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The work used instrumental and methodological support intended for virological and molecular biological research.
The object of the study was biological samples from wild birds of aquatic and semi-aquatic complexes, isolates of paramyxoviruses isolated from them in the Republic of Kazakhstan.
The aim of the project is to study molecular evolution, the features of the circulation of paramyxoviruses of wild birds, and the selection of optimal candidates for the development of diagnostic test systems.
Results of work and their novelty. For virological research, 624 samples collected in the form of tracheal and cloacal swabs from 489 individuals of 37 species of wild birds.
Data on the circulation in Kazakhstan of PMV of birds of the APMV-1, APMV-4, APMV-6, APMV-16 and APMV-20 serotypes has obtained. The study of the pathogenicity of new isolates of PMV birds indicated the circulation of both avirulent and highly virulent strains of APMV-1 among wild birds in the Republic of Kazakhstan. New strains APMV-20 isolated in 2013 in the Atyrau region and on the lake. Balkhash, were characterized by the absence of pathogenicity for chicken embryos and one-day-old chickens. The complete nucleotide sequences of all six genes of the isolates APMV-20/black-headed gull/Atyrau/5541/2013 and APMV-20/black-headed gull/Balkhash/5844/2013 obtained. The following order of their sequence was established: 3'-NP-P/V/WMF-HN-L-5', encoding eight proteins, which corresponds to the size of the genes of the reference virus APMV-20/Gull/Aktau/5976/2014. Comparison of the RNA of the APMV-20 strains showed their identity to each other in size, but significant genetic variability within the serotype revealed. In total, 2640 nucleotide substitutions have identified, of which 273 were synonymous, i.e. influencing the amino acid structure of viruses. The patents for the strains obtained: APMV-13/white-fronted goose/North KZ/5751/13 (Patent No. 32593); APMV-8/whooper swan/SKO/5767/2013 (Patent No. 33988).
Recommendations. Practical institutions of veterinary control of the Republic of Kazakhstan when decoding outbreaks of disease and controlling emerging epidemic emergencies can use the research results.
Applications - virology, molecular biology, veterinary medicine. 
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DESIGNATIONS AND ABBREVIATIONS
In this research report, the following abbreviations and symbols are used

	AF
	- Allantoic fluid

	NDV
	- Newcastle diseases virus

	HAA
	- Hemagglutinating agent

	ICIP
	- Intracerebral index of pathogenicity

	cDNA
	- complementary deoxyribonucleic acid

	RT-PCR
	- reverse transcription-polymerase chain reaction

	PMV
	- paramyxovirus

	n.b.p.
	- Nucleotide base pair

	ECE
	- Embryonated chicken eggs

	HA
	- Hemagglutination assay

	RNA
	- ribonucleic acid

	HI
	- reaction inhibition of hemagglutination

	MDT
	- mean death time of chicken embryos

	EID
	- embryonic infectious dose

	Aav
	- avian orthoavulavirus

	APMV
	- avian paramyxovirus

	F
	- fusion protein gene

	L
	- gene encoding rna-dependent rna polymerase

	NP
	- nucleoprotein

	М
	- matrix protein

	НN
	- hemagglutinin-neuraminidase

	Р
	- phosphoprotein




[bookmark: _Toc182150221][bookmark: _Toc182151897][bookmark: _Toc244531636]

[bookmark: _Toc54820439][bookmark: _Toc182149217][bookmark: _Toc182150047][bookmark: _Toc182150222][bookmark: _Toc182151898][bookmark: _Toc244531637][bookmark: _Toc54170071]INTRODUCTION
[bookmark: _Ref397529956][bookmark: _Ref398035997][bookmark: _Ref398036001]Avian PMV – RNA-containing viruses belonging to the genus Avulavirus in the Paramyxoviridae family, capable of causing diseases with various clinical manifestations in most wild and domestic birds. They include nine antigenically distinct serotypes (APMV-1 – APMV-9) [[endnoteRef:1]], which in recent years have been supplemented with three more new serotypes APMV-10, 11 and 12 [[endnoteRef:2], [endnoteRef:3], [endnoteRef:4]].  [1: . Alexander D. Newcastle disease, other avian paramyxoviruses, and pneumovirus infections // In.: Diseases of Poultry. – Ames, IA: Iowa State Press, 2003. – 1248 p.]  [2: . Miller P., Afonso C., Spackman E. et al. Evidence for a new avian paramyxovirus serotype 10 detected in rockhopper penguins from the Falkland Islands // Journal of Virology. - 2010. - № 84. – P. 11496–11504.]  [3: . Briand F., Henry A., Massin P., Jestin V. Complete genome sequence of a novel avian paramyxovirus // Journal of Virology. - 2012. - № 86. – P. 7710.]  [4: . Terregino C., Aldous E., Heidari A. Antigenic and genetic analyses of isolate APMV/wigeon/Italy/3920–1/2005 indicate that it represents a new avian paramyxovirus (APMV-12). // Archives of Virology. - 2013. - № 158. – P. 2233–2243.] 

[bookmark: _Ref527124055][bookmark: _Ref524447534]Today, research on PMV is widely carried out in various regions of the world, as a large program is being carried out within the framework of the European network of excellence (EPIZONE) with the participation of many countries of the Old World. Isolation and description of new serotypes of PMV on the territory of Kazakhstan will make a significant contribution to the global research process. In 2013-2015 described PMV serotype 13, found in Japan, Kazakhstan and Ukraine [[endnoteRef:5], [endnoteRef:6], [endnoteRef:7]]. In 2017, there were reports of isolation of six new serotypes of PMV: from ducks in Japan and Korea [[endnoteRef:8], [endnoteRef:9]], sandpiper in Brazil [[endnoteRef:10]], and three viruses simultaneously from penguins These data indicate that PMV is actively circulating in the wild avifauna and there is a high probability of the occurrence of other variants of pathogens. [5: . Yamamoto E., Ito H., Tomioka Y., Ito T. Characterization of novel avian paramyxovirus strain APMV/Shimane67 isolated from migratory wild geese in Japan // J Vet Med Sci. - 2015. - Vol. 77. - P. 1079–1085.]  [6: . Karamendin K., Kydyrmanov A., Seidalina A. et al. Complete Genome Sequence of a Novel Avian Paramyxovirus (APMV-13) Isolated from a Wild Bird in Kazakhstan // Genome Announc. -2016. -Vol. 4. - № 3. - e00167-16.]  [7: . Goraichuk I., Sharma P., Stegniy B., Muzyka D., Pantin-Jackwood M.J., Gerilovych A., Solodiankin O., Bolotin V., Miller P.J, Dimitrov K.M, Afonso C.L. Complete genome sequence of an avian paramyxovirus representative of putative new serotype 13 // Genome Announc. – 2016. - Vol.4. - e00729-16. ]  [8: . Thampaisarn R., Bui V.N., Trinh D.Q. et al. Characterization of avian paramyxovirus serotype 14, a novel serotype, isolated from a duck fecal sample in Japan // Virus Res. – 2017. - Vol. 228. - P. 46-57. ]  [9: . Lee H., Kim J., Lee Y. et al. A Novel Avian Paramyxovirus (Putative Serotype 15) Isolated from Wild Birds // Front Microbiol. – 2017. - Vol. 8. - P.786. ]  [10: . Thomazelli L., de ArauÂjo J., Fabrizio T. et al. Novel avian paramyxovirus (APMV-15) isolated from a migratory bird in South America // PLoS ONE. – 2017. - Vol. 12 (5): e0177214. ] 

Among avuloviruses, the most common is NDV, related to APMV-1, which can cause epizootics with high mortality up to the death of the entire infected population of both domestic and wild birds. [1]. Representatives of other serotypes cause diseases of the respiratory and reproductive organs of less severity in birds [[endnoteRef:11]]. [11: . Khattar S., Nayak B., Kim S. et al. Evaluation of the replication, pathogenicity, and immunogenicity of avian paramyxovirus (APMV) serotypes 2, 3, 4, 5, 7, and 9 in rhesus macaques // PLoS One. – 2013. - Vol.8 (10):e75456.] 

Wild birds, mainly waterfowl, are known as the main reservoirs of APMV-1, 4, 6, 8 and 9 in nature [1]. Несмотря на обширные исследования, проведенные с APMV-1 по всему миру, сведений о молекулярно-биологических свойствах и патогенности APMV 2-9 недостаточно.
Experimental studies and practical observations show that APMV-2, 3, 6 and 7 can cause diseases of varying severity in poultry [[endnoteRef:12], [endnoteRef:13], [endnoteRef:14]]. Thus, strains APMV-6 are associated with mild respiratory diseases and decreased egg production in turkeys [[endnoteRef:15]]. APMV-3 and 5 (Kunitachi virus) cause severe pulmonary disease in wild birds [[endnoteRef:16], [endnoteRef:17]]. Other serotypes, including APMV-4, 8, 9, and 10, were isolated from ducks, waterfowl and other wild bird species that did not show any clinical signs of disease [[endnoteRef:18], [endnoteRef:19], [endnoteRef:20]]. [12: . Alexander D., Collins M.S. Pathogenicity of PMV-3/parakeet/Netherlands/449/75 for chickens // Avian Pathology. – 1982. - № 11. – P. 179-185.]  [13: . Warke A., Stallknecht D., Williams S. et al. Comparative study on the pathogenicity and immunogenicity of wild bird isolates of avian paramyxovirus 2, 4, and 6 in chickens // Avian Pathology.- 2008. - № 37. – P. 429-434.]  [14: . Saif Y., Mohan R., Ward L. Natural and experimental infection of turkeys with avian paramyxovirus-7 // Avian Diseases. - 1997. - № 41. – P. 326-329.]  [15: . Alexander D. Newcastle disease and other avian paramyxoviridae infections // In.: Diseases of Poultry.  – Ames, IA: Iowa State Press, 1997. – 1033 p.]  [16: . Jung A., Grund C., Muller I., Rautenschlein S. Avian paramyxovirus serotype 3 infection in Neopsephotus, Cyanoramphus, and Neophema species // Journal of Avian Medicine and Surgery. - 2009. - № 23. – P. 205-208.]  [17: . Nerome K., Nakayama M., Ishida M., Fukumi H. Isolation of a new avian paramyxovirus from budgerigar (Melopsittacus undulatus) // Journal of General Virology. - 1978. - № 38 – P. 293-301.]  [18: . Gough R., Alexander D. Avian paramyxovirus type 4 isolated from a ringed teal (Calonetta leucophrys) // Veterinary Records. - 1984. - № 115. – P. 653.]  [19: . Stallknecht D., Senne D., Zwank P. et al. Avian paramyxoviruses from migrating and resident ducks in coastal Louisiana // Journal of  Wildlife Diseases. - 1991. - № 27. – P. 123-128.]  [20: . Alexander D., Hinshaw V., Collins M., Yamane N. Characterization of viruses which represent further distinct serotypes (PMV-8 and PMV-9) of avian paramyxoviruses // Archives o0f  Virology. - 1983. - №.78. – P. 29-36.] 

APMV-4 isolated mainly from Anseriformes [[endnoteRef:21]], domestic ducks and geese suspected of being infected through direct contact with their wild relatives [[endnoteRef:22]]. Experimental infection of chickens with APMV-4 and 6 was accompanied by moderate respiratory pathology, which indicates the possibility of transmission of the virus to poultry [[endnoteRef:23]].  [21: . Stanislawek W., Wilks C., Meers J. et al. Avian paramyxoviruses and influenza viruses isolated from mallard ducks (Anas platyrhynchos) in New Zealand // Archives of Virology. - 2002. - № 147. – P. 1287-1302.]  [22: . Turek R., Gresikova M., Tumova B. Isolation of influenza A virus and paramyxoviruses from sentinel domestic ducks // Acta Virologica. - 1984. - № 28. – P. 156-158.]  [23: . Chang P., Hsieh M., Shien J. et al. Complete nucleotide sequence of avian paramyxovirus type 6 isolated from ducks // Journal of General Virology. - 2001. - № 82. – P. 2157-2168.] 

Determination of the nucleotide sequences of the complete genomes of PMV serotypes 2-10 by Sanger sequencing remains a technically challenging task, since these viruses are poorly represented in the Genbank international database, which complicates the selection of conservative regions and the design of overlapping primers.
Recent efforts to study the genomes of reference serotype strains: APMV-2 [[endnoteRef:24]], APMV-3 [[endnoteRef:25]], APMV-4 [[endnoteRef:26]], APMV-5 [[endnoteRef:27]], APMV-6 [[endnoteRef:28]], APMV-7 [[endnoteRef:29]], APMV-8 [[endnoteRef:30]], APMV-9 [[endnoteRef:31]] made a significant contribution to the understanding of their organization in the genus Avulavirus. However, further research needed to explore the diversity within serotypes. The discovery in the last three years of two new serotypes of PMV indicates their active relationship at the genetic level in nature [2, 3].  [24: . Subbiah M., Xiao S., Collins P., Samal S. Complete sequence of the genome of avian paramyxovirus type 2 (strain Yucaipa) and comparison with other paramyxoviruses // Virus Research. - 2008. - № 137. – P. 40-48.]  [25: . Kumar S., Nayak B., Samuel A. et al. Complete genome sequence of avian paramyxovirus-3 strain Wisconsin: evidence for the existence of subgroups within the serotype // Virus Research. - 2010. - № 149. – P. 78-85.]  [26: . Nayak B., Kumar S., Collins P., Samal S. Molecular characterization and complete genome sequence of avian paramyxovirus type 4 prototype strain duck/Hong Kong/D3/75. // Virology Journal. - 2008. - № 5. – P. 124.]  [27: . Samuel A., Paldurai A., Kumar S. et al. Complete genome sequence of avian paramyxovirus (APMV) serotype 5 completes the analysis of nine APMV serotypes and reveals the longest APMV genome // PLoS One. - 2010. - № 5. – P. 9269.]  [28: . Xiao S., Subbiah M., Kumar S. et al. Complete genome sequences of avian paramyxovirus serotype 6 prototype strain Hong Kong and a recent novel strain from Italy: evidence for the existence of subgroups within the serotype // Virus Research. - 2010. - № 150. – P. 61-72.]  [29: . Xiao S., Paldurai A., Nayak B. et al. Complete genome sequence of avian paramyxovirus type 7 (strain Tennessee) and comparison with other paramyxoviruses // Virus Research. - 2009. - № 145. – P. 80-91.]  [30: . Paldurai A., Subbiah M., Kumar S. et al. Complete genome sequences of avian paramyxovirus type 8 strains goose/Delaware/1053/76 and pintail/Wakuya/20/78 // Virus Research. - 2009. - № 142. – P. 144-153.]  [31: . Samuel A., Kumar S., Madhuri S. et al. Complete sequence of the genome of avian paramyxovirus type 9 and comparison with other paramyxoviruses // Virus Research. - 2009. - № 142. – P. 10-18.] 

