the guidelines of the European Convention for the Protection of Vertebrate Animals used for Experimental and Other Scientific Purposes, Strasbourg, 18 March 1986. The study design was approved by the Ethics Committee of the Chumakov Federal Scientific Center for the Research and Development of Immune-and-Biological Products, Village of Institute of Poliomyelitis, Settlement “Moskovskiy”, 108819 Moscow, Russia (Approval #4 from 2 December 2014).




Informed Consent Statement


Not applicable.




Data Availability Statement


The sequences from the study are available in GenBank (accession numbers OQ190211 and OQ190212). The data that support the findings are available from the corresponding author upon request.




Acknowledgments


We gratefully acknowledge all data contributors, i.e., the authors and their originating laboratories responsible for obtaining the specimens and their submitting laboratories for generating the genetic sequence and metadata and sharing via the Genebank, on which this research is based. We are grateful to the employees of the Federal Center for Animal Health (Vladimir, Moscow Region) T.V. Zhbanova, and V.N. Irza for a fruitful discussion.




Conflicts of Interest


The authors declare no conflict of interest. The funding entity had no role in the design of the study, in the collection of material, in the analyses or interpretation of data, in the writing of the manuscript, or in the decision to publish the results.




References


	



Rima, B.; Balkema-Buschmann, A.; Dundon, W.G.; Duprex, P.; Easton, A.; Fouchier, R.; Kurath, G.; Lamb, R.; Lee, B.; Rota, P.; et al. Consortium ICTV Virus Taxonomy Profile: Paramyxoviridae. J. Gen. Virol. 2019, 100, 1593–1594. [Google Scholar] [CrossRef] [PubMed]

	



Ross, C.S.; Mahmood, S.; Skinner, P.; Mayers, J.; Reid, S.M.; Hansen, R.D.E.; Banyard, A.C. JMM Profile: Avian paramyxovirus type-1 and Newcastle disease: A highly infectious vaccine-preventable viral disease of poultry with low zoonotic potential. J. Med. Microbiol. 2022, 71, 001489. [Google Scholar] [CrossRef] [PubMed]

	



Ganar, K.; Das, M.; Sinha, S. Kumar Newcastle disease virus: Current status and our understanding. Virus Res. 2014, 184, 71–81. [Google Scholar] [CrossRef] [PubMed]

	



Hejazi, Z.; Tabatabaeizadeh, S.E.; Toroghi, R.; Farzin, H.; Saffarian, P. First detection and characterisation of sub-genotype XIII.2.1 Newcastle disease virus isolated from backyard chickens in Iran. Vet. Med. Sci. 2022, 8, 2521–2531. [Google Scholar] [CrossRef] [PubMed]

	



Eid, A.A.M.; Hussein, A.; Hassanin, O.; Elbakrey, R.M.; Daines, R.; Sadeyen, J.R.; Abdien, H.M.F.; Chrzastek, K.; Iqbal, M. Newcastle Disease Genotype VII Prevalence in Poultry and Wild Birds in Egypt. Viruses 2022, 14, 2244. [Google Scholar] [CrossRef]

	



Zhang, Y.; Wang, W.; Li, Y.; Liu, J.; Wang, W.; Bai, J.; Yang, Z.; Liu, H.; Xiao, S. A pigeon paramyxovirus type 1 isolated from racing pigeon as an inactivated vaccine candidate provides effective protection. Poult. Sci. 2022, 101, 102097. [Google Scholar] [CrossRef]

	



Balam, D.; Doddamane, R.; Rayudu, R.P.; Isloor, S.; Belamaranahally, V.; Maddireddy, H.; Metta, M. Simultaneous detection of velogenic Newcastle disease virus of genotype XIII 2.2 from spot-billed pelican and backyard chicken: Implications to the viral maintenance and spread. Acta Virol. 2022, 66, 238–248. [Google Scholar] [CrossRef]

	



Awais, M.; Wajid, A.; Goraichuk, I.V.; Batool, A.; Rahim, A.; Anif, A.; Ahmed, N.; Yin, R. Surveillance and Assessment of Risk Factors for Newcastle Disease Virus from Live Bird Retail Stalls in Lahore District of Pakistan. Avian Dis. 2022, 66, 1–8. [Google Scholar] [CrossRef]

