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Changes to virus taxonomy and to the International Code of Virus Classification and Nomenclature ratified by the International Committee on Taxonomy of Viruses (2021)

des établissements d'enseignement et de recherche français ou étrangers, des laboratoires publics ou privés.

Introduction

Changes to virus taxonomy (the universal scheme of virus classification of the International Committee on Taxonomy of Viruses [ICTV]) take place annually and are the result of a multi-stage process. In accordance with the ICTV Statutes (https:// ictv. global/ statu tes. asp), taxonomic proposals (TaxoProps) submitted to the ICTV Executive Committee (EC) undergo a review process that involves input from the ICTV Study Groups (SGs) and Subcommittees (SCs), other interested virologists, and the EC. After final approval by the EC, proposals are presented for ratification to the full ICTV membership by posting on the ICTV website (https:// ictv. global/), followed by an electronic vote.

The latest set of proposals approved by the EC was made available on the ICTV website in February 2021 (see https:// ictv. global/ propo sal/ MSL36/ for all proposals combined into a single zip file, and use the links provided in the References to access individual proposals). A list of proposals was then emailed on 3rd February 2021 to the 176 members of ICTV, namely the EC Members, Life Members, ICTV SC Members including the SG chairs, and ICTV National Representatives. Members were then requested to vote on whether to ratify the taxonomic proposals. Voting closed on 5th March 2021.
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Changes to virus taxonomy, to the International Code of Virus Classification and Nomenclature, and to the ICTV Statutes ratified in 2021

All proposals were ratified by ICTV members, in every case receiving an absolute majority of votes; at least 60% of eligible voters approved each proposal. A summary of the taxonomy changes enacted by ratification of the proposals is provided in Table 1. Each proposal is cited and listed in the References to acknowledge the authors' efforts and to provide links to the specific proposal on the ICTV website . These documents remain available for those who wish to see the full details of the proposals. A ratified nontaxonomic proposal 2020.002G [3] specifies a novel procedure for expedited correction of unintended errors that may occur during proposal writing but clearly do not reflect the intention of the proposers, as described in the submitted proposal documentation. Examples of such errors include assignment of a lower-rank taxon to an incorrect higher rank, inadvertent introduction of duplicate taxon names, or assignment of a misspelled taxon name. Since the changes ratified by ICTV take effect immediately, this mechanism was used to correct seven proposals that relate to proposals ratified in March 2021 but were found to contain errors upon crosschecking [18,[START_REF] Kuhn | Correct errors inadvertently introduced into phylum Negarnaviricota taxonomy[END_REF][START_REF] Walker | Correct an error in the spreadsheet for ratified proposal 2020[END_REF][START_REF] Brinton | Correct errors in previous proposals (Nidovirales: Arteriviridae[END_REF]254,255,297].

A notable change approved this year is the adoption of a uniform binomial format for naming of virus species [START_REF] Adriaenssens | Modify the International Code of Virus Classification and Nomenclature (ICVCN) to prospectively mandate a uniform genus-species type virus species naming format[END_REF]. Previously, virologists have not been required to follow the convention of species naming that has been established in other fields of biology, whereby the species name consists of the genus name separated by a space from a species epithet that identifies the species within that genus. Over the last several decades, the case for a standardized nomenclature for virus species has been acknowledged by the ICTV and by many other virologists, but a uniform format of the species names had not been adopted (see references [298][299][300][301][302][303][304] for an incomplete but relatively representative account of the opinion spectrum). The case for a binomial nomenclature was presented by the ICTV Executive Committee in 2018 and 2020, and the advantages and disadvantages of different naming formats within the binomial framework were discussed [305,306]. The EC then invited comments on this position from the virology community. Comments from ICTV SGs were also solicited and received by the EC SCs. Debates of the merits of various forms of binomial nomenclature took place in social media (e.g., 307) and in journal publications [308,309]. Taking these discussions and comments into account, ICTV ratified the adoption of a standardized binomial system, which may follow either Latinized or free form formats [START_REF] Adriaenssens | Modify the International Code of Virus Classification and Nomenclature (ICVCN) to prospectively mandate a uniform genus-species type virus species naming format[END_REF]. The ICTV SGs are now charged with conversion of all existing virus species names to the new binomial form; the process has started already and is expected to be completed in time to be considered by an EC meeting planned for 2023. It is worth emphasizing that this system concerns only the names of virus species but does not affect the names of viruses.