[bookmark: _Ref524447039]In Kazakhstan, in a number of works, the evolutionary relationships of APMV-1 strains isolated in different years have been studied [[endnoteRef:32], [endnoteRef:33], [endnoteRef:34], [endnoteRef:35]]. The authors have shown that viruses of several genotypes circulated simultaneously among poultry on the territory of the republic. In the course of ecological and virological research for the first time on the territory of the Republic of Kazakhstan in 2002-2013. from the representatives of the orders Anseriformes and Charadriiformes (from the families of Anatidae and Scolopacidae, respectively), APMV-4, APMV-6, APMV-8 were distinguished. According to the results of genetic studies, the Kazakh strains of APMV-1 showed a close relationship with the European variants. Isolates APMV-4 2003, as well as APMV-6 and APMV-8, isolated in 2013, were 99% identical with viruses of these serotypes from the Far East [[endnoteRef:36]]. [32: . Bogoyavlenskiy A., Beresin V., Prilipov A. et al. Molecular Characterization of Virulent Newcastle Disease Virus Isolates from Chickens during the 1998 NDV Outbreak in Kazakhstan // Virus Genes. - 2000. - Vol. 31. – No 1. – P. 13-20.]  [33: . Вogoyavlenskiy A., Beresin V., Prilipov A. et al. Newcastle disease outbreaks in Kazakhstan and Kyrgyzstan during 1998, 2000, 2001, 2003, 2004 and 2005 were caused by viruses of the genotypes YII и and YIId // Virus Genes. – 2009. – Vol. 39. – No 1. – P. 94-101.]  [34: . Korotetsky I. S., Bogoyavlensky A. P., Prilipov A. G. et al. Molecular genetic characteristics of velogenic isolates of the Newcastle disease virus isolated on the territory of the Russian Federation, Ukraine, Kazakhstan and Kyrgyzstan // Problems of Virology. - 2010. - No. 4. - P. 25-29. (in Russian)]  [35: . Bogoyavlenskiy A., Beresin V., Prilipov A. et al. Characterization of Pigeon Paramyxoviruses (Newcastle disease virus) Isolated in Kazakhstan in 2005 // Virologica Sinica. – 2012. - Vol. 27. - No 2. – P. 93-99.]  [36: . Karamendin K. Kydyrmanov A. Seidalina A. et al. Circulation of avian paramyxoviruses in wild birds of Kazakhstan in 2002–2013 // Virol. J. 2016. - Vol. 13. -P.23.] 

Six of the nine PMV serotypes were classified in the second half of the 1970s, when HI assay was considered the most reliable and accessible method of identification. [[endnoteRef:37]], but when using it, there are disadvantages in the form of cross-reactions that make it difficult to differentiate viruses [1]. The ability of PMV, like other viruses, to antigenic drift in the process of evolution, [[endnoteRef:38]] determined predominantly using more precise molecular methods such as PCR and genome sequencing.  [37: . Tumova B., Stumpa A., Janout V. et al. A further member of the Yucaipa group isolated from the common wren (Troglodytes troglodytes) // Acta Virologica. - 1979. - № 23. – P. 504–507.]  [38: . Miller P., Kim L., Afonso C. Evolutionary dynamics of Newcastle disease virus // Virology. - 2009. - № 391. – P. 64–72.] 

The aim of the project is to study the molecular evolution of PMV of wild birds, and to select the optimal candidates for the development of diagnostic test systems.
The project sets the following tasks, including a complex of field and laboratory research:
· collection of biological materials from wild birds inhabiting various natural ecosystems in Kazakhstan, 
· pan-paramyxovirus PCR-screening of samples and isolation of PMV strains embryonated chicken eggs (ECE). As a result of research, positive samples will be identified and PMVs isolated; 
· electron microscopic examination of new isolates of PMV of birds and determination of their pathogenicity in experiments in vivo;
· determination of bird species from feces samples using specific primers in DNA barcoding;
· genome sequencing of new PMVs isolates on the sequencer of new generation MiSeq Illumina and study of their molecular genetic characteristics. As result, complete nucleotide sequences of genomes will be established and the most conserved sections of genomes determined;
· obtaining immune sera for new PMV, design and synthesis of primers for their molecular diagnostics. Specific sera and original primers will be obtained for the preparation of diagnostic test systems; 
· identification of phylogenesis of Kazakhstani PMV of birds by building evolutionary trees using maximum likelihood methods or adjoining neighbors, establishing their phylogenetic relationships and belonging to certain genotypes and clusters;
· search for serotype-specific molecular determinants in the genome of new avian PMVs.
Interim Report 2018 – inventory No. 0218РК00137 
Interim Report 2019 – inventory No. 0219РК00295


[bookmark: _Toc496715315][bookmark: _Toc54820440][bookmark: _Ref151374871]THE BASIC PART
[bookmark: _Toc54820441][bookmark: _Toc244531640]Rationale for research areas 
Employees of the laboratory of ecology of viruses "IMV" SC MES RK in the course of long-term monitoring studies of PMV in populations of wild birds obtained new, fundamental and applied data on the epidemiology, evolutionary variability and phylogeny of these infectious agents. As experience and analysis of literature data show, such works are a necessary part of the study of biology, control and prevention of viral infections in the avifauna and should be carried out on an ongoing basis.
The rich and diverse avifauna of various ecosystems in the Republic of Kazakhstan is a scientifically promising object of research for identifying new topical variants of PMA of birds and studying their gene pool.
The scientific novelty of research work consists in determining the molecular-genetic properties of Kazakhstani PMV, new to science, establishing their evolutionary relationships with viruses of this family circulating in various regions of the world and developing molecular diagnostics tools.
The data obtained as a result of the project will make a significant contribution to the study of ecology, phylogenesis and antigenic relationships of the PMV. They are important for practical veterinary medicine and are of interest to the Committee for Forestry and Wildlife of the Ministry of Agriculture of the Republic of Kazakhstan and are aimed at the needs of the Veterinary Committee of the Ministry of Agriculture of the Republic of Kazakhstan in decoding outbreaks of diseases caused by PMA and controlling emerging epidemic emergencies.


[bookmark: _Toc496715317][bookmark: _Toc54820442]1 Materials and methods
[bookmark: _Toc150967115][bookmark: _Toc150969304][bookmark: _Toc150970643][bookmark: _Toc152417330][bookmark: _Toc169498661][bookmark: _Toc182761340][bookmark: _Toc182761492][bookmark: _Toc182762222][bookmark: _Toc274658918][bookmark: _Toc496715318][bookmark: _Toc54820443]1.1 Collection of field materials 
For virological studies, samples collected in the form of cloacal, tracheal swabs from birds of water and near-water complexes. Swabs collected with sterile cotton swabs, placed in vials with medium 199 containing a complex of antibiotics (penicillin 2000 U/ml, streptomycin 2 mg/ml, gentamicin 50 μg/ml, nystatin 50 U/ml) and bovine serum albumin (0.5%/L). For droppings and cloacal washings, the concentration of antibiotics increased fivefold. Before virological studies, the samples were stored in liquid nitrogen (-196°C).
[bookmark: _Toc150138469][bookmark: _Ref151377826][bookmark: _Toc182149222][bookmark: _Toc182150052][bookmark: _Toc182150227][bookmark: _Toc182151904][bookmark: _Toc244531642][bookmark: _Toc54170076]1.2 Isolation and recovery of viruses
Isolation and recovery passages were carried out by inoculating each sample of the test material into the allantoic cavity of three 9-10-day old ECE and subsequent incubation at 37°C for 72 hours. AF was checked for the presence of the virus in the HA assay using a micro method using a 0.75% suspension of chicken erythrocytes. The viral infectious titer was calculated by the method of L. Reed and H. Muench [[endnoteRef:39]] and expressed as lg EID50/0.2 ml. [39: . Reed L., Muench H. A simple method of estimation fifty percent and pints // J. Amer. Hyg. - 1938. - Vol. 27. - P. 493-497.] 

[bookmark: _Toc339434910][bookmark: _Toc339434911][bookmark: _Toc54170077][bookmark: _Toc262739961][bookmark: _Toc264305186][bookmark: _Toc264305288]1.3 Isolation of RNA from biological samples
Total RNA was extracted from the aqueous phase by precipitation with isopropyl alcohol. Isolation of RNA from swabs was performed using the QIAamp Viral RNA Mini Kit (Qiagen GmbH, Hilden), according to the manufacturer's recommendations from 140 μL of samples [[endnoteRef:40]]. [40: . QIAamp Viral RNA Vini Handbook 12/2005. – 43 p.  hpp//www.qiagen.com.] 

[bookmark: _Toc262739955][bookmark: _Toc264305282][bookmark: _Toc270614054][bookmark: _Toc274658936][bookmark: _Toc466375705][bookmark: _Toc54170078][bookmark: _Toc247433774][bookmark: _Toc262739957][bookmark: _Toc264305284][bookmark: _Toc270614056][bookmark: _Toc274658938][bookmark: _Toc496686505][bookmark: _Toc169498666][bookmark: _Toc182761347][bookmark: _Toc182761499][bookmark: _Toc182762229][bookmark: _Toc339434914]1.4 Reverse transcription and polymerase chain reaction
[bookmark: _Ref270589104]RT-PCR was performed simultaneously in a one-step reaction using the AccessQuick RT-PCR System (Promega, Madison, WI) [[endnoteRef:41]]. To prepare the reaction mixture, a set of primers specific to highly conserved regions of the genes of the target viruses (table 1) was used at a concentration of 0.5 μM each, 5 × AMV/Tfl buffer, 5 units. RNase inhibitor (Fermentas), 5 units AMV reverse transcriptase, 5 units Tfl DNA polymerase, 1.0 mM MgSO4, and RNase-free water in a final volume of 25 μl.  [41: . Payungporn S., Phakdeewirot P., Chutinimitkul S. et al. Single-Step Multiplex Reverse Transcription–Polymerase Chain Reaction (RT-PCR) for Influenza A Virus Subtype H5N1 Detection // Viral Immunology. - 2004. - Vol. 17. – P. 588-593.] 


Table 1 – Sequences of specific primers for paramyxoviruses
	Target gene
	Sequence of primers
	Length of expected PCR product (bp)

	L-gene of the paramyxovirus family
(Pan-paramyxovirus primer)
	PMX1 GARGGIYIITGYCARAARNTNTGGAC
PMX2 TIAYIGCWATIRIYTGRTTRTCNCC
	132

	L-gene of the paramyxovirus family
(Pan-paramyxovirus primer)
	PAR F1:-5’GAAGGITATTGTCAIAARNTNTGGAC-3’
PAR F2:-5’GTTGCTTCAATGGTTCARGGNGAYAA-3’ 
	600



The reaction was set up in an Eppendorf Gradient thermal cycler under the following conditions: reverse transcription at 48°C for 45 min, an initial 2 min denaturation at 95°C, and amplification in 40 cycles, including denaturation, primer annealing, and chain extension (Table 2), followed by final elongation at 72°C, 10 min.

Table 2 – PCR thermal cycling parameters with different primers
	Primer primers
	Denaturation of strand
	Anneling
	Elongation

	
	Temperature
	Time
	Temperature
	Time
	Temperature
	Time

	PMX1/PMX2
	95°С
	15 sec
	41°С
	30 сек
	72°С,
	30 сек

	PAR F1/ PAR F2
	94°С
	15 sec
	50°С
	30 сек
	72°С,
	30 сек



[bookmark: _Toc54170079]1.5 Electrophoretic analysis of PCR products
Horizontal gel electrophoresis was performed in a 2% agarose solution (Sigma, USA) stained with ethidium bromide in tris-acetate buffer at 88V (8 volts/cm) on a Biostep apparatus (UK). Visualization and documentation of the results of gel electrophoresis was carried out using the GelMax® 125 Imager system (Upland, CA, USA).
[bookmark: _Toc54170080]1.6 Sanger sequencing of PCR products
DNA sequencing was performed using terminating dideoxynucleotides on an automatic 8-capillary sequencer ABI 3500 DNA Analyzer (Applied Biosystems, USA).
[bookmark: _Toc54170081]1.7 Preparing Libraries for Mass Parallel Sequencing
The preparation of libraries for massive parallel sequencing was carried out using the NEBNext Ultra RNA Library Prep Kit for Illumina (NEB, USA), according to the attached protocol. RNA fragmentation was carried out to a size of about 600 bp. using the enzymatic method using divalent cations in the kit. The quality of the prepared libraries was checked on a Bioanalyzer 2100 device (Agilent Technologies, Germany). Sequencing was performed using the MiSeq Reagent v. 3 kit (Illumina, USA) on a new generation MiSeq sequencer (Illumina, USA).
Bioinformatic analysis of the sequences obtained as a result of sequencing was carried out using Geneious 11.0 computer programs (Biomatters, New Zealand).
[bookmark: _Toc54170082]1.8 Hemagglutination inhibition assay
HI assay was performed by micromethod using single- and multichannel semi-automatic pipettes on disposable microtiter plates (Costar, USA). To successive two-fold dilutions of the test serum in physiological saline, 4 AUs of the virus were added and the mixture was incubated at room temperature for 30 min. After adding a 0.5% suspension of chicken erythrocytes and their sedimentation, the titer of antibodies was determined based on the last dilution of serum that suppresses hemagglutination of the virus. The reaction was followed by controls for antigen, erythrocytes, and test sera.
[bookmark: _Toc54170083]1.9 Electron microscopy of virions
For morphological studies of PMV strains, we used the method of electron microscopy using negative contrast. The samples were centrifuged at 3000 rpm for 30 min. The supernatant was separated and ultracentrifuged at 52500 g for 40 min. The resulting pellets were resuspended in a minimum volume of 0.05 M phosphate buffer. Preparations for electron microscopy were prepared on grids with a carbon-sprayed formvar substrate. The adsorption of the virus onto the meshes was carried out in the electrostatic field of a Teflon plate. The preparations were contrasted with a 3% phosphotungstic acid solution and examined under a JEM 100 CX electron microscope. [[endnoteRef:42]]. [42: . Syurin V.N., Belousova R.V., Soloviev B.V., Fomina N.V. Methods of laboratory diagnostics of viral diseases of animals // Reference book. - M., Agropromizdat, 1986. - 351 p.] 