	



Sultan, S.; Eldamarany, N.M.I.; Abdelazeem, M.W.; Fahmy, H.A. Active Surveillance and Genetic Characterization of Prevalent Velogenic Newcastle Disease and Highly Pathogenic Avian Influenza H5N8 Viruses Among Migratory Wild Birds in Southern Egypt During 2015–2018. Food Environ. Virol. 2022, 14, 280–294. [Google Scholar] [CrossRef]

	



Abozaid, K.G.A.; Abdel-Moneim, A.S. Epidemiological surveillance of Newcastle disease virus in Egypt—A 6-year cohort study. Trop. Anim. Health Prod. 2022, 54, 243. [Google Scholar] [CrossRef]

	



Deka, P.; Nath, M.K.; Das, S.; Das, B.C.; Phukan, A.; Lahkar, D.; Bora, B.; Shokeen, K.; Kumar, A.; Deka, P. A study of risk factors associated with Newcastle disease and molecular characterization of genotype XIII Newcastle disease virus in backyard and commercial poultry in Assam, India. Res. Vet. Sci. 2022, 150, 122–130. [Google Scholar] [CrossRef]

	



Nooruzzaman, M.; Hossain, I.; Begum, J.A.; Moula, M.; Khaled, S.A.; Parvin, R.; Chowdhury, E.H.; Islam, M.R.; Diel, D.G.; Dimitrov, K.M. The First Report of a Virulent Newcastle Disease Virus of Genotype VII.2 Causing Outbreaks in Chickens in Bangladesh. Viruses 2022, 14, 2627. [Google Scholar] [CrossRef]

	



Nooruzzaman, M.; Barman, L.R.; Mumu, T.T.; Chowdhury, E.H.; Dimitrov, K.M.; Islam, M.R. A Pigeon-Derived Sub-Genotype XXI.1.2 Newcastle Disease Virus from Bangladesh Induces High Mortality in Chickens. Viruses 2021, 13, 1520. [Google Scholar] [CrossRef]

	



Karamendin, K.O.; Sayatov, M.K.; Kydyrmanov, A.I.; Kasymbekov, E.T.; Asanova, S.E.; Daulbayeva, K.D.; Khan, E.Y. Molecular-genetic characterization of Avian avulavirus 20 strains isolated from wild birds. Vopr. Virusol. 2019, 64, 185–192. [Google Scholar] [CrossRef]

	



Souley, M.M.; Issa Ibrahim, A.; Souley Kouato, B.; Abdou, A.; Issa, R.; Yaou, B.; Amadou, H.; Hama, H.; Adakal, H.; Abdou, N.; et al. Co-circulation of genotypes XIV.2 and XVIII.2 of avian paramyxovirus-1 (Newcastle disease virus) in backyard poultry in Niger. Virus Genes 2021, 57, 100–105. [Google Scholar] [CrossRef]

	



Mngumi, E.B.; Mpenda, F.N.; Buza, J. Epidemiology of Newcastle disease in poultry in Africa: Systematic review and meta-analysis. Trop. Anim. Health Prod. 2022, 54, 214. [Google Scholar] [CrossRef]

	



Zhan, T.; Lu, X.; He, D.; Gao, X.; Chen, Y.; Hu, Z.; Wang, X.; Hu, S.; Liu, X. Phylogenetic analysis and pathogenicity assessment of pigeon paramyxovirus type 1 circulating in China during 2007–2019. Transbound Emerg. Dis. 2022, 69, 2076–2088. [Google Scholar] [CrossRef]

	



Muzyka, D.; Pantin-Jackwood, M.; Stegniy, B.; Rula, O.; Bolotin, V.; Stegniy, A.; Gerilovych, A.; Shutchenko, P.; Stegniy, M.; Koshelev, V.; et al. Wild bird surveillance for avian paramyxoviruses in the Azov-black sea region of Ukraine (2006 to 2011) reveals epidemiological connections with Europe and Africa. Appl. Environ. Microbiol. 2014, 80, 5427–5438. [Google Scholar] [CrossRef]

	