Another general proposal [START_REF] Siddell | Abolish type species[END_REF] was the abolition of the requirement for a type species-a designated nomenclatural type for each genus. The ICTV noted that the requirement for type species in virus taxonomy was largely historical. Most importantly, the ICVCN defines virus species as follows: "A species is a monophyletic group of viruses whose properties can be distinguished from those of other species by multiple criteria", suggesting that the emphasis on "defining" a genus has been shifting from the properties of any particular member to the closeness of molecular and ecological relationships between all genus members. The ICTV concluded that the concept of a type species no longer serves a clear and useful purpose in virology and voted to abolish it. One more proposal [START_REF] Kuhn | Expand, amend, and emend the International Code of Virus Classification and Nomenclature (ICVCN[END_REF] has clarified the remit of the ICTV. In addition to viruses, ICTV has been classifying viroids and virus satellites, though none of these mobile genetic elements, including viruses themselves, have been operationally defined, leaving the limits of the ICTV scope unclear. This has been clarified now by giving operational definitions of viruses sensu stricto, viriforms, viroids, and satellites. These entities together constitute the virosphere and are within the remit of the ICTV responsibilities for their classification, taxonomy and nomenclature. The historical name of the organization-the International Committee on Taxonomy of Viruses-remains unchanged.

Conclusion

All proposals submitted to ratification were ratified by an absolute majority of the ICTV, and the changes are now part of official ICTV taxonomy. An up-to-date list of all approved taxa, which now includes more than 9000 virus species, can be found on the ICTV website: see https:// ictv. global/ propo sal/ MSL36/ for the Master Species List and https:// ictv. global/ vmr/ for the Virus Metadata Resource. Except for Donald M. Dempsey, R. Curtis Hendrickson, Richard J. Orton and Donald B. Smith, the authors were members of the ICTV Executive Committee during the relevant period. The views and conclusions contained in this document are those of the authors and should not be interpreted as necessarily representing the official policies, either expressed or implied, of the US Department of Health and Human Services, or of the institutions and companies affiliated with the authors.
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	Summary of taxonomic changes approved in March	Rank	Total, MSL-35 a New	Moved Abolished Renamed Merged Total, MSL-36 b
	2021	Realm	4	2	0	0	0	0	6
		Kingdom	9	1	0	0	0	0	10
		Phylum	16	1	0	0	0	0	17
		Class	36	3	0	0	1	0	39
		Order	55	4	1	0	1	0	59
		Family	168	22	5	1	1	0	189
		Subfamily 103	33 c	2	0	0	0	136
		Genus	1,421	807	69	3 c,d	10	1	2,224
		Subgenus	68	2 d	0	0	2	0	70
		Species	6,590	2,562 126	30	215	12	9,110
		a Total number of taxa in the ICTV Master Species List prior to 2021 ratification		
		b Total number of taxa now recognized and reported in the ICTV Master Species List	
		c One new subfamily promoted from genus					
		d One new subgenus demoted from genus					