[bookmark: _Toc54170084]1.10 Mean death time of chicken embryos caused by the minimum lethal dose of the virus
To determine SVG, a series of 10-fold dilutions of the studied virus (from 10-1 to 10-10) was prepared, five of which (10-1, 10-7, 10-8, 10-9, 10-10) were used to infect 10 -day CE into the allantoic cavity in a volume of 0.1 ml. Each of these dilutions was infected with 10 embryos: 5 of them were infected in the morning, 5 in the evening, and incubated at + 37°C. The infected CEs were observed 2 times a day at intervals of 8 hours for 120 hours and the time of their death was recorded. The minimum lethal dose (MLD) was taken to be the highest dilution of the virus causing the death of all embryos. MDT was found by dividing the sum of hours of death of all embryos caused by MLD by the number of embryos.
[bookmark: _Toc506359783][bookmark: _Toc54170085]1.11 Intracerebral pathogenicity index
ICIP was determined by intracerebral infection of 10 one-day-old chickens with the test material (50 μl of virus-containing allantoic fluid at a 1:10 dilution) obtained from birds not vaccinated against VBI. The experimental chickens were observed for 8 days [[endnoteRef:43]].  [43: . CEC Council Directive 92/66/EEC of 14 July 1992 introducing Community measures for the control of Newcastle disease. Official Journal of the European Communities, -1992. L 260. -P.1-20.] 

The ICIP was calculated by dividing the score by 80 (number of observations of 10 chicks over 8 days). Strains with ICIP up to 0.2 were attributed to lentogenic, more than 1.5 - to velogenic, and with an intermediate value - to mesogenic.


[bookmark: _Toc150138473][bookmark: _Ref151378132][bookmark: _Toc182149226][bookmark: _Toc182149590][bookmark: _Toc182150056][bookmark: _Toc182150231][bookmark: _Toc182151912][bookmark: _Toc54170086][bookmark: _Toc496715337]2 Results of the study
[bookmark: _Toc527127118][bookmark: _Toc54170087][bookmark: _Toc432603003][bookmark: _Toc150138474][bookmark: _Ref151378167][bookmark: _Ref151378395][bookmark: _Toc182149227][bookmark: _Toc182150057][bookmark: _Toc182150232][bookmark: _Toc182151913]2.1 Revision and recovery passages of HAA from the laboratory collection
During the reporting period. Inventory of 28 HAA, allocated in 2006-2016, from birds of water and near-water, ground complexes was carried out and their recovery passages were carried out. 
Table 3 shows that during storage at -70°C the hemagglutinating activity of viruses decreased by 2-16 times.As a result of restorative passage and cloning of HAA by the method of limiting dilutions, HAA and isolates of PMV of birds with the following titers in RHA were obtained on developing chick embryos.

Table 3 – Inventory and recovery passages of hemagglutinating agents and isolates of PMV of birds, 2006-2016 isolation for molecular biological research
	Full designation of hemagglutinating agents and isolates
	Isolation date
	Virus titres in HA
	Sampling location

	
	
	After storing at
-70°С
	After passage
	

	1
	2
	3
	4
	5

	HAA/Pintail/Korgalzhyn/1786/06
	2006
	1:8-16
	1:128-512/7.25
	Korgalzhyn rezervat, Aqmola oblast

	HAA/Ruddy-Shelduck/Korgalzhyn/1787,1788/06 (2)
	2006
	1:16-32
	1:256-1024/7.0
	

	HAA/Greylag goose/Korgalzhyn/1789-1791, 1866/06 (4)
	2006
	1:16-64
	1:128-2048/6.5-7.25
	

	HAA/White-fronted goose/Korgalzhyn/1791, 1792/06 (2)
	2006
	1:8
	1:128/7.25
	

	HAA/Green-winged teal/Korgalzhyn/1803/06
	2006
	1:4-16
	1:128-1:2048/7.5
	

	HAA/Wigeon/Korgalzhyn/1807/06
	2006
	1:32
	1:256/7.25
	

	HAA/Mallard/Korgalzhyn/1809, 1813/06 (2)
	2006
	1:32
	1:128-256/7.25-7.5
	

	HAA/голубая чернеть/Korgalzhyn/1812/06
	2006
	1:8-32
	1:128-256/7.0
	

	HAA/Wigeon/Korgalzhyn/1819/06
	2006
	1:8
	1:128/7.0
	

	HAA/Wigeon/Korgalzhyn/1880, 1887/06 (2)
	2006
	1:8-1:16
	1:512-1:1024/7.5
	

	APMV/Gull/Atyrau/5541/2013
	2013
	1:16-1:32
	1:128-1:1024/7. 5
	Atyrau oblast

	HAA/Gull/Balkhash/5844/2013 (2)
	2013
	1:16
	1:256/7.25
	Almaty oblast

	APMV/Gull/Caspian/5976, 5977, 5979 /2014
	2014
	1:16
	1:256/7.25
	Kazakh Bay, Mangystau oblast

	APMV/Rock Dove/Shakpak/6439-6448/2014 (10 изолятов)
	2014
	1:16
	1:256/7.25
	Shakpak pass, Zhambyl oblast

	APMV/Buzzard/Shakpak/6449, 6450/2014 (2 изолята)
	2014
	1:16
	1:256/7.25
	

	APMV/Golden Eagle/Shakpak/6451/2014
	2014
	1:16
	1:256/7.25
	

	APMV/Larus ichthyaetus/Atyrau/6452, 6503/2014
	2014
	1:8
	1:128/7.0
	Atyrau oblast


Table continuation
	1
	2
	3
	4
	5

	APMV-4/black-headed gull/Korgalzhyn/6758/2015
	2015
	1:128
	1:512/7.00
	Korgalzhyn rezervat, Aqmola oblast

	HAA/Mallard/Korgalzhyn/6763, 6766, 6769-6771/2015 (5)
	2016
	1:64
	1:1024/7.25
	

	HAA/ Larus ichthyaetus /Alakol/6890, 6891, 6933, 6938, 6939/2016 (5)
	2016
	1:16-32
	1:128-1:1024/7. 5
	Alakol lake, Almaty oblast

	APMV/Cormorant/Alakol/6948, 6949, 6951, 6953, 6957, 6964, 6968, 6969, 6976, 7004/2016 (10)
	2016
	1:8-64
	1:64-1024/5.25-7.25
	

	APMV/Dalmatian pelican/Alakol/6987/2016
	2016
	1:16-32
	1:256/5.75
	

	HAA/Pygmy cormorant/Kyzykol/7074/2016
	2016
	1:16-32
	1:256/675
	Kazylkol lake, Turkestan oblast

	HAA/Garganey/Kyzykol/7078/2016
	2016
	1:16-32
	1:512/6.75
	

	HAA/Swallow/Kyzykol/7079/2016/2016
	2016
	1:16-32
	1:128/4.25
	



As can be seen from Table 3, the hemaggutinating activity of PMV isolates after storage at -70°C ranged from 1: 8 to 1:64; as a result of the restorative passage on the RCE, their titers were 1: 128-1: 2048. Infectious virus titers ranged from 4.25 to 7.5 lg EID50 / 0.2. 
[bookmark: _Toc54170088]2.2 Collection of field materials from wild birds in various regions of Kazakhstan
In accordance with the approved schedule, expedition trips to Western (Atyrau region), Southern and South-Eastern Kazakhstan (Zhambyl and Almaty regions) were planned. The capture of birds was carried out in a humane way with their release, shooting for scientific purposes was carried out with a permit issued by the Committee for Forestry and Wildlife of the Ministry of Agriculture of the Republic of Kazakhstan, without affecting the species included in the International Red Book. 
Samples were taken in places of the highest concentration of migratory birds during migration (with rest stops) and during nesting and molting. To establish the circle of hosts of the PMV, the maximum possible number of bird species representing various ecological complexes were studied.The basis for research in these regions was the previously identified cases of circulation of new PMV genotypes among wild birds [6, 36].
Taxonomic affiliation of the examined birds and the number of samples obtained are shown in Table 4. 


Table 4 – Characteristics of biological samples collected in 2018-2019 from birds of various ecological complexes on the territory of the Republic of Kazakhstan
	Order:
	Family
	Amount

	
	
	Species
	Individual
	Sample

	
	
	2018
	2019
	2018
	2019
	2018
	2019

	PODICIPEDIFORMES
	Podicipedidae
	1
	-
	6
	-
	12
	-

	PELECANIFORMES
	Pelecanidae
	1
	-
	10
	-
	20
	-

	
	Phalacrocoracidae
	1
	1
	10
	1
	10
	2

	CICONIIFORMES
	Ardeidae
	1
	-
	1
	-
	2
	-

	ANSERIFORMES
	Anatidae
	9
	3
	150
	94
	170
	118

	FALCONIFORMES
	Falconidae
	1
	-
	7
	-
	14
	-

	
	Accipitridae
	1
	2
	2
	4
	4
	8

	CHARADRIIFORMES
	Laridae
	5
	2
	176
	2
	208
	4

	CHARADRIIFORMES
	Glareolidae
	-
	1
	-
	1
	-
	2

	
	Charadriidae
	-
	1
	-
	1
	-
	2

	GRUIFORMES;
	Gruidae
	2
	1
	6
	3
	12
	6

	PASSERIFORMES
	Hirundinidae
	1
	1
	4
	1
	8
	2

	
	Sturnidae
	-
	1
	-
	2
	-
	4

	
	Sylvidae
	2
	-
	9
	-
	18
	-

	Total: 8
	14
	25
	13
	381
	109
	478
	148

	
	
	38
	490
	626



As can be seen from Table 4, in 2018-2019, 626 biological samples from 490 individuals of 38 species of wild birds belonging to 14 families and nine orders were collected for virological research. Of these, in 2018, 478 field materials were collected from 381 individuals of 24 species of wild birds belonging to 10 families. The collected material includes samples of terrestrial bird species not previously used in research.
The dominating majority of materials in 2018 (422 samples) belonged to birds of aquatic and semi-aquatic ecological complexes, including two families of the orders Pelecaniformes, Ciconiiformes, Anseriformes, and Charadriiformes.
The remaining 56 samples examined were obtained from terrestrial bird species (kestrel [Falco tinnunculus], black kite [Milvus migrans], Demoiselle crane [Anthropoides virgo], houbara bustard [Chlamydotis undulata], Swallow [Hirundo rustica], blackbird warbler [Acrocephalus arundinaceus], Clamorous Reed Warbler [Acrocephalus stentoreus]) of Falconiformes, Falconiformes, Gruiformes, Passeriformes Orders.
In 2019, 148 tracheal and cloacal washes were collected from 13 bird species from the orders belonging to the families Phalacrocoracidae, Accipitridae, Anatidae, Laridae, Glareolidae, Charadriidae, Gruidae, Hirundinidae, Sturnidae.
Most of the materials (128 samples) belonged to birds of aquatic and near-aquatic ecological complexes, including two families of orders Suliformes, Podicipediformes, Anseriformes и Charadriiformes. 
Twenty samples examined were obtained from terrestrial bird species: Buzzard [Buteo rufinus], Sand Martin [Riparia riparia], Steppe Eagle [Aquila nipalensis], Rosy Starling [Sturnus roseus], Demoiselle crane [Anthropoides virgo], Collared Pratincole [Glareola pratincola] fromOrders of Falconiformes, Gruiformes, Passeriformes.
[bookmark: _Toc54170089]2.3 Screening of samples in PCR with primers to the conserved sequence of the avian PMV genome
RT-PCR screening of 626 biological samples from wild birds collected on the territory of Kazakhstan in 2018-2019 was carried out. As a result of a study with oligonucleotide primers complementary to the L region of the gene of viruses of the Paramyxoviridae family, the expected amplification products of 700 bp were revealed in seven samples. Cloacal swabs (registration number of materials 7648/2018, 7649/2018, 7650/2018) from three specimens of houbara bustard (Chlamydotis undulata), caught in the Balkhash-Alakol depression, and one barn swallow (Hirundo rustica) obtained on the Caspian coast turned out to be positive. Also positive were the cloacal washings obtained on the delta of the r. Urals in October 2018 (three samples) and on Lake Sorbulak in February 2019 (four washes). An electrophoregram of the results of RT-PCR screening of materials is shown in Figure 1.


[image: ]
"M" - DNA marker; "K +" - positive control; K- "- negative control; 41-56, 6-9, 54-57 designation of pools, c 22cl-25tr designation of samples

Figure 1 – Electropherogram of the results of PCR with RNA from biological samples from wild birds collected in 2018-2019

During the primary infection with ECE and the first passage of PCR-positive samples of 2019, seven 19 HAA were isolated with HA titers of 1:16-1:128 and all of them were identified as PMV (Figure 1A, Figure 1B). Using primers for the NP gene of the Newcastle disease virus, 12 of them were assigned to APMV-1.
[bookmark: _Toc432603005][bookmark: _Toc54170090]2.4 Isolation and identification by sequencing of PMVs circulating among different species of wild birds
Affiliation of HAA and bird PMV isolates 2006 - 2019 to a certain serotype was identified as a result of sequencing of the conserved region of the L-gene. Sequencing of the L-gene amplification products and subsequent BLAST analysis of the sequences in GenBank indicated that one of them belonged to APMV-4, and three to APMV-1. 
Sequence analysis of four APMVs 2013-2014 secretions showed their significant genetic discrepancy in the conserved fragment of the L-gene with serotypes APMV-1-19.Nucleotide structure of the L-gene fragment of isolates APMV/black-headed gull/Atyrau/5541/2013, APMV/black-headed gull/Balkhash/5844/2013, APMV/gull/Aktau/5977/2014 and APMV/gull /Aktau/5979/2014 shows 90-100% identity with those of the reference strain APMV-20 and significant (67-73%) divergence from the remaining serotypes APMV-1 - APMV-13, APMV-14 - APMV-19 (Figures 2-5).
[image: ]
Figure 2 – BLAST analysis of nucleotide sequences of APMV/Pallas Gull/Atyrau/5541/2013 isolate


[image: ]
Figure 3 – BLAST analysis of nucleotide sequences of APMV/Pallas Gull/Atyrau / 5541/2013 isolate

[image: ]
Figure 4 – BLAST analysis of nucleotide sequencesisolate APMV/Gull/Aktau/ 5977/2014

[image: ]
Figure 5 – BLAST analysis of the nucleotide sequences of the APMV/Gull/Aktau/5979/2014 isolate

As a result, the isolates were identified and designated APMV-20/Pallas Gull/Atyrau/5541/2013 and APMV-20/black-headed gull/Balkhash/5844/2013, APMV-20/seagull/Aktau/5977/2014 and APMV- 20/seagull/Aktau/5979/2014. 
The data obtained indicate the possibility of circulation of APMV-20 viruses in the avifauna of geographically remote regions of Kazakhstan, in the North Caspian Sea and Lake Balkhash.
The summary data of the results of identifying isolates by sequencing the amplification products of the L-gene and subsequent BLAST analysis of the sequences in GenBank are shown in Table 5.