Esmaeelzadeh-Dizaji, R.; Molouki, A.; Hosseini, H.; Fallah-Mehrabadi, M.H.; Ziafati-Kafi, Z.; Takalou, A.; Eram, N.; Kumar, N.; Ashuri, A.; Sadri, N.; et al. Molecular characterization of a pigeon paramyxovirus type 1 virus isolated from Eurasian collared doves in Iran, 2017. J. Vet. Sci. 2022, 23, e29. [Google Scholar] [CrossRef]

	



Esmaeelzadeh Dizaji, R.; Ghalyanchilangeroudi, A.; Vasfi Marandi, M.; Hosseini, H.; Karimi, V.; Ziafatikafi, Z.; Molouki, A.; Fallah Mehrabadi, M.H. Complete genome sequence of a subgenotype XXI.1.1 pigeon paramyxovirus type 1 virus (PPMV-1) isolated from Iran in 2018 and phylogenetic analysis of a possible novel, but unassigned, PPMV-1 group isolated in 2014. Comp. Immunol. Microbiol. Infect. Dis. 2020, 73, 101565. [Google Scholar] [CrossRef]

	



Karamendin, K.; Kydyrmanov, A.; Kasymbekov, Y.; Daulbayeva, K.; Khan, E.; Seidalina, A.; Sayatov, M.; Gavrilov, A.; Fereidouni, S. Cormorants as Potential Victims and Reservoirs of Velogenic Newcastle Disease Virus (Orthoavulavirus-1) in Central Asia. Avian Dis. 2019, 63, 599–605. [Google Scholar] [CrossRef] [PubMed]

	



Karamendin, K.; Kydyrmanov, A. Cormorants as a Potentially Important Reservoir and Carrier of Newcastle Disease Virus on the Asian Continent. Front. Vet. Sci. 2021, 8, 648091. [Google Scholar] [CrossRef] [PubMed]

	



Orynbayev, M.B.; Fereidouni, S.; Sansyzbai, A.R.; Seidakhmetova, B.A.; Strochkov, V.M.; Nametov, A.M.; Sadikaliyeva, S.O.; Nurgazieva, A.; Tabynov, K.K.; Rametov, N.M.; et al. Genetic diversity of avian avulavirus 1 (Newcastle disease virus genotypes VIg and VIIb) circulating in wild birds in Kazakhstan. Arch. Virol. 2018, 163, 1949–1954. [Google Scholar] [CrossRef] [PubMed]

	



Wanyana, A.; Mugimba, K.K.; Bosco, O.J.; Kirunda, H.; Nakavuma, J.L.; Teillaud, A.; Ducatez, M.F.; Byarugaba, D.K. Genotypic characterisation of Avian paramyxovirus type-1 viruses isolated from aquatic birds in Uganda. Onderstepoort J. Vet. Res. 2018, 85, e1–e7. [Google Scholar] [CrossRef] [PubMed]

	



Liu, Y.P.; Lee, F.; Cheng, M.C.; Chang, C.Y.; Chiou, C.J.; Tsai, H.J. Genetic diversity of avian paramyxoviruses isolated from wild birds and domestic poultry in Taiwan between 2009 and 2020. J. Vet. Med. Sci. 2022, 84, 378–389. [Google Scholar] [CrossRef]

	



Gaurav, S.; Deka, P.; Das, S.; Deka, P.; Hazarika, R.; Kakati, P.; Kumar, A.; Kumar, S. Isolation of genotype VII avian orthoavulavirus serotype 1 from barn owl from Northeast India. Avian Pathol. 2022, 51, 45–50. [Google Scholar] [CrossRef]

	



Twabela, A.T.; Nguyen, L.T.; Masumu, J.; Mpoyo, P.; Mpiana, S.; Sumbu, J.; Okamatsu, M.; Matsuno, K.; Isoda, N.; Zecchin, B.; et al. A New Variant Among Newcastle Disease Viruses Isolated in the Democratic Republic of the Congo in 2018 and 2019. Viruses 2021, 13, 151. [Google Scholar] [CrossRef]

	



Kariithi, H.M.; Ferreira, H.L.; Welch, C.N.; Ateya, L.O.; Apopo, A.A.; Zoller, R.; Volkening, J.D.; Williams-Coplin, D.; Parris, D.J.; Olivier, T.L.; et al. Surveillance and Genetic Characterization of Virulent Newcastle Disease Virus Subgenotype V.3 in Indigenous Chickens from Backyard Poultry Farms and Live Bird Markets in Kenya. Viruses 2021, 13, 103. [Google Scholar] [CrossRef]