  Irido virid ae_ 1nsp. zip. andor.doszpoly@gmail.com 10. Harrison RL, Herniou EA, Jehle JA, Theilmann DA, Burand JP, Krell PJ, van Oers MM, Vlak JM (2020) Create two new genera and eight new species (Lefavirales: Nudiviridae) https:// ictv. global/ ictv/ propo sals/ 2020. 005D.R. Nudiv iridae_ 2ngen_ 8nsp. zip. Robert.L.Harrison@ars.usda.gov 11. Harrison RL, Herniou EA, Jehle JA, Theilmann DA, Burand JP, Create four new genera (Quwivirus, Patagivirus, Bossavirus, Manticavirus) including five new species and two previously unassigned species, and one new species in the genus Varicellovirus (Herpesvirales: Herpesviridae) https:// ictv. global/ ictv/ propo sals/ 2020. 007D.R. Herpe sviri dae_ 4ngen_ 6nsp. zip. andrew. davison@glasgow.ac.uk 13. Tarján ZL, Pénzes JJ, Doszpoly A, Harrach B, Benkő M (2020) Create one new genus (Testadenovirus) and six new species (Rowavirales: Adenoviridae) https:// ictv. global/ ictv/ propo sals/ 2020. 008D.R. Adeno virid ae_ 1ngen_ 6nsp. zip. maribenko@gmail. com 14. Fisher M, Harrison T, Nebroski M, Kruczkiewicz P, Rothen-one new species (Caudovirales: Schitoviridae) https:// ictv. global/ ictv/ propo sals/ 2020. 075B.R. Huelv avirus. zip. jow12@dsmz.de 141. Adriaenssens EM, Tolstoy I, Kropinski AM, Moraru C, Wittmann J (2020) Create one new subfamily (Humphriesvirinae) including three existing genera (Caudovirales: Schitoviridae) https:// ictv. global/ ictv/ propo sals/ 2020. 076B.R. Humph riesv irinae. zip. jow12@dsmz.de 142. Adriaenssens EM, Tolstoy I, Moraru C Kropinski AM (2020) Create three new species in the genus Ilzatvirus (Caudovirales: Siphoviridae) https:// ictv. global/ ictv/ propo sals/ 2020. 090B.R. Laroy evirus. zip. Phage.Canada@gmail.com 156. Adriaenssens EM, Tolstoy I, Kropinski AM (2020) Create one new genus (Lastavirus) including two new species (Caudovirales: Podoviridae) https:// ictv. global/ ictv/ propo sals/ 2020. 091B.R. Lasta virus. zip. Phage.Canada@gmail.com 157. Kropinski AM, Tolstoy I, Adriaenssens EM, Kabwe M, Tucci J Myoviridae) https:// ictv. global/ ictv/ propo sals/ 2020. 098B.R. Marfa virus. zip. Phage.Canada@gmail.com 164. Adriaenssens EM, Tolstoy I, Moraru C, Kropinski AM (2020) Create one new species in the genus Marthavirus (Caudovirales: Myoviridae) https:// ictv. global/ ictv/ propo sals/ 2020. 099B.R. Marth avirus. zip. Phage.Canada@gmail.com 165. Oksanen HM, Krupovic M, Jalasvuori M (2020) Create one new family (Matsushitaviridae) including one renamed genus (Hukuchivirus -formerly Gammasphaerolipovirus) moved from the family Sphaerolipoviridae (Halopanivirales) https:// ictv. global/ ictv/ propo sals/ 2020. 100B.R. Matsu shita virid ae. zip. matti.jalasvuori@jyu.fi 166. Adriaenssens EM, Tolstoy I, Kropinski AM, Ramsey J (2020) Create one new genus (Menderavirus) including three new species (Caudovirales: Myoviridae) https:// ictv. global/ ictv/ propo sals/ 2020. 101B.R. Mende ravir us. zip. Phage.Canada@gmail.com 167. Adriaenssens EM, Tolstoy I, Kropinski AM, Moraru C, Wittmann J (2020) Create one new subfamily (Migulavirinae) including two existing genera (Caudovirales: Schitoviridae) https:// ictv. global/ ictv/ propo sals/ 2020. 102B.R. Migul aviri nae. zip. jow12@ dsmz.de 168. Adriaenssens EM, Tolstoy I, Kropinski AM Ramsey J (2020) Create one new genus (Moabitevirus) including two new species (Caudovirales: Myoviridae) https:// ictv. global/ ictv/ propo sals/ 2020. 103B.R. Moabi tevir us. zip. Phage.Canada@gmail.com 169. Adriaenssens EM, Tolstoy I, Kropinski AM (2020) Create one new genus (Moturavirus) including one new species