Table 5 – Results of identification of hemagglutinating agents and APMV isolates of 2006-2019
	Year of isolation
	Number of isolates
	Full designation of hemagglutinating agent and isolate
	The greatest similarity in BLAST analysis for the L-gene with APMV serotypes:

	2006
	7
	APMV-1/Ruddy-Shelduck/Korgalzhyn/1787/06
	APMV-16

	
	
	APMV-1/Greylag goose/Korgalzhyn/1790/06
	APMV-16

	
	
	APMV-1/White-fronted goose/Korgalzhyn/1792/06
	APMV-16

	
	
	APMV-?/Green-winged teal/Korgalzhyn/1803/06
	APMV-6

	
	
	APMV-?/Wigeon/Korgalzhyn/1807/06
	APMV-1

	
	
	APMV-?/Common Pochard/Korgalzhyn/1812/06
	APMV-1

	
	
	APMV-?/Wigeon/Korgalzhyn/1819/06
	APMV-1

	2008
	7
	HAA/Green-winged teal/Kyzykol/8054/2008
	APMV-4

	
	
	HAA/Green-winged teal/Kyzykol/8056/2008
	APMV-4

	
	
	HAA/Green-winged teal/Kyzykol/8057/2008
	APMV-4

	
	
	HAA/Green-winged teal/Kyzykol/8058/2008
	APMV-4

	
	
	HAA/Green-winged teal/Kyzykol/8059/2008
	APMV-4

	
	
	HAA/Green-winged teal/Kyzykol/8060/2008
	APMV-4

	
	
	HAA/Green-winged teal/Kyzykol/8061/2008
	APMV-4

	2013
	2
	APMV-20/Gull/Atyrau/5541/2013
	APMV-20

	
	
	APMV-20/Gull/Balkhash/5844/2013
	APMV-20

	2016
	17
	APMV-?/Larus ichthyaetus/Alakol/6938/2016
	APMV-1

	
	
	APMV-?/Larus ichthyaetus/Alakol/6939/2016
	APMV-1

	
	
	APMV-?/Cormorant/Alakol/6948/2016
	APMV-1

	
	
	APMV-?/Cormorant/Alakol/6949/2016
	APMV-1

	
	
	APMV-?/Cormorant/Alakol/6951/2016
	APMV-1

	
	
	APMV-?//Cormorant/Alakol/6952/2016
	APMV-1

	
	
	APMV-?/Cormorant/Alakol/6953/2016
	APMV-1

	
	
	APMV-?/Cormorant/Alakol/6957/2016
	APMV-1

	
	
	APMV-?/Cormorant/Alakol/6964/2016
	APMV-1

	
	
	APMV-?/Cormorant/Alakol/6968/2016
	APMV-1

	
	
	APMV-?/Cormorant/Alakol/6969/2016
	APMV-1

	
	6
	APMV-?/Cormorant/Alakol/6976/2016
	APMV-1

	
	
	APMV-?/Dalmatian pelican/Alakol/6987/2016
	APMV-1

	
	
	APMV-?/Cormorant/Alakol/7004/2016
	APMV-1

	
	
	APMV-?/Pygmy cormorant/Kyzykol/7074/2016
	APMV-4

	
	
	APMV-?/Garganey/Kyzykol/7078/2016
	APMV-4

	
	
	APMV-?/Swallow/Kyzykol/7079/2016/2016
	APMV-4

	2018
	3
	APMV-?/Garganey/Atyrau/7752/2018
	APMV-1

	
	
	APMV-?/Greylag goose/7756/2018
	APMV-1

	
	
	APMV-?/Garganey/Atyrau/7767/2018
	APMV-1

	2019
	4
	APMV-?/Mallard/Сорбулак/7966/2019
	APMV-1

	
	
	APMV-?/Wooper swan/Сорбулак/8014/2019
	APMV-1

	
	
	APMV-?/Wooper swan/Сорбулак/8016/2019
	APMV-1

	
	
	APMV-?/Wooper swan/Сорбулак/8017/2019
	APMV-1



Table 5 shows that three APMV isolates isolated from birds in Central Kazakhstan in 2006 were assigned to the recently discovered new serotype APMV-16 (reference strain APMV-16/wild bird/Korea/UPO216/2014). It should be noted that all these three isolates were initially identified in HI assay as APMV-1, but the results of diagnostic sequencing of the conserved region of the L-gene of the isolates made it possible to establish the circulation of the novel serotype APMV-16 in the wild waterfowl population of Kazakhstan. The rest of the 2006 HAA isolations are identified as APMV-1 and APMV-6. These data indicate the possibility of simultaneous circulation of various serotypes of PMV birds, including new ones, in sympatric populations of anseriformes in Kazakhstan.
A fragment of the L gene of all unidentified archival HAA isolated from wild ducks in southern Kazakhstan (Lake Kyzykol) in 2008 showed the maximum similarity only with those APMV-4 deposited in GenBank.
The nucleotide sequence of the L-gene fragment of the 2013 APMV/black-headed gull/Atyrau/5541/2013, APMV/black-headed gull/Balkhash/5844/2013 isolates was identical with those of the reference strain APMV-20.
The PMV isolates isolated in 2016 from cormorants and pelicans in East Kazakhstan (Lake Alakol) were similar in nucleotide composition to the L-gene sequence and belonged to APMV-1, while viruses of the same year from South Kazakhstan (Lake Kyzykol ) were assigned to the APMV-4 serotype. Analysis of PMV isolates 2018-2019 secretions showed their belonging to APMV-1.
Further, additional serological identification of PMV isolates in HI assay was carried out using diagnostic hyperimmune rabbit sera (Table 6).

Table 6 – Summary data of the results of identification of hemagglutinating agents in HI assay with polyclonal sera to PMV of birds
	Year of isolation
	Number of isolates
	Number of isolates that reacted positively with immune sera to various avian PMV serotypes:

	
	
	APMV-1
	APMV-4
	APMV-6
	APMV-20

	2006
	7
	6
	-
	1
	-

	2008
	7
	-
	7
	-
	-

	2013
	2
	-
	-
	-
	2

	2016
	17
	14
	3
	-
	-

	2018
	3
	3
	-
	-
	-

	2019
	4
	4
	
	-
	-

	Note - with hyperimmune diagnostic sera to viruses of serotypes APMV-2, APMV-3, APMV-7, APMV-8, APMV-9 and APMV-13, negative results were obtained



As can be seen from the data presented in Table 6, a total of 40 PMV isolates were isolated from wild birds on the territory of Kazakhstan in 2006-2019. Of these, 30 are assigned to APMV-1, 10- to APMV-4, 1- to APMV-6, 2- to APMV-20. These results demonstrate the disadvantages of serological identification methods for antigenic similarity between serotypes, where three isolates identified as APMV-16 by L-gene sequencing were inhibited with hyperimmune anti-APMV-1 sera.
Thus, as a result of virological, molecular-genetic and serological studies, data on the circulation of PMV of birds of the APMV-1, APMV-4, APMV-6, APMV-16 and APMV-20 serotypes in Kazakhstan were obtained. 
2.5 Electron microscopic study of novel APMV isolates 
Electron microscopy of two new PMV strains APMV/gull/Kazakhstan/5976/2014, APMV/gull/Kazakhstan/5977/2014 was carried out. It was shown that they are similar in fine structure to PMV and their population is characterized by pronounced polymorphism. The size of the diameter of rounded virions varied within 150–600 nm (up to 80%). The virion had a supercapsid envelope 10-15 nm thick, covered with pins 8-12 nm long and 4.5-5.0 nm in diameter (Figures 6,7). 

[image: 1 002]
Figure 6 – Electron microscopic morphology of negatively contrasted isolate APMV-20 / gull/Kazakhstan/ 976/2014. Magnification × 50,000
[image: 1 001]
Figure 7 – Electron microscopic morphology of negatively contrasted isolate APMV-20/gull/Kazakhstan/5977/2014. Negative contrasting with 3% FVK solution. × 200000

Inside, the virion contained hollow nucleocapsid strands with a spiral type of symmetry. Its diameter was 18 nm, and the pitch of the nucleocapsid helix did not exceed 5 nm.
[bookmark: _Toc54170092]2.6 Study of the pathogenicity of new APMV isolates in chicken embryos
The degree of pathogenicity of APMV strains was determined by two methods: ICIP and MDT. Table 6 shows the indicators of MDT and ICIP of 14 Kazakhstan strains of APMV-1 and the corresponding pathotypes.

Table 7 – Characteristics of pathogenicity of Kazakh strains of PMV
	PMV strains
	MDT
	ICPI
	Pathotype

	APMV-1/Cormorant/Alakol/6948/2016
	48
	1,1
	velogenic

	APMV-1/Cormorant/Alakol/6949/2016
	46
	1,8
	velogenic

	APMV-1/Cormorant/Alakol/6951/2016
	48
	1,5
	velogenic

	APMV-1//Cormorant/Alakol/6952/2016
	51
	1,8
	velogenic

	APMV-1/Cormorant/Alakol/6953/2016
	50
	1,8
	velogenic

	APMV-1/Cormorant/Alakol/6957/2016
	51
	1,6
	velogenic

	APMV-1/Cormorant/Alakol/6964/2016
	45
	1,5
	velogenic

	APMV-1/Cormorant/Alakol/6968/2016
	50
	1,9
	velogenic

	APMV-1/Cormorant/Alakol/6969/2016
	47
	1,5
	velogenic

	APMV-1/Cormorant/Alakol/6976/2016
	52
	1,6
	velogenic

	APMV-1/Dalmatian pelican/Alakol/6987/2016
	49
	1,8
	velogenic

	APMV-1/Cormorant/Alakol/7004/2016
	51
	1,8
	velogenic

	APMV-20/Gull/Atyrau/5541/2013
	120
	0,2
	lentogenic

	APMV-20/Gull/Balkhash/5844/2013
	120
	0,0
	lentogenic



Table 7 shows that 11 strains isolated from cormorants and one Dalmatian pelican on Lake Alakol in 2016, with indicators of SVG - 46-52 g and ICIP - 1.5-1.8 belonged to the velogenic variant (table 7).
Two new strains, APMV-20 / gull / Atyrau / 5541/2013 and APMV-20 / gull / Balkhash / 5844/2013, which did not cause the death of chicken embryos and clinical signs of the disease in chickens were assigned to the lentogenic pathotype.
[bookmark: _Toc54170093]Thus, the studies carried out indicate the circulation of both avirulent and highly virulent strains of APMV-1 among wild birds in the Republic of Kazakhstan. The latter caused a high mortality rate of young cormorants in the nesting colonies on the lake. Alakol in 2016 New strains of APMV-20 isolated in 2013 in the Atyrau region and on the lake. Balkhash, were characterized by the absence of pathogenicity for EEC and one-day-old chickens.
2.7 Obtaining immune sera to new PMV
Immune sera were obtained by double immunization of rabbits with a purified virus preparation APMV-20/gull/Aktau/5976/2014, APMV-20/gull/Aktau/5977/2014 и APMV-20/gull/Aktau/5979/2014.
To remove nonspecific hemagglutination inhibitors, serum was pretreated with a receptor-degrading enzyme (RDE) from a crude V. Cholerae filtrate (Denka Seiken Co., Ltd. Tokyo, Japan). To one part undiluted serum was added 3 volumes of RDE at a working dilution of 1:50. The mixture was left at 37°C for 18 hours, then 6 parts of saline were added to obtain the final dilution of serum (1:10), after which it was heated at 56°C for 30 minutes.
[bookmark: _Toc54170094]2.8 Determination of antigenic relationships of new PMV isolates
Table 8 – shows the results of HI assay of five PMV isolates with immune sera.