	



Wajid, A.; Mayahi, V.; Yin, R.; Ain, Q.; Mohiuddin, A.; Khalid, F.; Rehim, A.; Manan, A.; Baksh, M. Genomic and biological characteristics of Avian Orthoavulavirus-1 strains isolated from multiple wild birds and backyard chickens in Pakistan. Trop. Anim. Health Prod. 2021, 53, 90. [Google Scholar] [CrossRef]

	



Turan, N.; Ozsemir, C.; Yilmaz, A.; Cizmecigil, U.Y.; Aydin, O.; Bamac, O.E.; Gurel, A.; Kutukcu, A.; Ozsemir, K.; Tali, H.E.; et al. Identification of Newcastle disease virus subgenotype VII.2 in wild birds in Turkey. BMC Vet. Res. 2020, 16, 277. [Google Scholar] [CrossRef]

	



Kgotlele, T.; Modise, B.; Nyange, J.F.; Thanda, C.; Cattoli, G.; Dundon, W.G. First molecular characterization of avian paramyxovirus-1 (Newcastle disease virus) in Botswana. Virus Genes 2020, 56, 646–650. [Google Scholar] [CrossRef]

	



Li, J.; Ling, M.; Sun, Y.; Di, H.; Cong, Y.; Yu, H.; Cong, Y. Characterization of Newcastle disease virus obtained from toco toucan. J. Vet. Sci. 2020, 21, e19. [Google Scholar] [CrossRef]

	



He, Y.; Lu, B.; Dimitrov, K.M.; Liang, J.; Chen, Z.; Zhao, W.; Qin, Y.; Duan, Q.; Zhou, Y.; Liu, L.; et al. Complete Genome Sequencing, Molecular Epidemiological, and Pathogenicity Analysis of Pigeon Paramyxoviruses Type 1 Isolated in Guangxi, China during 2012–2018. Viruses 2020, 12, 366. [Google Scholar] [CrossRef]

	



Liu, Y.P.; Kuo, S.T.; Chiou, C.J.; Terregino, C.; Tsai, H.J. Novel avian metaavulavirus isolated from birds of the family Columbidae in Taiwan. Vet. Microbiol. 2019, 236, 108377. [Google Scholar] [CrossRef]

	



Fei, Y.; Liu, X.; Mu, J.; Li, J.; Yu, X.; Chang, J.; Bi, Y.; Stoeger, T.; Wajid, A.; Muzyka, D.; et al. The Emergence of Avian Orthoavulavirus 13 in Wild Migratory Waterfowl in China Revealed the Existence of Diversified Trailer Region Sequences and HN Gene Lengths within this Serotype. Viruses 2019, 11, 646. [Google Scholar] [CrossRef]

	



Rahman, A.U.; Munir, M.; Shabbir, M.Z. A comparative genomic and evolutionary analysis of circulating strains of Avian avulavirus 1 in Pakistan. Mol. Genet. Genom. 2019, 294, 1289–1309. [Google Scholar] [CrossRef]

	



Yuan, X.; Meng, K.; Zhang, Y.; Yu, Z.; Wang, Y.; Ai, W. Genetic characterization of one duck-origin paramyxovirus type 4 strain in China. Transbound Emerg. Dis. 2019, 66, 2171–2174. [Google Scholar] [CrossRef]

	



Welch, C.N.; Shittu, I.; Abolnik, C.; Solomon, P.; Dimitrov, K.M.; Taylor, T.L.; Williams-Coplin, D.; Goraichuk, I.V.; Meseko, C.A.; Ibu, J.O.; et al. Genomic comparison of Newcastle disease viruses isolated in Nigeria between 2002 and 2015 reveals circulation of highly diverse genotypes and spillover into wild birds. Arch. Virol. 2019, 164, 2031–2047. [Google Scholar] [CrossRef]

	



Rahman, A.U.; Yaqub, T.; Imran, M.; Habib, M.; Sohail, T.; Shahid, M.F.; Munir, M.; Shabbir, M.Z. Phylogenomics and Infectious Potential of Avian Avulaviruses Species-Type 1 Isolated from Healthy Green-Winged Teal (Anas carolinensis) from a Wetland Sanctuary of Indus River. Avian Dis. 2018, 62, 404–415. [Google Scholar] [CrossRef]