	(Mononegavirales: Rhabdoviridae) https:// ictv. global/ ictv/		
	propo sals/ 2020. 010M.R. Lostr havir us_ 1nsp. zip. peter.walker@		
	uq.edu.au		
	35. Balkema-Buschmann A, Dundon WG, Duprex WP, Easton AJ,		
	Fouchier RAM, Kurath G, Lamb RA, Lee B, Rima BK, Rota		
	PA, Wang LF (2020) Create one new species (Avian metaavu-		
	Krell PJ, van Oers MM (2020) Create one new class (Naldaviri-cetes) including one new order (Lefavirales) for four families of arthropod-specific large DNA viruses https:// ictv. global/ ictv/ propo sals/ 2020. 006D.R. Nalda viric etes. zip. Robert.L.Harrison@ ars.usda.gov 12. Gatherer D, Benkő M, Brandt CR, Bryant NA, das Neves CG, Dastjerdi A, Depledge DP, Doszpoly A, Gompels UA, Hartley CA, Inoue N, Jarosinski KW, Kaul R, Lacoste V, Norberg P, Origgi FC, Orton RJ, Pellett PE, Schmid DS, Spatz SJ, Stew-art JP, Szpara ML, Trimpert J, Vaz P, Waltzek TB, Davison AJ (2020) Arvind.varsani@asu.edu 16. Penzes JJ, Canuti M, Söderlund-Venermo M, Eis-Huebinger AM, Ogliastro M, Harrach B (2020) Create three new genera and 19 new species (Piccovirales: Parvoviridae) https:// ictv. global/ ictv/ propo sals/ 2020. 011D.R. Parvo virid ae_ 3ngen_ 20nsp. zip. judit. penzes@ufl.edu 17. Hepojoki J, Hetzel U, Paraskevopoulou S, Drosten C, Harrach B, Zerbini M, Koonin EV, Krupovic M, Dolja V, Kuhn JH (2020) Create one new realm (Ribozyviria) including one new fam-ily (Kolmioviridae) including genus Deltavirus and seven new genera for a total of 15 species https:// ictv. global/ ictv/ propo sals/ 2020. 012D.R. Riboz yviria. zip. jussi.hepojoki@helsinki.fi 18. Harrach B (2020) Correct the misspelt name of one species (Bluegill hepatitis B virus) in the genus Metahepadnavirus (Blu-bervirales: Hepadnaviridae) https:// ictv. global/ ictv/ propo sals/ lavirus 22) in the genus Metaavulavirus (Mononegavirales: Paramyxoviridae) https:// ictv. global/ ictv/ propo sals/ 2020. 011M.R. Metaa vulav irus_ 1nsp. zip. b.rima@qub.ac.uk 36. Hughes HR (2020) Create 16 new species and abolish one spe-cies in the genus Orthobunyavirus (Bunyavirales: Peribunya-viridae) https:// ictv. global/ ictv/ propo sals/ 2020. 012M.R. Ortho bunya virus_ 16new_ sp_ aboli sh_ 1sp. zip. LTR8@cdc.gov 37. Dietzgen RG, Freitas-Astúa J, Kondo H, Whitfield AE, Bejer-man N, Debat H, Walker PJ (2020) Create two new species in the genus Alphanucleorhabdovirus, three new species in the genus Betanucleorhabdovirus, two new species in the genus Cytorhabdovirus and two new species in the genus Varicosa-virus (Mononegavirales: Rhabdoviridae) https:// ictv. global/ ictv/ propo sals/ 2020. 013M.R. Plant_ rhabd oviru ses_ 9nsp. zip. r.dietzgen@uq.edu.au 38. Walker PJ, Blasdell KR, Dietzgen RG, AR, Fooks, Freitas-Astúa J, Kondo H, Kuzmin IV, Tesh RB, Vasilakis N, Whitfield AE (2020) Create one new genus (Alphapaprhavirus) includ-ing two new species (Mononegavirales: Rhabdoviridae) https:// ictv. global/ ictv/ propo sals/ 2020. 