Table 8 – HI with rabbit immune sera 
	Isolate:
	Immune serum to strain:

	
	APMV-13/wf/Northern Kazakhstan/5751/2013
	APMV-20/gull/Aktau/5976/2014
	APMV-20/gull/Aktau/5979/2014

	APMV-13/w-f-goose/ North Kazakhstan /5750/2013
	320
	0
	0

	APMV-13/ w-f-goose/North Kazakhstan /5751/2014
	320
	0
	0

	APMV-20/gull/Aktau/5976/2014
	0
	320
	320

	APMV-20/gull/Aktau/5979/2014
	0
	320
	320



As can be seen from the table 8, Kazakhstani PMV isolates, including APMV-13 / white fronted goose / Northern Kazakhstan / 5751/2013 and APMV-14 / gull / Aktau / 5976/2014 in a titer of 1: 320, interacted with homologous immune sera.
The hemaglutinating activity of the two new isolates, on the contrary, was enhanced by immune sera to the APMV-20 / gull / Aktau / 5976/2014 and APMV-20 / gull / Aktau / 5979/2014 viruses, but not to the viruses isolated earlier (APMV-13 / white fronted goose / Northern Kazakhstan / 5751/2013 and APMV-14 / gull / Aktau / 5976/2014)
Thus, according to the RTGA data, the PMV of wild birds isolated in 2013 and 2020 in Kazakhstan are divided into two independent antigenic groups.
[bookmark: _Toc54170095]2.9 Preparing libraries for genome sequencing
Preparation of libraries for massive parallel sequencing was carried out using the NEBNext Ultra RNA Library Prep Kit for Illumina (NEB, USA) according to the attached protocol. RNA fragmentation was carried out to a size of about 600 bp. using the enzymatic method, using divalent cations in the kit. The quality of the prepared libraries was checked using a Bioanalyzer 2100 (Agilent Technologies, Germany). Sequencing was performed using the MiSeq Reagent v. 3 kit (Illumina, USA) on a new generation MiSeq sequencer (Illumina, USA).
[bookmark: _Toc54170096]2.10 Genome sequencing of new PMV isolates
Illumina MiSeq sequencing yielded a total of 252,200 to 300,000 reads from both ends of the libraries, which were subsequently aligned to a set of control sequences that included all known avian PMVs. Subsequently, consensus was formed.
The complete nucleotide sequences of all six genes of the isolates APMV-20 / black-headed gull / Atyrau / 5541/2013 and APMV-20 / black-headed gull / Balkhash / 5844/2013 were obtained. The following order of sequence is established: 3'-NP-P / V / WMF-HN-L-5 ', which encode eight proteins: NP (459 amino acid residues (aa), P - 431 aa; V - 263aa; W - 165 aa; M - 376 аa; F - 537 аa; HN - 574 аa, and L - 2242 аa, which corresponds to the size of the genes of the reference virus APMV-20 /Seagull/Aktau/5976/2014 (Figure 8).

[image: ]
Figure 8 – Scheme of the genomic organization of the novel APMV-20

The genome sizes of the new isolates of APMV-20 viruses were comparable to those of the reference strain and included 15 954 nucleotides, which is consistent with the "rule of six" characteristic of most avian PMVs.
The genome sequences of the new Kazakh isolates APMV-20/black-headed gull/Atyrau /5541/2013 and APMV-20/black-headed gull/Balkhash/5844/2013 were 95% and 86%, respectively, identical to the reference strain. Alignment made it possible to detect areas with significant nucleotide discrepancies, unevenly distributed throughout the genome.
As is known, genomic PMV RNA is a single strand containing terminal regions: a leader at the 3'-end (55 nt) and a trailer at the 5'-end (50–776 nt). The 3'-leader end portion of the APMV-20 isolates contained 55 bp. and was conservative for the entire family. Two nucleotide substitutions, C45T and A50G, were identified in the Balkhash / 5844 isolate, as well as a unique T30C substitution in the Atyrau / 5541 isolate. The length of the 5'-trailer end section was 248 n.d. and there are 87 nucleotide substitutions found. It should be noted a high degree of complementarity of the terminal regions with each other (twenty initial nucleotides) on both 3 'and 5' ends, which indicates the possible presence of promoter elements in these regions.
Comparative molecular analysis of Avian avulavirus 20 isolates. Kazakhstani Avian avulavirus 20 isolates showed significant genetic variability among themselves and contained a total of 2640 nucleotide substitutions, of which 273 were nonsynonymous; changing the amino acid structure.
The nucleoprotein gene (NP) of Avian avulavirus 20 contains 1380 nt. and encodes 459 amino acids.
The phosphoprotein (P) gene is 1296 bp long. encodes a protein of the same name, consisting of 431 amino acids.
The matrix gene (M) of the Kazakh isolates of Avian avulavirus 20 is 1131 bp in length. and encodes a 376 amino acid protein of the same name.
The fusion protein gene (F) is 1614 nt long, and encodes a protein of the same name in 537 amino acids.
The hemagglutinin neuraminidase (HN) gene has a length of 1725 nt. and encodes the protein of the same name in 574 amino acids.
The largest viral gene L, which encodes RNA-dependent RNA polymerase (L), has a length of 6729 nt. and encodes a protein of the same name at 2242 amino acids.
[bookmark: _Toc54170097]2.11 Phylogenetic characteristics of new PMVs and their molecular analysis 
The phylogenetic trees of the new PMV of birds were constructed and molecular analysis was performed. Phylogenetic analysis of Avian avulavirus 20. Using the computer program Mega 6.0, a phylogenetic analysis of the genes of the new isolate was carried out in comparison with others from the international GenBank database. The results are shown in the figure 9.

[image: ]
Figure 9 – Phylogenetic relationships of the new Kazakh APMV-20 with each other and in comparison with other serotypes from the international database Genbank

As can be seen from the figure, the Kazakh isolate of Avian avulavirus 20, together with other species AAvV 2, 8, 10, and 15, formed a separate monophyletic group. Within this group, Kazakh viruses have formed a separate cluster, which indicates their significant phylogenetic remoteness from other species and a different evolutionary origin, forming separate branches.
It can also be seen that isolates from the Northern Caspian, reference APMV-20/gull/Aktau/5976/2014 and APMV-20/Great black-headed gull/Atyrau/5541/2013, formed a separate branch from isolate APMV-20/black-headed gull/Balkhash/5844/2013 isolated in another geographically remote region of South-East Kazakhstan, which also confirms the data on their significant genetic variability.
The obtained data indicate that the Avian avulavirus 20/Great black-headed gull/Atyrau/5541/2013 isolate should be considered as a natural variant of the new group APMV-20 circulating among gull birds.
Comparative molecular analysis of Avian avulavirus 20 isolates. Kazakhstani Avian avulavirus 20 isolates showed significant genetic variability among themselves and contained a total of 2640 nucleotide substitutions, of which 273 were nonsynonymous; changing the amino acid structure.
The nucleoprotein (NP) consists of 459 amino acids. Revealed amino acid substitutions in 13 positions (hereinafter, Table 1). All isolates contained the amino acid fragment 324 -FAPANYSTLYSYAMG-338, which corresponds to the conserved sequence F-X4-YX3-0-S-0-AMG (where X is any amino acid and F is an aromatic amino acid), is found in all members of the Paramyxoviridae family and is considered responsible for NN self-assembly during RNA binding.
In terms of phosphoprotein (P), the Kazakh isolate Balkhash/5844 differed from the reference strain in 83 amino acid substitutions, while isolate Atyrau/5541 differed in 17 amino acid substitutions for this gene. In terms of the protein composition of phosphoprotein, the lowest percentage of similarity of 96% was observed between the studied and reference strains, which made it possible to consider the gene encoding it as the most variable among the rest.
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Table 9 – Amino acid substitutions in viral proteins APMV-20
	
	Viral protein

	
	NP
	P

	Substitution in the position
	111
	142
	418
	419
	425
	433
	434
	438
	439
	442
	444
	445
	448
	36
	45
	46
	59
	60
	62
	63
	64
	66
	68
	69
	72
	77
	78
	80
	81
	85
	86
	87
	91
	92
	94
	95
	96
	98
	100
	101
	102
	109
	113
	116
	120
	126
	140
	144
	151
	153
	157
	159
	162
	165
	169
	174
	175
	176
	178
	179
	180
	182

	Aqtau
	S
	S
	N
	V
	L
	P
	S
	A
	E
	L
	T
	K
	S
	S
	K
	T
	Q
	A
	G
	P
	S
	K
	S
	G
	S
	P
	P
	T
	N
	N
	E
	E
	E
	L
	T
	I
	T
	A
	T
	T
	C
	T
	S
	I
	M
	S
	S
	V
	I
	S
	N
	I
	R
	I
	T
	H
	S
	H
	I
	P
	P
	A

	Atyrau
	S
	G
	S
	V
	L
	P
	S
	A
	D
	Q
	T
	K
	S
	S
	K
	T
	Q
	V
	G
	I
	S
	K
	S
	V
	S
	P
	P
	I
	N
	N
	E
	K
	N
	L
	T
	L
	A
	A
	T
	A
	C
	T
	G
	I
	M
	S
	S
	V
	I
	N
	N
	I
	R
	I
	T
	Q
	S
	H
	I
	P
	L
	T

	Balkhash
	N
	S
	N
	A
	S
	T
	L
	T
	E
	M
	V
	R
	A
	A
	R
	A
	H
	V
	E
	A
	P
	Q
	L
	G
	N
	S
	T
	I
	I
	K
	D
	E
	D
	T
	N
	L
	I
	S
	A
	T
	H
	S
	S
	V
	I
	N
	V
	F
	V
	N
	S
	T
	K
	P
	I
	H
	L
	Q
	M
	S
	L
	S

	
	

	
	P
	M
	F

	Substitution in the position
	183
	184
	192
	196
	197
	199
	200
	202
	203
	209
	210
	213
	214
	216
	222
	228
	230
	234
	235
	243
	248
	250
	251
	252
	274
	341
	348
	352
	355
	366
	373
	378
	382
	409
	13
	29
	34
	74
	84
	196
	215
	249
	253
	302
	305
	341
	343
	350
	366
	370
	375
	2
	3
	4
	5
	8
	12
	13
	15
	16
	57
	79

	Aqtau
	P
	V
	S
	Q
	S
	V
	N
	H
	L
	L
	G
	E
	S
	R
	A
	A
	V
	A
	L
	S
	A
	I
	V
	H
	K
	S
	P
	S
	I
	P
	S
	S
	M
	V
	A
	T
	K
	T
	P
	T
	I
	R
	R
	R
	C
	K
	I
	I
	L
	G
	S
	M
	D
	S
	L
	T
	V
	A
	F
	S
	I
	S

	Atyrau
	P
	A
	S
	Q
	S
	V
	N
	H
	L
	L
	G
	E
	N
	H
	A
	A
	V
	V
	L
	S
	A
	I
	V
	H
	K
	S
	P
	S
	L
	P
	S
	S
	M
	V
	A
	N
	R
	T
	Q
	S
	V
	R
	K
	R
	C
	K
	I
	I
	P
	G
	S
	T
	D
	F
	P
	I
	A
	V
	F
	S
	M
	S

	Balkhash
	S
	A
	N
	P
	G
	L
	S
	L
	P
	P
	D
	G
	S
	H
	G
	V
	A
	V
	P
	L
	V
	T
	A
	R
	R
	A
	T
	N
	L
	S
	N
	T
	V
	I
	S
	T
	K
	M
	Q
	T
	I
	K
	K
	K
	S
	R
	L
	V
	P
	V
	G
	A
	I
	A
	L
	K
	A
	I
	L
	P
	I
	N

	
	

	
	F
	HN

	Substitution in the position
	86
	96
	100
	103
	105
	155
	162
	246
	258
	263
	264
	296
	312
	382
	394
	396
	407
	408
	424
	433
	459
	467
	477
	498
	506
	514
	519
	520
	521
	12
	43
	45
	65
	70
	85
	94
	99
	109
	147
	151
	164
	170
	257
	271
	282
	284
	285
	287
	290
	293
	323
	325
	328
	361
	375
	380
	385
	437
	460
	465
	466
	482

	Aqtau
	N
	G
	A
	I
	A
	E
	V
	T
	I
	A
	S
	I
	H
	T
	L
	K
	N
	T
	I
	I
	V
	N
	D
	V
	I
	L
	I
	I
	A
	N
	V
	A
	I
	D
	I
	V
	Q
	V
	S
	I
	R
	R
	K
	T
	S
	S
	N
	D
	N
	R
	R
	S
	D
	K
	R
	T
	S
	E
	Y
	S
	V
	I

	Atyrau
	N
	G
	A
	F
	A
	E
	V
	S
	V
	S
	S
	I
	R
	T
	V
	K
	N
	T
	A
	V
	V
	N
	D
	V
	I
	I
	I
	I
	S
	N
	V
	V
	I
	D
	I
	V
	K
	M
	S
	I
	R
	R
	K
	V
	S
	T
	H
	D
	N
	R
	K
	P
	N
	R
	K
	N
	S
	E
	Y
	S
	I
	I

	Balkhash
	S
	E
	T
	I
	T
	D
	I
	T
	V
	S
	L
	V
	R
	I
	V
	R
	K
	A
	I
	V
	I
	H
	E
	M
	V
	L
	V
	L
	A
	T
	I
	I
	T
	E
	M
	I
	Q
	V
	N
	H
	S
	H
	R
	I
	L
	S
	H
	N
	D
	K
	G
	S
	N
	K
	K
	S
	I
	D
	H
	A
	I
	V

	
	

	
	HN
	L

	Substitution in the position
	488
	501
	522
	526
	41
	73
	75
	82
	83
	85
	90
	93
	100
	125
	129
	165
	175
	228
	233
	238
	251
	269
	279
	286
	298
	322
	334
	338
	350
	358
	396
	416
	425
	427
	530
	537
	631
	640
	641
	730
30
	732
	798
	917
	937
	973
	1040
	1130
	1164
	1190
	1271
	1275
	1285
	1416
	1561
	1578
	1635
	1662
	1669
	1720
	1745
	1746
	1747

	Aqtau
	A
	I
	N
	S
	T
	S
	I
	S
	S
	E
	L
	R
	Q
	R
	T
	N
	M
	I
	D
	V
	M
	P
	T
	Y
	V
	S
	G
	P
	T
	D
	I
	R
	V
	H
	M
	H
	K
	T
	I
	K
	D
	S
	G
	V
	K
	Q
	N
	N
	T
	N
	I
	I
	T
	V
	I
	I
	S
	T
	L
	I
	I
	V

	Atyrau
	A
	V
	N
	S
	T
	S
	I
	S
	S
	E
	L
	R
	Q
	R
	T
	S
	M
	I
	D
	I
	I
	P
	A
	Y
	V
	S
	G
	P
	T
	Y
	I
	R
	I
	H
	M
	H
	K
	T
	T
	R
	D
	S
	G
	V
	R
	H
	N
	N
	T
	N
	I
	I
	T
	V
	I
	I
	N
	T
	L
	V
	I
	M

	Balkhash
	V
	V
	D
	P
	A
	N
	V
	T
	P
	G
	M
	K
	R
	K
	S
	N
	I
	M
	G
	V
	M
	T
	E
	G
	I
	A
	N
	Q
	A
	D
	V
	K
	V
	Q
	A
	R
	R
	V
	I
	K
	E
	G
	S
	I
	K
	R
	S
	H
	A
	A
	T
	M
	A
	I
	M
	V
	S
	A
	S
	V
	T
	M