	



Liu, H.; Wang, J.; Ge, S.; Lv, Y.; Li, Y.; Zheng, D.; Zhao, Y.; Castellan, D.; Wang, Z. Molecular characterization of new emerging sub-genotype VIIh Newcastle disease viruses in China. Virus Genes 2019, 55, 314–321. [Google Scholar] [CrossRef]

	



Chen, Y.; Ding, Z.; Liu, X.; Chen, J.; Li, J.; Fei, Y.; Liu, Z.; Stoeger, T.; Bi, Y.; Yin, R. Biological and phylogenetic characterization of a novel hemagglutination-negative avian avulavirus 6 isolated from wild waterfowl in China. Transbound Emerg. Dis. 2018, 65, 1421–1428. [Google Scholar] [CrossRef]

	



Sobolev, I.A.; Sharshov, K.; Yurchenko, K.; Korneev, D.; Glushchenko, A.; Alikina, T.; Kabilov, M.; Bi, Y.; Liu, W.; Gubanova, N.; et al. Characterization of avian paramyxovirus type 6 isolated from a Eurasian teal in the intersection of migratory flyways in Russia. Arch. Virol. 2016, 161, 3275–3279. [Google Scholar] [CrossRef] [PubMed]

	



Silko, N.; Glushchenko, A.V.; Shestopalova, L.V.; Iurchenko, K.S.; Korchagina, K.V.; Iushkov, I.; Shchelkanov, M.; Shestopalov, A.M. Biological properties of velogenic strains of the Newcastle disease virus isolated in the Northern Caucasian region. Vopr. Virusol. 2013, 58, 45–48. (in Russian). [Google Scholar]

	



Treshchalina, A.; Postnikova, Y.; Gambaryan, A.; Ishmukhametov, A.; Prilipov, A.; Sadykova, G.; Lomakina, N.; Boravleva, E. Monitoring of Avian Influenza Viruses and Paramyxoviruses in Ponds of Moscow and the Moscow Region. Viruses 2022, 14, 2624. [Google Scholar] [CrossRef] [PubMed]

	



El Naggar, R.F.; Rohaim, M.A.; Bazid, A.H.; Ahmed, K.A.; Hussein, H.A.; Munir, M. Biological characterization of wild-bird-origin avian avulavirus 1 and efficacy of currently applied vaccines against potential infection in commercial poultry. Arch. Virol. 2018, 163, 2743–2755. [Google Scholar] [CrossRef] [PubMed]

	



Syamsiah Aini, S.; Leow, B.L.; Faizul Fikri, M.Y.; Muhammad Redzwan, S.; Faizah Hanim, M.S. Identification of Newcastle Disease Virus sub-genotype VII 1.1 isolated from chickens in Sabah, Malaysia. Trop. Biomed. 2022, 39, 579–586. [Google Scholar] [CrossRef]

	



Sabouri, F.; Vasfi Marandi, M.; Bashashati, M. Characterization of a novel VIIl sub-genotype of Newcastle disease virus circulating in Iran. Avian Pathol. 2018, 47, 90–99. [Google Scholar] [CrossRef]

	



Jia, L.; Liang, B.; Wu, K.; Wang, R.; Liu, H.; Di, L.; Chen, Q. Circulation, genomic characteristics, and evolutionary dynamics of class I Newcastle disease virus in China. Virulence 2022, 13, 414–427. [Google Scholar] [CrossRef]

	



Gulyaeva, M.; Badmaeva, E.; Yurchenko, K.; Sharshov, I.; Sobolev, I.; Bi, Y.; Chen, J.; Shi, W.; Diulin, I.; Dorzhev, T.; et al. Monitoring of Potentially Emerging Pathogens in Wild Birds at Baikal Lake Basin in 2019. EcoHealth 2022, 19, 335–341. [Google Scholar] [CrossRef]

	



Choi, K.S.; Kim, J.Y.; Lee, H.J.; Jang, M.J.; Kwon, H.M.; Sung, H.W. Genetic Diversity of Avian Paramyxovirus Type 6 Isolated from Wild Ducks in the Republic of Korea. J. Wildl. Dis. 2018, 54, 558–563. [Google Scholar] [CrossRef]