014M.R. Alpha paprh avirus_ 1gen2 sp. zip. peter.walker@uq.edu.au 39. Walker PJ, Blasdell KR, Dietzgen RG, Fooks AR, Freitas-Astúa J, Kondo H, Kuzmin IV, Tesh RB, Vasilakis N, Whitfield AE (2020) Create one new genus (Merhavirus) including two new species (Mononegavirales: Rhabdoviridae) https:// ictv. global/ ictv/ propo sals/ 2020. 015M.R. Merha virus_ 1gen2 nsp. zip. peter.walker@uq.edu.au 40. Walker PJ, Blasdell KR, Breyta R, Dietzgen RG, Fooks AR, Freitas-Astúa J, Kondo H, Kurath G, Kuzmin IV, Stone DM, Tesh RB, Tordo N, Vasilakis N, Whitfield AE (2020) Create three new subfamilies in the family Rhabdoviridae (Mononega-virales) https:// ictv. global/ ictv/ propo sals/ 2020. 016M.R. Rhabd oviri dae_ 3subf am. zip. peter.walker@uq.edu.au 41. Shi Z-L, Kuhn JH, Lukashevich IS, Clegg JCS, Gonzalez J-PJ, de la Torre JCC, Hepojoki J, Salvato M, Stenglein M, Buchmeier MJ, Charrel RN, Radoshitzky SRR, Günther S, Romanowski V, de Lamballerie X, Sironi M, Agwanda B (2020) Create one new species in genus Mammarenavirus (Bunyavirales: Arenaviridae) https:// ictv. global/ ictv/ propo sals/ 2020. 017M.R. Mamma renav irus. zip. zlshi@wh.iov.cn 42. Mordecai GJ, Miller KM, Di Cicco E, Schulze AD, Kaukinen KH, Ming TJ, Li S, Tabata A, Teffer A, Patterson DA, Fergu-son HW, Suttle CA (2020) Create one new species in genus Antennavirus (Bunyavirales: Arenaviridae) https:// ictv. global/ ictv/ propo sals/ 2020. 018M.R. Anten navir us. zip. gidmord@ gmail.com 43. Hepojoki J (2020) Create two new species in the genus Hart-Siphoviridae) https:// ictv. global/ ictv/ propo sals/ 2020. 077B.R. Ilzat virus. zip. Phage.Canada@gmail.com 143. Adriaenssens EM, Tolstoy I, Kropinski AM, Barylski J (2020) Create one new genus (Jarrellvirus) including one new species (Caudovirales: Siphoviridae) https:// ictv. global/ ictv/ propo sals/ 2020. 078B.R. Jarre llvir us. zip. Jakub.Barylski@gmail.com 144. Adriaenssens EM,Tolstoy I, Kropinski AM, Morozova V, Bar-ylski J (2020) Create one new genus (Kamchatkavirus) includ-ing one new species (Caudovirales: Siphoviridae) https:// ictv. global/ ictv/ propo sals/ 2020. 079B.R. Kamch atkav irus. zip. Jakub. Barylski@gmail.com 145. Kropinski AM, Adriaenssens EM, Turner D (2020) Create one new genus (Kanagawavirus) including two new species (Cau-dovirales: Myoviridae) https:// ictv. global/ ictv/ propo sals/ 2020. 080B.R. Kanag awavi rus. zip. Phage.Canada@gmail.com 146. Adriaenssens EM, Tolstoy I, Turner D, Kropinski AM (2020) Create one new genus (Karimacvirus) including five new species (Caudovirales: Siphoviridae) https:// ictv. global/ ictv/ propo sals/ 2020. 081B.R. Karim acvir us. zip. Phage.Canada@gmail.com 147. Kropinski AM, Adriaenssens EM, Neve H, Franz CMAP, Sprotte S (2020) Create one new genus (Knuthellervirus) including one new species (Caudovirales: Siphoviridae) https:// ictv. global/ ictv/ propo sals/ 2020. 082B.R. Knuth eller virus. zip. Phage.Canada@ gmail.com 148. Kropinski AM, Turner D, Adriaenssens EM (2020) Create one new genus (Kozyakovvirus) including one new species (Cau-dovirales: Podoviridae) https:// ictv. global/ ictv/ propo sals/ 2020. 