	
	L
	

	Substitution in the position
	1761
	1765
	1767
	1768
	1774
	1778
	1808
	1875
	1900
	1907
	1911
	1952
	1983
	2002
	2062
	2092
	2137
	2138
	2161
	2164
	2174
	2182
	2200
	2224
	2233
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Aqtau
	A
	E
	P
	I
	K
	H
	K
	G
	T
	F
	L
	R
	K
	K
	T
	S
	L
	R
	T
	H
	I
	I
	I
	A
	S
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Atyrau
	A
	E
	P
	T
	K
	Q
	R
	G
	T
	Y
	L
	K
	R
	K
	T
	S
	F
	R
	T
	H
	V
	M
	I
	A
	I
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Balkhash
	S
	D
	S
	I
	R
	H
	K
	S
	I
	Y
	I
	R
	K
	R
	A
	A
	L
	K
	K
	Q
	I
	I
	M
	S
	S
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


Note: unique replacements are framed
[bookmark: _Toc182149235][bookmark: _Toc182150064][bookmark: _Toc182150240][bookmark: _Toc182151922]It is known that in most viruses of the Paramyxoviridae family, the P gene contains information for the synthesis of several proteins, which is achieved due to the presence of additional reading frames in mRNA or by inserting additional G-nucleotides during transcription.
The P gene of the studied isolates of Avian avulavirus 20 in positions 2175-2183 contained the AAAAGGGGG site for insertion of additional nucleotides G. It was found that mRNA without insertions in this species encodes protein P with a length of 431 amino acids, and mRNA with an insert of one G residue encodes protein V with a length of 263 amino acids, the insertion of two G residues encodes the 165 amino acid W protein, and in both the C-terminal part (starting from the insertion site) is different from that of the P.
Amino acid substitutions in 17 positions were revealed for the matrix protein. Along with NP, it turned out to be the most conservative with the least number of substitutions.
The F protein cleavage site has the amino acid sequence GEQQARQLIG, which lacks basic amino acids, which is characteristic of non-pathogenic variants. Amino acid substitutions in 40 positions have been identified for this gene. Also, this protein is characterized by the presence of glycosylation sites that can potentially affect the formation of viral particles, the binding of the virus to the cell, and pathogenesis. In the Atyrau/5541 isolate and the Aktau/5976 reference strain, six such sites were registered in positions 61, 74, 432, 456, 467, and 483. One site less in the Balkhash / 5844 isolate due to the H4671N amino acid substitution.
Hemagglutinin neuraminidase (HN) contains six conserved amino acids 234-N-R-K-S-C-S-239 responsible for attachment to sialic acid on the cell surface. Amino acid substitutions in 37 positions have been identified for this protein. The largest viral gene L, encoding an RNA-dependent RNA polymerase, is 6729 nt long. and encodes a protein of the same name at 2242 amino acids. For this protein, amino acid substitutions have been identified in 83 positions. It contains five conserved amino acids 775-QGDNQ-779 in domain III, like many minus-stranded unsegmented RNA viruses, and is believed to be involved in transcriptional activity [[endnoteRef:44]]. [44: . Xiao S, Subbiah M, Kumar S, De Nardi R, Terregino C, Collins PL, Samal SK. (2010) Complete genome sequences of avian paramyxovirus serotype 6 prototype strain Hong Kong and a recent novel strain from Italy: evidence for the existence of subgroups within the serotype. Virus Res 150: 61–72.] 



CONCLUSION
PMV of birds - RNA-containing viruses forming the subfamily Avulavirus belonging to the Paramyxoviridae family. According to the new classification, Avulaviruses are divided into three genera on the basis of phylogenetic differences - Metaavulavirus, Orthoavulavirus, Paraavulavirus [[endnoteRef:45]]. The genus Metaavulavirus includes serotypes APMV-2, APMV-5, APMV-6, APMV-7, APMV-8, APMV-10, APMV-11, APMV-14, APMV-15, APMV-20. The genus Orthoavulavirus combines avuloviruses of birds of the serotypes APMV-1, APMV-9, APMV-12, APMV-13, APMV-16, Avian orthoavulavirus (Aav) -17, Aav-18, Aav-19, APMV-20. The genus Paraavulavirus is represented by the species Avian paraavulavirus 3 (APMV-3) and Avian paraavulavirus 4 (APMV-4). [45: . Amarasinghe, G.K., Ayllón, M.A., Bào, Y. et al. Taxonomy of the order Mononegavirales: update 2019. Arch Virol (2019) 164: 1967. https://doi.org/10.1007/s00705-019-04247-4] 

To study new avulaviruses in 2018-2019. 624 biological samples were collected during spring and autumn flights in Atyrau, Almaty, Zhambyl and Karaganda regions from 489 individuals of 37 species of wild birds in the form of cloacal and tracheal washings. The overwhelming majority of the materials (574 samples) belonged to birds of aquatic and semi-aquatic ecological complexes, including two families from the orders Pelecaniformes, Podicipediformes, Anseriformes, and Charadriiformes.
Screening in RT-PCR of 624 biological samples from wild birds collected on the territory of Kazakhstan since 2018-2019, as a result of which cloacal swabs obtained on the Caspian coast in October 2018 (three samples) and on Lake Sorbulak in February 2019 (four flushes).
Seven agents were isolated with HA titers 1:64-1:256, and all of them were identified as PMV.
The identification of 63 HAA isolated in 2006-2019 from birds of aquatic and semi-aquatic complexes in PCR with primers to the conserved region of the L-gene made it possible to classify 40 agents as PMV of birds.
Sequencing of a fragment of the L-gene of 40 isolates of PMV birds 2006-2019 isolation and subsequent BLAST analysis showed that 24 isolates belong to the APMV-1 serotypes, 10 to APMV-4, one to APMV-6, three strains are assigned to the recently discovered serotype APMV-16, two to APMV-20. The results of the study show the disadvantages of serological identification methods with antigenic similarity between the serotypes APMV-1 and APMV-16.
The data obtained indicate the possibility of simultaneous circulation of various serotypes of PMV of birds, including new ones, in sympatric populations of anseriformes in Kazakhstan.
As a result of virological, molecular genetic and serological studies, data on the circulation in Kazakhstan of PMV of birds of the APMV-1, APMV-4, APMV-6, APMV-16 and APMV-20 serotypes were obtained.
Electron microscopy of the PMV of the new 20th serotype revealed the similarity of the fine structural organization of virions with other PMVs. Virions contained a supercapsid (10-15 nm) covered with spines 8-12 nm in length and 5.0 nm in diameter, hollow nucleocapsid strands with a spiral type of symmetry.
The study of the pathogenicity of new isolates of PMV birds indicated the circulation of both avirulent and highly virulent strains of APMV-1 among wild birds in the Republic of Kazakhstan. New strains APMV-20 isolated in 2013 in the Atyrau region and on the lake. Balkhash, were characterized by the absence of pathogenicity for chicken embryos and one-day-old chickens.
The complete nucleotide sequences of all six genes of the isolates APMV-20/black-headed gull/Atyrau/5541/2013 and APMV-20/black-headed gull/Balkhash/5844/2013 were obtained. The following order of their sequence was established: 3'-NP-P/V/WMF-HN-L-5 ', encoding eight proteins: NP (459 amino acid acids (aa), P - 431 aa; V - 263aa; W - 165 aa ; M - 376 aa; F - 537 aa; HN - 574 аa, and L - 2242 аa, which corresponds to the size of the genes of the reference virus APMV-20/Chaika/Aktau/5976/2014.
Analysis of the obtained complete nucleotide sequence of the viruses made it possible to find six open reading frames in its composition, which encode eight viral proteins. Comparison of the RNA of the APMV-20 strains showed their identity to each other in size, but significant genetic variability within the serotype was revealed. All nucleotide discrepancies were unevenly distributed over the entire length of the genome. In total, 2640 nucleotide substitutions were identified, of which 273 were synonymous, i.e. influencing the amino acid structure of viruses. The most conservative genes for each hundred nucleotides of the genome were the genes of the internal proteins M, NP, and L, which is typical for most known viruses.
The most genetically variable for every 100 nucleotides was the P gene, where 83 synonymous nucleotide substitutions were identified. A similar picture was observed in the study of paramyxoviruses of serotype 16 [[endnoteRef:46]], a similar phenomenon was revealed in the description of the Newcastle disease virus genotype VI [[endnoteRef:47]], where it was suggested that significant variability in the P gene region can be explained by the participation of the protein it produces in the process of adaptation of the virus to new hosts by effectively overcoming the internal defense in the form of interferon production and apoptosis. The two times less number of synonymous substitutions in the F and HN genes, which are surface glycoproteins of the viral envelope and are the main target of the host immune response, is explained as indirect evidence of the absence of a large value of antigenic drift in the evolution of paramyxoviruses. [46: . Karamendin K., Kydyrmanov A., Kasymbekov Ye., Seidalina A., Daulbayeva K., Sayatov M., Fereidouni S. Evolution of avian orthoavulavirus 16 in wild avifauna of Central Asia // Heliyon 6 (2020), https://doi.org/10.1016/J.HELIYON.2019.E03099]  [47: . Whole genome sequencing and characterization of a virulent Newcastle disease virus isolated from an outbreak in Sweden / M. Munir, A.M. Linde, S. Zohari [et al.] // Virus Genes. – 2011 – Vol. 43. – P. 261–271.
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Supplementary Agreement No. 4
to the agreement on grant financing
No. 102 dated 05 March 2018
Nur-Sultan from                                                                              "___" ________2020

State institution "Science Committee of the Ministry of Education and Science of the Republic of Kazakhstan", hereinafter referred to as the Customer, represented by the Chairman Zh.D. Kurmangaliyeva, acting on the basis of the Regulation on the Science Committee, approved by order of the Executive Secretary on July 10, 2018 No. 169-K, and by order of the Minister education and science of the Republic of Kazakhstan dated December 25, 2019 No. 169-zhқ, on the one hand, and the Limited Liability Partnership "Research and Production Center for Microbiology and Virology", hereinafter referred to as the Contractor, represented by General Director Sadanov A, K., Charter on the other hand, on the basis of Articles 401, 402 of the Civil Code of the Republic of Kazakhstan, the Law of the Republic of Kazakhstan dated February 18, 2011 "On Science", Resolution of the Government of the Republic of Kazakhstan dated May 25, 2011 No. 575 "On Approval of the Rules of Basic, Grant, Program-Target financing of scientific and (or) scientific and technical activities ", Government decree Of the Republic of Kazakhstan dated May 16, 2011 No. 519 "On National Scientific Councils", the decision of the National Scientific Council on the priority "Life and Health Science" (extract No. 2 from the Minutes of the meeting No. 2 dated March 12, 2020) and the decision of the National Scientific Council on priority "Sustainable development of the agro-industrial complex and the safety of agricultural products" (extract No. 11 from the Minutes of the meeting No. 1 dated April 10-13, 2020) concluded this Supplementary Agreement to Agreement No. 102 dated March 05, 2018 (hereinafter referred to as the Agreement) and came to the agreement as follows:
in the priority direction "Science of Life and Health":
1. In Appendix 1.1 to the Agreement:
the third paragraph of clause 2.3 of section 2 shall be amended as follows:
“- for 2020: The genetic diversity and pathogenicity of new epizootic isolates of avian influenza viruses will be studied. Subtypes, clusters and evolutionary lines of new isolates of avian influenza viruses will be identified and their pathogenic properties will be determined. Two articles will be published in peer-reviewed foreign scientific journals, indexed in the Web of Science or Scopus databases with a non-zero impact factor. A patent for new Kazakh isolates of influenza A virus will be obtained ”;
6. In Appendix 1.10 to the Agreement:
the third paragraph of clause 2.3 of section 2 shall be amended as follows:
“- for 2020: Phylogenetic trees of new PMV of birds will be built (phylogenetic characteristics) and molecular analysis will be carried out. The results of scientific research will be published in the form of three articles in peer-reviewed foreign scientific journals, indexed in the Web of Science or Scopus databases with a non-zero impact factor. The results will be presented at scientific conferences. A patent will be obtained "
Clause 3 of Section 3 shall be amended as follows:











12. This Supplementary Agreement is an integral part of the Agreement and comes into force from the moment it is signed by the parties and is valid until December 31, 2020.
13. The terms of the Agreement not affected by this Supplementary Agreement remain unchanged, and the Parties confirm their obligations under them.
14. The supplementary agreement is made in two copies, one copy for each of the parties, having the same legal force.
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APPENDIX E 
Decision of the local ethics commission 
Decision of the Local Ethics Commission
Limited Liability Company “Research and Production Center
for Microbiology and Virology"

6th Meeting 			on 8th October 2020.
6th Minutes			Assigned number 02-09-84 on 02th October 2020 

] 

The whole genome sequences of new Kazakhstani isolates APMV-20/black-headed gull/Balkhash/5844/2013 and APMV-20/black-headed gull/Atyrau/5541/2013 were 86% and 95% identical to the reference strain, respectively, which indicates significant evolutionary divergence within the serotype. In this case, we can talk about the existence of two independent lines - the Caspian, represented by the reference Aktau/5976 and Atyrau/5541, as well as the second, geographically significantly distant Balkhash line.
This study also confirms the priority role of Larid birds as the main carrier of APMV serotype 20 in nature as viruses of this serotype were isolated exclusively from birds of the Laridae family in different years and in regions remote from each other. The patents for the strains were received: APMV-13/White-fronted goose/SKO/5751/13 (Patent No. 32593); APMV-8/whooper swan/SKO/5767/2013 (Patent No. 33988).
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Novel avian paramyxovirus isolated from gulls

in Caspian seashore in Kazakhstan
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‘Sauke Asanova', Kiara Daulbayeva', Aigerim Seidalina’, Elizaveta Khan' Sally
M. Harrison”,lan M. Carr®, Simon.J. Goodman’, Abek Moldakozhayey', Marat Sayatov'
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Abstract

Threo isolates APMVIQuIKazakhstan/5976/2014, APMVIQuliKazakhstan 5677/2014 and
APMVIguilKazakhstan/S87972014, were obtained from independen samples during annual
‘surveilance for avan influenza and paramyxovinusesin wid birds fom the Caspian Sea
‘coastin Wostorn Kazakhstan, and were initally ientifod as putative paramyxoviuses on
the basis of lection microscopy. Hemagglutination Inhbtion Assays with antisora o ino.
Known APMV serotypes (APMV1-9) indicated norelation toany ofthom. Noxt gonoration
‘sequencing ofwhole genome sequences indicated the threa solates vere geneticalyidenti
cal,andhad anucteotde stucture typicalforall APMVs, consisting of si genes 3-NP-P-M-
F-HN-L-5' Phylogenetic analyses, and assossment of amino acid Kentios, suggested the
‘most cosaly elated ineageso be APMYV-2, 8, 10 and 15, but the novel isolate had less:
than 64% dentity to them and all other known avian paramyxoviruses. This value was.
‘above levels consideredio generally define ther APMV serotypes. Estimates of the evolu-
tonary divergence of the nuclootido 50quencos of the genomes of APMVhavo shown that
novel Kazakhstan APMV sirainwas closost 10 APMV-2, APMV-, APMV-10and APMV-15,
with cakoulated distance values of2.057, 2.058, 2.026 and 2.286 respectivey, whichis
above values considored o differentate other sorotypos (otsorved minmum was 1.108
betwoan APMV-1 and rocently isolated APMV/UPO216Koroa). Togother, the data suggest
thatisolate APMVI/gullKazakhstan/5676/2014 and ofhar two should be considered as the
frstropresentative of a novel APMV-20 group, and s the firs me thatavian paramyxovt
nuses have been found infecting membars ofthe gullfamily, extending the known taxonomic
host range.