	



Terregino, C.; Aldous, E.W.; Heidari, A.; Fuller, C.M.; De Nardi, R.; Manvell, R.J.; Beato, M.S.; Shell, W.M.; Monne, I.; Brown, I.H.; et al. Antigenic and genetic analyses of isolate APMV/wigeon/Italy/3920-1/2005 indicate that it represents a new avian paramyxovirus (APMV-12). Arch. Virol. 2013, 158, 2233–2243. [Google Scholar] [CrossRef]

	



Bui, V.N.; Mizutani, T.; Nguyen, T.H.; Trinh, D.Q.; Awad, S.S.; Minoungou, G.L.; Yamamoto, Y.; Nakamura, K.; Saito, K.; Watanabe, Y.; et al. Characterization of a genetic and antigenic variant of avian paramyxovirus 6 isolated from a migratory wild bird, the red-necked stint (Calidris ruficollis). Arch. Virol. 2014, 159, 3101–3105. [Google Scholar] [CrossRef]

	



Fei, Y.; Ding, Z.; Cong, Y.; Chen, J.; Yin, R. Novel avian orthoavulavirus 13 in wild migratory waterfowl: Biological and genetic considerations. Vet. Res. Commun. 2022, 46, 159–168. [Google Scholar] [CrossRef]

	



Yin, R.; Zhang, P.; Liu, X.; Chen, Y.; Tao, Z.; Ai, L.; Li, J.; Yang, Y.; Li, M.; Xue, C.; et al. Dispersal and Transmission of Avian Paramyxovirus Serotype 4 among Wild Birds and Domestic Poultry. Front. Cell. Infect. Microbiol. 2017, 7, 212. [Google Scholar] [CrossRef]

	



Thampaisarn, R.; Bui, V.N.; Trinh, D.Q.; Nagai, M.; Mizutani, T.; Omatsu, T.; Katayama, Y.; Gronsang, D.; Le, D.H.T.; Ogawa, H.; et al. Characterization of avian paramyxovirus serotype 14, a novel serotype, isolated from a duck fecal sample in Japan. Virus Res. 2017, 228, 46–57. [Google Scholar] [CrossRef]

	



Hussain, A.; Wajid, A.; Ather, S.; Alyas, K.; Awais, M.; Khan, M.R.; Hussain, T.; Babar, M.E. Isolation and genetic characterization of virulent strains of avian paramyxovirus-1 from multiple avian species in Azad Jammu and Kashmir 2017–2018. Braz. J. Microbiol. 2020, 51, 385–394. [Google Scholar] [CrossRef]

	



Sun, J.; Ai, H.; Chen, L.; Li, L.; Shi, Q.; Liu, T.; Zhao, R.; Zhang, C.; Han, Z.; Liu, S. Surveillance of Class I Newcastle Disease Virus at Live Bird Markets in China and Identification of Variants with Increased Virulence and Replication Capacity. J. Virol. 2022, 96, e0024122. [Google Scholar] [CrossRef]

	



Annaheim, D.; Vogler, B.R.; Sigrist, B.; Vögtlin, A.; Hüssy, D.; Breitler, C.; Hartnack, S.; Grund, C.; King, J.; Wolfrum, N.; et al. Screening of Healthy Feral Pigeons (Columba livia domestica) in the City of Zurich Reveals Continuous Circulation of Pigeon Paramyxovirus-1 and a Serious Threat of Transmission to Domestic Poultry. Microorganisms 2022, 10, 1656. [Google Scholar] [CrossRef]

	



Yu, X.; Luo, Y.; Wang, J.; Shu, B.; Jiang, W.; Liu, S.; Li, Y.; Li, J.; Hou, G.; Peng, C.; et al. A molecular, epidemiological and pathogenicity analysis of pigeon paramyxovirus type 1 viruses isolated from live bird markets in China in 2014–2021. Virus Res. 2022, 318, 198846. [Google Scholar] [CrossRef]

	