083B.R. Kozya kovvi rus. zip. Phage.Canada@gmail.com 149. Adriaenssens EM, Tolstoy I, Moraru C, Kropinski AM (2020) Create one new genus (Kuleanavirus) including one new species (Caudovirales: Siphoviridae) https:// ictv. global/ ictv/ propo sals/ 2020. 084B.R. Kulea navir us. zip. Phage.Canada@gmail.com 150. Adriaenssens EM, Tolstoy I, Kropinski AM (2020) Create one new genus (Kungbxnavirus) including one new species (Cau-dovirales: Myoviridae) https:// ictv. global/ ictv/ propo sals/ 2020. 085B.R. Kungb xnavi rus. zip. Phage.Canada@gmail.com 151. Adriaenssens EM, Tolstoy I, Turner D, Kropinski AM (2020) Create one new genus (Kylevirus) including one new species (Caudovirales: Myoviridae) https:// ictv. global/ ictv/ propo sals/ 2020. 086B.R. Kylev irus. zip. Phage.Canada@gmail.com 152. Kabwe M, Petrovski S, Tucci J, Adriaenssens EM, Tolstoy I, Kro-pinski AM (2020) Create one new genus (Lahexavirus) including four new species (Caudovirales: Podoviridae) https:// ictv. global/ ictv/ propo sals/ 2020. 087B.R. Lahex avirus. zip. Phage.Canada@	(2020) Create one new genus (Latrobevirus) including one new species (Caudovirales: Siphoviridae) https:// ictv. global/ ictv/ propo sals/ 2020. 092B.R. Latro bevir us. zip. Phage.Canada@gmail. com 158. Adriaenssens EM, Tolstoy I, Turner D, Kropinski AM (2020) Create one new genus (Leicestervirus) including three new spe-cies (Caudovirales: Siphoviridae) https:// ictv. global/ ictv/ propo sals/ 2020. 093B.R. Leice sterv irus. zip. Phage.Canada@gmail.com 159. Adriaenssens EM, Tolstoy I, Moraru C Kropinski AM (2020) Create one new genus (Seongbukvirus) including one new spe-cies and create four new species of Leuconostoc phages in two existing genera (Caudovirales: Siphoviridae) https:// ictv. global/ ictv/ propo sals/ 2020. 094B.R. Leuco nostoc_ sipho virus es. zip. Phage.Canada@gmail.com 160. Callanan J, Stockdale SR, Adriaenssens EM, Kuhn JH, Rumnieks J, Shkoporov A, Draper LA, Ross RP, Hill C (2020) Rename one class (Leviviricetes -formerly Allassoviricetes), rename one order (Norzivirales -formerly Levivirales), create one new order (Timlovirales), and expand the class to a total of six families, 420 genera and 883 species https:// ictv. global/ ictv/ propo sals/ 2020. 095B.R. Leviv irice tes. zip. c.hill@ucc.ie 161. Truncaitė L, Kropinski AM, Adriaenssens EM, Šimoliūnas E (2020) Create one new genus (Lietduovirus) including one new species (Caudovirales: Myoviridae) https:// ictv. global/ ictv/ propo sals/ 2020. 096B.R. Lietd uovir us. zip. Phage.Canada@gmail.com 162. Wittmann J, Adriaenssens EM, Kropinski AM (2020) Create one new genus (Littlefixvirus) containing one new species (Cau-dovirales: Schitoviridae) https:// ictv. global/ ictv/ propo sals/ 2020. 097B.R. Littl efixv irus. zip. Johannes.Wittmann@dsmz.de 163. Kropinski AM, Tolstoy I, Turner D, Adriaenssens EM (2020) Create one new genus (Marfavirus) including two new species (Caudovirales: Quadram Institute Bioscience, Norwich Research Park, Norwich NR4 7UQ, UK
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