Introduction

Avian paramyxoviruses (APMV) belong tothe genus Avulavirusof Paramyxoviidae fasily

possesing linear negative-srand RNA. According o the Taxonomy of the order Mononega-
virles: update 2017 [1] the are divided ino thirtcen scotypes (APMV-1-13) bused on 5.

'PLOS ONE | e rg'10,137umal pone 0190359 December28, 2017 s
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Abstract Five avisn parsmyxoviruses of serotype §
(APMVS) were isolted during 2 study monitoring wild
binds in Kazakhstan in 2013 and esch ws further charac-
terized. The viruses were isolsted fom thiee Whie-fronted
e (Anser alifrons), one Whooper swan (Cygnus g-
s, and one Litle st (Calidris minat). Befoe ou sty
only two complete APMY-S sequences had been eported
‘worldwide since thei discovery in the USA and Japan in
the 19705, e report thecomplet senomme sequences o the
ewly detectd viruses nd analyze the genctic evolaion of
the APMVS vinses over four decade.

Introduction

Avian paramyxviruses (APMVS) can be taxonomically
Clasificd within the geaus Avulavirus of the family Para-
mysoviidae snd include 15 seroypes: APMV-1 through
151,616, 19, 201 APMY-1, or Neweaste discase virus
(NDV). i the st requently iolsted APMV and iseco-
nomicallythe mst imporant viral discas fo he pouliry
industy [1] Therefor, extensive rescarch has been con-
ducted on APMV.1, whereas vry lile is known about
the molecular and biological characerstics of the other

R ottt of Wildite By, Unvesy
o Ve Medie Vi Vicoms, Ak
Lottt e R, vy

Laborory f Vil Ecloy. st of Micobilogy
i Vimaogy. by, Kskin

Scrotypes. Apart from APMV-S, all APMY's have been
reported in wild birds, and several serotypes, including
APMV-10, 11, 12,13 a0d 14 have been isoated exclusively
rom wild birds (6] Thus fa,repors of APMY-A,8.9, 12
and 14 have been restriced 0 ducks snd geese (6,

“The first tw strains of APMV-S were iolated from
‘Canadian goose in the USA in 1976 and a pintil i Japan
1978 2. 26] At that tme,they were characerized and
considered a a new serotype based on hemagslutination
iabibiion tcst (H1) and double immunodifision assay. The
‘whol genome sequences of thee stsins were ecenly pub-
Hished in GenBank 15] and their complete sequences are
‘availble a5 APMY-Sgoose/Delaware/ 105376 (consdered
s the prootype stsin) and APV-Spintil Wakuyal 20075
INCBL updatd It Jun. 2017]. Insptc of accouns iy
ing APMV-S during wild bird monitoring studics s well 5.
A eported 48% seroprevalence in commercally produced
chickens inthe United Satcs [25.ony one more APMY-S
Scquence has since been repoted:  short hemagltinin-
curaminidase (HN) sequence from a Tundeasvan in Japan
23] The molecularundersanding of this seroype s thee-
fore limited.

Inthisstudy. we rportthe complte genome sequences
of fve new APV iolstesfrom Kazakhstan snd discuss
thee genetc relsonship o on another and incomparison
o th other available seguences.

‘Materials & Methods
‘Sampling and preliminary identification
During a study monitoring wild birds in 2013 [13], fve

emagslutinting viruses were isolated from cloacal svals
Samples from three Whie-frnted gese,one Whooper suan

4 Springer
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ISOLATION AND MOLEKULAR-GENETIC CHARACTERISTICS
OF THE NOVEL AVIAN PARAMYXOVIRUS APMV-13

Abstract. The article presentsthe daa on the isoltion, identficsion and phylogenetic analysis of the novel
svismparamovine(APMV) cerotype. Eightesn positive zsmples of APMVevere obtaned duwing reverse trame-
‘rption:polymersce chiin seacion screenung of 204 saples collected in five regions of Kazaklitn. The seques-
cing resuls of the L gone fagment and BLAST analyis indicated on circulation of previowly wskaown avin.
‘paramyxovin: novel seroype inthe populains of ld birds of Kazkivtan Full genome sequencin of e olate
APMV-13iwhite rontd goose North Kazakboran'S7512013 was performed on fhe next generstion ssquencing.
PlatforFiSeq 3000 (Limins). The zaquence of genes was determined 32 3'NP-PV/WALF-ENL-S, sncoding.
Sight protein characteishe to the svisn prsmovine: Phylogensti studie: have shown that e svisn pars.
‘myovins serotype 13 3 novel natal variant, sigificanty diffrent fom othes seroype:.
‘Key words: paramyxoviras, APMV-13,polymersse chain reaction, gene, sequencing, phylogenetic anlysis.

Introduction. Avian paramyxovinuses (APMV) are RNA-confaining viruses that form the Avula-
virus subfamily belonging to the Paramyxoviridae family and can cause diseases with different clinical
‘manifestations in most species of wild birds. According to the new classification, Avulaviruses on the
basis of phylogenetic differences are divided into three genders ~Metamulavirus, Orthoavulavirus,
Paraavulavirus_ Until 2015, twelve serotypes of APMV (APMV-1-12) were known [14]

In 2015-2017 the repors were published about the discovery of seven novel seroypes of the APMV:
from wild geese in Japan (5], Kazakhstan [6] and Ukaine[7], threefromducks in Japan [8], Korea [9] and.
from sandpiper in Brazil 10 three more viruses were simultaneousy isolated ffom anfarctc penguins.
[11]. These data suggest that APMV are actively circulating in the wild avifauma and there 1s a high
‘probability of the occuence of other pathogenic varian.

‘To date, study of APMVs is widely conducted in various regions of the world, 50 a large program is
caried out within the famevvork of the European nefuwork of excellence (EPIZONE) with the partii-
pation of many Old World countris.

Tsolation and description of novel serofypes in the femitory of Kazakhstan will make a significant
contribution o this research.

‘The aim of the paper is to describe APMVs of novel serofypes circulating in Kazakhstan avian
‘populatons, to study their virological and molecular genetic features.

Materials and methods. For virological studies, samples were collected in the form of cloacal,
‘racheal washings fom birds of water and near-water complexes. The washes were collected vith a sterle
cotton swab, placed in vials of medium 199 containing 2 complex of antibiotics (penicillin 2000 Ul
Streptomycin 3 me/m, gentamicin 50 g/l nystatin 50 Uit and bovine serum albumin (0.5%/ml). For
the droppings and cloacal swabs, the concentration of antibiotics was fivefold increased. Samples before
virological studies were stored in liquid nitrogen (-196 °C).
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Ammoramns
TIpreonsTCA pesyasTaTs! BRetenna mecTH (6434/15. 6438/15. 6440/15. 6444/15.
6446/15. 6451/15) sa015T0B NapaMKCoBHpyCa I ceporsna-1 B ORHoM Kazaxcrase
TIo ZARMANM QRIOTEHCTIICCKIX HCCIeA0Barmf mrans TIMB-1/cisstit roTybe/
“ToRnaK/6444/15 MPOSEIET GITOE POICTEO C empomelicKIM BAPRANTAMH H 110 Texy
Geflia CTSEIR OTHeces B KIACTe YHHKATHHRIY BHPYCOB B IPEXETaX KTacca 1

Abstract
‘The results of isolation of six isolates (6434/15. 6438/15, G440/15, 6444/15, 6446715,
6451/15) of avian serotype 1 paramyxovirus in South Kazakhstan are presented.
‘The strain APMV-1/Rock dove/Chokpaki/6444/15 in phylogenetic assay of the fusion
‘protein gene showed a close relationship to the European like variants and was prescribed.
to the cluster of unique viruses within the class 1

‘Bostesss HE10KACTA IPEICTABTAET COGOM CepEe3HYI0 YTPOy LT MTHIIEBONCTER.
50 5cent smpe [1]. BosGyAuTems GoTesHH OTHOCHTCS K ITHWBEMY CEpOTHITY TIapa-
aacosmpycos-1 (TIMB-1) 13 ceneficrea Paramyxoviridae, poxa Avulavirus [3]
Verasosero, wT0 supycs Gotessn Hetoxacta (BBH) pasTisbrx msmi
IIpeACTaBIAOMME PasHEE TEOrPAITIECKHE DETHOHH!, OTHOBPEMERHO MOTBEP-
TAIOTCH IBOTIONMHOHHED HIMEHERHAM, 9T0 JHATHTETSEO SATPYIHAET KORTPOTS
¥ mHArEOCTHKY Gote3n [4, 5] MorTexyIApHO-TeHe TH e CKHe HOCTETOBAHN BEIA-
BHIH HEOTHOPOTHOCTS Nomy i BEH, mapkympyiomsx 3 Mupe. B Hactosmee

© ET Kacsnubexos, K.O.Kapaemmm, AW Keumipwamos, M X Casros,
K JL Taybacsa, E. 5L Xas, C.A. Cyaciuerosa, 2018.
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The several transcontimentalywaysof migraory birds verap and pss through the ertory ofKazakhstan. Viralogical
suneilance of vfauna i this regon isimportant for sudy of genetic dersty of aian Paramyovirs serotype .

Tracheat and cloacal sampls rom wid irds were cllected using strile swabs placed iniral ransport medium. Samples were
noculated nto 10-day-old embryonated chicken eggs andrevese ranscription A (RT-C) assays were performed viaa one-
Stp protoco The PR products wre sequenced and phylogeneti ees were contructed using the Neighbour oining’
mathod,

according 0 the resuls ofphylogenetcsudies o usion protei gene, APMIV-1/chicken/lmaty/36/2016 0 APMIY-/rock
Pigeon/Chokpak/6444/2015 was clssfied s diferent clsses (12).The Kazakhstan strain APMV-1/chicken/lmaty/36/2016
wazi the group of virses elongin  he Vil ganatype of s 2, snd he olte APMV-4rock pigeon/Chokpak/6444/2015
wasicluded i th cluster withinthe a5 1 Velogeni variant APMY-1/Cormorant/Alaol/6945/2016 s rfered to the
EEnotype Vb, th ather - APM-1/comman myna/Chokpak/S434/3015 t genatype V.

anayssof the amino acid (2] sequences of Hi and Fproein of the Kazakhstan slate APMY-1/chicken/lmaty/36/2016
revesed the presance of th bsic 33 RRGKR at postions 112115 ofth F-pratein cieavage 5t which demonstates thi high
pathogenicy. The APMV-1ock pigeon/Chokpak/6444/2015 do ot bear mitile basic a n th ndiated st (ERQES).
These data demonstate genetic divesity of aian Paramy s erotype  ciatng among poulry and wid birds i
pr——

Sermukhammet Kassymbekov, Marat Sayatov, Kabey Karamendin’, Aidyn Kydyrmanovt

Kazakh ational Agrarian Universkt, Almaty, Kazakhstan. stitute ofMicrobology and Virology, Aimaty, Kezakhstan
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1. HAUMEHOBAHUWE NCHTOJIHUTEJISA:
PI'I na IXB «MucruryT mukpoduoaorun u supycosorun» KH MOH PK

1.1 o npuopureTy: Hayku 0 5KH3HH 1 310pOBbE.

1.2 .Tlo noanpuoputery: DyHAaMeHTalbHble W NPHUKIAJAHbBIE WCCIEL0BAHMS B obnactu
ouonorun. buoxumuueckue, (U3MOJOTMUECKME K MOJICKY/IAPHO-TEHETHYCCKNUE  MEXaHM3MbI
JKU3HEAeATEIBHOCTH MUKPOOPraHM3MOB, rpuboB 1 Bojgopocieii. Teopernueckue n NpakTHUECKHE
OCHOBbI MX MCMOIL30BaHMS B OMOTEXHONOTMH.

1.3 Tlo Teme npoekta: AP05133370 «MonekynsipHas 5BOJIOUMA HOBBIX /I HayKH
NapaMHUKCOBUPYCOB, LIMPKYIUPYIOLLUX CPEIM AUKUX MITHLL B Kazaxcrane»

1.4 O6was cymma npoekta 24 000 000 (/{Baauath YeThipe MU/IHOHA) TEHTE, B TOM UHCAE €

pasGUBKON 110 roj1am, 15l BLINOJHEHMS pabOT COrNAacHO MyHKTY B:

-Ha 2018 roa - B cymme 8 000 000 (BoceMb MUIIHOHOB) TEHTE;

-1a 2019 roa - B cymme 8 000 000 (Bocemb MUIIMOHOB) TEHTE;

- 1a 2020 roa - B cymme 8 000 000 (BoceMb MHIIIMOHOB) TEHTE.