Mariappan, A.K.; Munusamy, P.; Kumar, D.; Latheef, S.K.; Singh, S.D.; Singh, R.; Dhama, K. Pathological and molecular investigation of velogenic viscerotropic Newcastle disease outbreak in a vaccinated chicken flocks. Virus Dis. 2018, 29, 180–191. [Google Scholar] [CrossRef]

	



Van Borm, S.; Rosseel, T.; Steensels, M.; van den Berg, T.; Lambrecht, B. What’s in a strain? Viral metagenomics identifies genetic variation and contaminating circoviruses in laboratory isolates of pigeon paramyxovirus type 1. Virus Res. 2013, 171, 186–193. [Google Scholar] [CrossRef] [PubMed]

	



Roohani, K.; Tan, S.W.; Yeap, S.K.; Ideris, A.; Bejo, M.H.; Omar, A.R. Characterisation of genotype VII Newcastle disease virus (NDV) isolated from NDV vaccinated chickens, and the efficacy of LaSota and recombinant genotype VII vaccines against challenge with velogenic NDV. J. Vet. Sci. 2015, 16, 447–457. [Google Scholar] [CrossRef] [PubMed]

	



Abd Elfatah, K.S.; Elabasy, M.A.; El-Khyate, F.; Elmahallawy, E.K.; Mosad, S.M.; El-Gohary, F.A.; Abdo, W.; Al-Brakati, A.; Seadawy, M.G.; Tahoon, A.E.; et al. Molecular Characterization of Velogenic Newcastle Disease Virus (Sub-Genotype VII.1.1) from Wild Birds, with Assessment of Its Pathogenicity in Susceptible Chickens. Animals 2021, 11, 505. [Google Scholar] [CrossRef] [PubMed]

	



Wille, M.; Avril, A.; Tolf, C.; Schager, A.; Larsson, S.; Borg, O.; Olsen, B.; Waldenström, J. Temporal dynamics, diversity, and interplay in three components of the virodiversity of a Mallard population: Influenza A virus, avian paramyxovirus and avian coronavirus. Infect. Genet. Evol. 2015, 29, 129–137. [Google Scholar] [CrossRef]

	



Tolf, C.; Wille, M.; Haidar, A.K.; Avril, A.; Zohari, S.; Waldenström, J. Prevalence of avian paramyxovirus type 1 in Mallards during autumn migration in the western Baltic Sea region. Virol. J. 2013, 10, 285. [Google Scholar] [CrossRef]

	



Snoeck, C.J.; Adeyanju, A.T.; Owoade, A.A.; Couacy-Hymann, E.; Alkali, B.R.; Ottosson, U.; Muller, C.P. Genetic diversity of newcastle disease virus in wild birds and pigeons in West Africa. Appl. Environ. Microbiol. 2013, 79, 7867–7874. [Google Scholar] [CrossRef]

	



Pchelkina, I.P.; Manin, T.B.; Kolosov, S.N.; Starov, S.K.; Andriyasov, A.V.; Chvala, I.A.; Drygin, V.V.; Yu, Q.; Miller, P.J.; Suarez, D.L. Characteristics of pigeon paramyxovirus serotype-1 isolates (PPMV-1) from the Russian Federation from 2001 to 2009. Avian Dis. 2013, 57, 2–7. [Google Scholar] [CrossRef]

	



Rezaei Far, A.; Peighambari, S.M.; Pourbakhsh, S.A.; Ashtari, A.; Soltani, M. Co-circulation of genetically distinct groups of avian paramyxovirus type 1 in pigeon Newcastle disease in Iran. Avian Pathol. 2017, 46, 36–43. [Google Scholar] [CrossRef]

	



Msoffe, P.L.M.; Chiwanga, G.H.; Cardona, C.J.; Miller, P.J.; Suarez, D.L. Isolation and Characterization of Newcastle Disease Virus from Live Bird Markets in Tanzania. Avian Dis. 2019, 63, 634–640. [Google Scholar] [CrossRef]

	



Glushchenko, A.V.; Yurchenko, K.S.; Yurlov, A.K.; Yushkov, Y.G.; Shchelkanov, M.Y.; Shestopalov, A.M. The role of wild birds in preservation and prevalence of avian paramyxovirus serotype 1(Newcastle Disease Viruses) in Siberia and Far East, Russia. South Russ. Ecol. Dev. 2016, 11, 50–58. [Google Scholar] [CrossRef]