2. XAPAKTEPUCTUKA HAYUHO-TEXHUYECKOW MPO/IYKIIMHA 110

KBAJIM®UKAIIMOHHBIM ITPU3HAKAM U YKOHOMUYECKHUE IIOKA3ATEJ/IN

2.1 Hanpagaetue paboThl: hyHAaAMEHTANbHbIC HCCIC10BAHUA.

2.2 OO0nacTb MPUMEHEHMs: BETEPUHApHS, MEIULMHA, CE/bCKOEe X0351UCTBO, OXpaHa
OKpYIKatoLen Cpebl.

2.3 KoHeuHblii pe3ysbTar:

- 32 2018 roa: Gyaer ocyuiecTeiaeH cGop 06pasuos opuutodayHbi, Pan-paramyxovirus TLIP-ckpunuHD Gnonpob n
gbinenenne [IMB ntuu B pesynstate HUP Gynyt Bbinesnensi Hosbie n3onstsl [IMB nruu. Pe3ynbTaTbl Hay4HBIX
Jccne0Banuit GyayT OMyGIMKOBAHbI B BHIE CTATbH B OJHOM W3 PELEH3MPYEMbIX 3apyOekHbIX HIH OTEHECTBEHHDIX
M31aHUSX ¢ HenyleBbIM nMnakT-dakTopon (Virologica Sinica, Eurasian Journal of Applied Biotechnology, JIHAH PK,
Bectnnk HAH PK, Ussectus HAH PK). PesynbTatsl GyayT npeicTaBieHbl HA HAYYHBIX KOH(PEPEHLMSAX;

- 3a 2019 roa: Gyayt ocyuiecTieH MOpHONOrHUYECKHIT aHAIN3 KA3aXCTAHCKHX H30JSTOB [MMB ntuy, OyayT
OnpeneneHbl MX NATOEHHOCTH. ByayT W3yueHbl matonoruueckue, u MOPQONOrHYECKHE XapaKTePHCTHKM IMB.
Pe3ynbTaThl HayuHBIX HCCINOBAHHIT OyayT ONyGAHKOBAHbI B BHAE CTATbH B OHOM M3 PELEH3MPYEMbIX 3apyOeskKHbIX
WAH OTEUeCTBEHHBIX W3AHMAX C HeHyleBbiM nMmakT-(aktopom (Virologica Sinica, Eurasian Journal of Applied
Biotechnology, IHAH PK, Bectiuk HAH PK, M3sectua HAH PK). Pesynbrars! OynyT MpeacTaB/eHbl HA HAYYHBIX

KOH(epeHumuAX.
- 3a 2020 roa: 6ynyT (pumoreHeTHUECKas XapakTEPUCTHKA) MOCTPOEHb! (UIOreHETHUECKHE APeBA HOBbIX ITMB
MTHL M NPOBEIEH MONEKYJIAPHBIT aHann3. Pe3yibTaThl HayYHbIX HCCNEA0BAHN GynyT onyGIMKOBaHBI B BUE CTATbEH

B TpeX M3 HHUKE MPECAJIOKEHHOTO CMHCKA PEUCH3HUPYEMBIX !(l]‘)'\—\c}f\')ibl.\ HAYUHbIX M3IaHHAX C HCHYICBbIM UMIMAKT-
(akTopoM, MHaeKcHpyeMmbix B Gaszax nauubix Web of Science nan Scopus: Archives of Virology, Virus Genes,
Virology Journal, Acta Virologica, Intervirology, Bonpocet supyconorun. Pesynbrathi OyayT npeactas/ienbl Ha
HayuHbIX KOH(epeHLUMsx.byner nonyuen nareur.

2.4 [1aTeHTOCNOCOBHOCTb: Pe3y/IbTaThl HCCEN0BAHMS TATEHTOCNIOCOOHbIE.

2.5 HayuHO-TeXHUYeCKHH ypoBeHb (HOBU3HA): BLICOKHMH.

2.6 Mcrosnp30BaHHe HAYYHO-TEXHHUUECKON MPOAYKLMH OCYLIECTBIAETCS: 3aKasiukoMm H
HcnonHuTenem COBMECTHO.

2.7 Bua MCTONb30BaHMs Pe3yabTaTa HayuHol 1 (M/1M) HaYUHO-TEXHMUYECKON ACSTeIbHOCTH:
nyONMKaLMHK, OTYEThI.

w
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KOMJIEKLUHH na6opaTopuu nokasare/iiMH remarrm()'ruuupylomeﬁ H

MHEKUMOHHOH aKTHBHOCTH

1.2 | C6op nonesbIx anpenb no 1 |Byayr coGpaHbl nojeBble MaTepHalbl OT AMKHX
MaTepHasoB OT AMKHX 2018 roa | Hos6pb | nTHLL B pasnuuHbiX pernoHax Kasaxcrana
NTHLL B Pa3THYHbIX 2018
peruvoHax Kasaxcrana roaa

1.3 | Cxpunuur 6nonpo6 B HIONb no 1 | Byner ocywectsien ckpunuHr Guonpo6 B IILIP ¢
TLIP ¢ npaiimepamu K 2018 roa | HosOps | npaiimepamu K KOHCEpBATHBHOM
KOHCEpBATHUBHO# 2018 |nocnenosarenbhoctn redoma I[IMB nruu Byayr
MOCJIE/10BATEIbHOCTH roga | orobpanbl nosnoxkurensHsie Ha PHK TIMB npoGer 1
resoma [TMB nTrig 'AA B xozne Pan-paramyxovirus [TLIP-ckpHHHHTa

1.4 | Msonauus B cucreme PKD | okta6pb | 101 |Byaer ocyuwecrtsieHa usonaums B cucteme PKO
IIMB ntuu v ux 2018 roa | HoaGpsa | coGpantoro matepuana 2019 roga [TMB nuu u ux
naeHTHdHUKauns 2018 | uaeHTHdHKaLMA.

rona |Byayr Bbigenenbl, MAeHTHQUUMPOBaHBI  MyTeM
CEKBEHHPOBAHHS ¢parmenTa L reHa, ']
KJ10HMpoBaHbl Ha PKD Hoseie n3oaaTel [IMB.

1.2 | C6op nonesbIx SHBaphb nol |Byayr coOpaHbl nojeBble W [ATONOrHYECKHE
MaTepuasoB OT JANKHX 2019 roa | HOsGPE | MaTepHasbl OT AMKMX MTHL B Pa3s/MYHBIX perHoHax
MTHLL B Pa3THYHBIX 2019 | Ka3saxcraua

ernoHax Kasaxcrana ropa |

1.3 CipHHuHr 64ONpo6 & SAHBapb no 1l |Byser  ocyulectBieH — CKPUHMHT  cOOpaHHOro
T1LIP ¢ npaiimepami K 2019 roa | HosGpa MaTSpMaﬂa 2019 ropa 6uonpod B TILIP S
KOHCEpBATHBHOH 2019 | npaiivepamu K KOHCEpBAaTUBHOH
B ] roga |nocnenosarenbHoctd redoma [MIMB nruu Byayr

oTo6panbl nonoskutenbhbie Ha PHK [IMB npoGbl 1
redoma [IMB nruu .
['AA B xoae Pan-paramyxovirus I1L[P-ckp1HHHIra

1.4 | Usonsums B cucteme PKD | ausapb nol |Byner ocyuectsieHa uzonsauus B cucreme PKD

| TIMB nrru 1 nx 2019 roa | HoaGps | [IMB nTHu 1 uX uaeHTHHUKaLMS.

i naeHTHUKALMUS 2019 |Byayr BblaeneHbl, WACHTHHHULUMPOBAHBLI  MyTeM
| roja | CeKBEHMpPOBAHHSA dparmeHTa L reHa, ']
| KJ10HHpoBaHbl Ha PKD HoBbie n3onaTh [TMB.
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2 | Mopdonoruyeckui AHBapb n0o1 | Byser ocywectsieH MOPGhOTOrHYECKHiA —aHamn3
aHAIN3 Ka3aXCTaHCKHX 2019 roxa | Hosibps | kazaxcTanckux w3onsTos [IMB  nruu,  Gyayr
uzonstos [IMB ntuu, 2019 |onpeneneHbl MX NaTOr€HHOCTH.
onpesesieH1e X rona | Byayr M3yUeHbI naTosIorHYeCKHe, "
naTOreHHOCTH Mopdosioruueckue XapaKTEPUCTHKH [IMB.

PesynbTaThl  Hay4HbIX — HMCCleloBaHMi  OyayTt
ony6GnMKOBaHbl B BMAE CTaThH B OIHOM M3
peLeH3HPYeMBbIX 3apyOeXKHBIX MM OTeYeCTBEHHBIX
M31aHMSX ~ C  HEHYJeBBIM  MMMaKT-(GakTopom
(Virologica Sinica, Eurasian Journal of Applied
Biotechnology, IHAH PK, Becruuk HAH PK,
WUsectus HAH  PK).  Pesyabratel  OyayT
NpeACTaBIIeHbl HA HAYYHbIX KOHpEpeHLHAX.

2.1 | DneKTpoHHO- AHBapb | anpeib | ByayT MpoBeieHbl 37EKTPOHHO-MHKPOCKOMHYECKOe
MMKPOCKOIHUYECKOe 2019 ron | 2019 |muccaenosanus HOBbIX W30aaTOB [IMB nTuL.
HCClIeI0BaHHE HOBbIX ron | Byayr 0Ty Y€eHbI 3IEKTPOHHOT PAMMbI
n30as1oB [IMB nruu KazaxcTaHckux u30/1s1oB [IMB nTuu

22 ViaysieHHe naToreHHoCTH okTs6pb | g0 1 |Byayr (M3yueHbl) —onpeaeneHbl  MaTOreHHOCTh
e aToBSHORERE EINVMBIGA 2019 roa | HosGps | (n3onsToB  HOBbIX) [IMB  nTML  Ha  KypHHBIX

| i 2019 |>mGpuoHax
| KypHHBIX 3MOpHOHAX
roaa

2.3 |IMoaroroeka GubanoTek auBapb | anpenb | Byaer nposeneHo (noarotoska GuéauoTek)
JUIS CEKBEHUPOBaHHsl 2019 roa | 2019 |noaHOreHOMHOE CEKBEHHPOBaHHE FE€HOMOB
reHoMa roa | usonsito Hoseix [IMB

2.4 | CekBEHHPOBAHHE F€HOMOB |  HIOTb no 1 | Byzaer npoBeaeHO MOJHONeHOMHOE CEKBEHHPOBaHHE
n3onsaToB HOBbIX [IMB 2019 roa | HoAGps | reHoMOB H3071STOB HOBBIX [TMB.

2019
roaa
22 VisysieHHe NaToreHHoCTH AHBaph no |l |Byayr (u3ydeHbl) OMpeleseHbl  MaTOreHHOCTh
OTHTGE Hoss [IMB Ba 2020 roa | HOAGpst | MmyTeM  OMpe/eeHus HMHTPABEHO3HOTO  MHAEKCa
2020 |marorenHocTd (M3onsTo HoBbix) [IMB ntuu Ha
KypHHBIX SMOpHOHAX
roja | KypHHbIX IMOpHOHAX

2.4 | CekBeHMpoBaHHe reHOMOB | siHBaph | CeHTAO | By/eT mpoBeJeHO MOJTHOreHOMHOE CeKBEHHPOBAHHE
u3015TOB HOBBIX [IMB 2020 roa | pb 2020 | revomo  u3osaToB  Hosbix [IMB - pasnnunbix

roja | cepaTHIioB.

3 | dunoreHeTHyecKas SHBapb nol | Byayr (bunoreHeTnyeckas — XapaKTEPHCTHKA)
XapaKTEePHCTHKA HOBBIX 2020 roa | HoAGps | MOCTpOeHb! HIOreHeTHYECKMe apesa HOBbIx [IMB
[IMB 1 1x MOneKyAspHbIA 2020 |nTML M TPOBEAEH  MOJIEKYJIAPHbIH  aHau3.
aHan3 roma |PesynbTaThl  HayuHbIX  HMccenoBaHui - GyayT

ony61MKOBaHbl B BHIE CTaTbed B TPEX W3 HHKE
NPEIOKEHHOTO CrIHCKa PeLIEH3HPYEMbIX
3apyGeKHBIX HAYUHBIX HM3JaHHAX C  HEHYJCBbIM
uMnakT-pakTopoM,  MHIeKcHpyemblx B Gasax
nanHbix Web of Science mau Scopus: Archives of
Virology, Virus Genes, Virology Journal, Acta
Virologica, Intervirology, Bompockl BHpYCOTOrHH.
Pesynptathl OyaAyT TpEACTaBlI€Hbl HA Hay4YHbIX
KoH(pepeHunax. by et nosmyyeH naText.

3.1 | [osny4eHHe MMMYHHbIX AHBapb | anpeib | ByayT nojydeHbl HMMYHHbIE ChIBOPOTKH K HOBBIM
CcBIBOPOTOK K HoBbiM [IMB | 2020 rox | 2020 |[IMB  nyrem — MMMYyHH3aUMH 11abopaTOPHBIX

roJ_ | JKHBOTHBIX

3.2 | Onpenesnierye aHTHreHHbIX | anpeib | HiOHb | ByayT onpe/eneHbl aHTHICHHbIE B3aHMOOTHOLICHHS
p3anMoOTHOLIEeHHI HoBbIX | 2020 roa | 2020 | HoebIX 3onsTos [IMB
nzoastos [IMB roa

3.3 | OunoreHeTHYECKHH MIOb | ceHTAD | ByAyT 1OCTpOeHbl (puioreHeTHueckHe  (aHan3)
anasn3 Hosbix [IMB 2020 rox | pb 2020 | apeBa, ompeaeneHa KJIacTepHas NPHHAANCKHOCTD

roa__ | Hosblx [IMB

53





image15.png
34

[MomecTuts B
MeKIyHapoIHyto 6asy
JAaHHBIX ["enbank
MHTepecHbIe JUIS MUPOBOIi
HayKu
TI0CIe10BATEILHOCTH
BHUPYCOB

OKTAOPEH
2020 rox

no 1 |B MexayHaponryio Gasy manubix Ienbank GyyT

HOAOpS | MOMeILeHbl  (MHTEpecHble I8 MHPOBOH HayKi
2020 |mocnenoBaTeNBHOCTH  BHPYCOR) BbISB/ICHHbIE
roja | BHPYCHI /UIA IOCTYNA YUEHBIX APYTHX CTPaH.
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