	



Ross, C.S.; Sutton, D.; Skinner, P.; Mahmood, S.; Wynne, F.; Londt, B.; Fuller, C.M.; Mayers, J.; Nunez, A.; Hicks, D.J.; et al. Comparative pathogenesis of two genotype VI.2 avian paramyxovirus type-1 viruses (APMV-1) in pheasants, partridges and chickens. Avian Pathol. 2023, 52, 36–50. [Google Scholar] [CrossRef]

	



Gogoi, P.; Ganar, K.; Kumar, S. Avian Paramyxovirus: A Brief Review. Transbound Emerg. Dis. 2017, 64, 53–67. [Google Scholar] [CrossRef]

	



OIE. Newcastle Disease Manual of Diagnostic Tests and Vaccines for Terrestrial Animals: Mammals, Birds and Bees. 1, Part 2, 8th ed.; Office International des Epizooties: Paris, France, 2014. [Google Scholar]

	



Tan, S.W.; Ideris, A.; Omar, A.R.; Yusoff, K.; Hair-Bejo, M. Detection and differentiation of velogenic and lentogenic Newcastle disease viruses using SYBR Green I real-time PCR with nucleocapsid gene-specific primers. J. Virol. Methods 2009, 160, 149–156. [Google Scholar] [CrossRef]

	



Alkie, T.N.; Cox, S.; Embury-Hyatt, C.; Stevens, B.; Pople, N.; Pybus, M.J.; Xu, W.; Hisanaga, T.; Suderman, M.; Koziuk, J.; et al. Characterization of neurotropic HPAI H5N1 viruses with novel genome constellations and mammalian adaptive mutations in free-living mesocarnivores in Canada. Emerg. Microbes Infect. 2023, 12, 2186608. [Google Scholar] [CrossRef]

	



Frolov, S.V.; Moroz, N.V.; Chvala, I.A.; Irza, V.N. Effectiveness of vaccines produced by the Federal State-Financed Institution “ARRIAH” against topical genotype VII Newcastle disease viruses. Vet. Sci. Today 2021, 1, 44–51. [Google Scholar] [CrossRef]

	



Volkova, M.A.; Chvala, I.A.; Yaroslavtseva, P.S.; Sosipatorova, V.Y.; Chvala, I.A. Serological monitoring of Newcastle disease in Russia in 2017. Vet. Sci. Today 2018, 7, 26–30. [Google Scholar] [CrossRef]

	



Volkova, M.A.; Chvala, I.A.; Osipova, O.S.; Kulagina, M.A.; Andreychuk, D.B.; Chvala, I.A. Serological monitoring of avian influenza and Newcastle disease in the Russian Federation in 2019. Vet. Sci. Today 2020, 2, 76–82. [Google Scholar] [CrossRef]








[image: Vetsci 10 00404 g001 550] 





Figure 1. The cases of AAvV isolation in Eurasia and Africa. The serotypes, classes, and genotypes are indicated: red for pathogenic isolates and green for non-pathogenic isolates. Source of isolation: wild birds (W), pigeons (Pi), and poultry (Ch). If one work provides data on several viruses, then the link to the work is affixed only for the last isolate. 
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Figure 2. Phylogenetic tree of the genome region encoding the AAvV-1 class II fusion protein. The studied strain (isolate NDV/chicken/Moscow/6081/2022) is marked in red. Tree nodes with posterior probability >0.75 are marked in the figure. Viruses of genotypes not associated with the study are grouped. 
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Table 1. Dynamics of death of infected and contact chickens.
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	Group
	Mortality *
	Mdd **





	Infected
	5/5
	5



	Direct contact
	5/5
	6



	Remote contact
	5/5
	8.6







* Number of dead/initial number of chickens. ** Mean day of death relative to day zero.
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Table 2. Survival and weight dynamic of mice infected with the NDV/Moscow/6081/2022.
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Infection Dose: EID50 Per Mouse




	

	
0

	
103

	
104

	
105

	
106






	
Mortality *

	
0/6

	
0/6

	
0/6

	
0/6

	
0/6




	
Weight **

	
100%

	
100%

	
97%

	
96%

	
94%








* Number of dead/initial number of mice. ** Mean weight on day 3 relative to control group.
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