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Introduction

Spumaretroviruses belong to the subfamily Spumaretrovirinae in the family Retroviridae.

They are highly prevalent in animals of diverse non-primate mammalian families [Bovidae (cloven-hooved ruminants), Felidae (cats), Equidae (horses and relatives), and Rhinolophidae (horseshoe bats)], as well as nonhuman primates (NHPs), including apes, Old World monkeys (OWM), New World monkeys (NWM), and prosimians [START_REF] Rethwilm | Foamy viruses[END_REF][START_REF] Rethwilm | Evolution of foamy viruses: the most ancient of all retroviruses[END_REF]. Members of the subfamily Spumaretrovirinae, commonly referred to as foamy viruses, have a broad tissue and cell tropism and virus infection is generally latent, except in some tissues of the oral cavity ( [START_REF] Falcone | Sites of simian foamy virus persistence in naturally infected African green monkeys: latent provirus is ubiquitous, whereas viral replication is restricted to the oral mucosa[END_REF][START_REF] Murray | Replication in a superficial epithelial cell niche explains the lack of pathogenicity of primate foamy virus infections[END_REF].

The earliest reports of foamy virus isolates were of simian origin (NWM, OWM, and apes) and were originally classified serologically using neutralization assays [START_REF] Hooks | The foamy viruses[END_REF][START_REF] Meiering | Historical perspective of foamy virus epidemiology and infection[END_REF]. The first "human" spumaretrovirus isolate was obtained from cultures of a human nasopharyngeal carcinoma in 1971 and was originally designated "human foamy virus (HFV)" [START_REF] Achong | A new human virus in cultures from a nasopharyngeal carcinoma[END_REF][START_REF] Achong | An unusual virus in cultures from a human nasopharyngeal carcinoma[END_REF], but was later found to be of chimpanzee origin based upon sequence identity to chimpanzee foamy virus and renamed as prototype foamy virus (PFV) [START_REF] Meiering | Historical perspective of foamy virus epidemiology and infection[END_REF][START_REF] Herchenroder | Isolation, cloning, and sequencing of simian foamy viruses from chimpanzees (SFVcpz): high homology to human foamy virus (HFV)[END_REF]. Cross-species transmissions of simian foamy viruses (SFVs) to humans have occurred by exposure to fluids or tissues from infected NHPs [START_REF] Betsem | Frequent and recent human acquisition of simian foamy viruses through apes' bites in central Africa[END_REF][START_REF] Calattini | Simian foamy virus transmission from apes to humans, rural Cameroon[END_REF][START_REF] Engel | Zoonotic simian foamy virus in Bangladesh reflects diverse patterns of transmission and co-infection[END_REF][START_REF] Heneine | Human infection with foamy viruses[END_REF][START_REF] Heneine | Identification of a human population infected with simian foamy viruses[END_REF][START_REF] Mouinga-Ondémé | Cross-species transmission of simian foamy virus to humans in rural Gabon, Central Africa[END_REF][START_REF] Schweizer | Markers of foamy virus infections in monkeys, apes, and accidentally infected humans: appropriate testing fails to confirm suspected foamy virus prevalence in humans[END_REF][START_REF] Stenbak | New World simian foamy virus infections in vivo and in vitro[END_REF][START_REF] Switzer | Frequent simian foamy virus infection in persons occupationally exposed to nonhuman primates[END_REF][START_REF] Switzer | Novel simian foamy virus infections from multiple monkey species in women from the Democratic Republic of Congo[END_REF][START_REF] Wolfe | Naturally acquired simian retrovirus infections in central African hunters[END_REF][START_REF] Khan | Simian foamy virus infection in humans: prevalence and management[END_REF][START_REF] Brooks | Crossspecies retroviral transmission from macaques to human beings[END_REF][START_REF] Callahan | Persistent zoonotic infection of a human with simian foamy virus in the absence of an intact orf-2 accessory gene[END_REF]. Although foamy viruses are exogenously transmitted viruses, endogenous foamy virus sequences have been identified and characterized in genomes of many species, including aye-aye (Daubentonia madagascariensis), sloth (Choloepus hoffmanni), Cape golden mole (Chrysochloris asiatica), coelacanth (Latimeria chalumnae), platyfish (Xiphophorus maculatus), and zebrafish (Danio rerio) [START_REF] Katzourakis | Discovery of prosimian and afrotherian foamy viruses and potential cross species transmissions amidst stable and ancient mammalian co-evolution[END_REF][START_REF] Aiewsakun | Marine origin of retroviruses in the early Palaeozoic Era[END_REF][START_REF] Katzourakis | Macroevolution of complex retroviruses[END_REF][START_REF] Han | An endogenous foamy-like viral element in the coelacanth genome[END_REF][START_REF] Han | An endogenous foamy virus in the aye-aye (Daubentonia madagascariensis)[END_REF][START_REF] Han | Endogenous viral sequences from the Cape golden mole (Chrysochloris asiatica) reveal the presence of foamy viruses in all major placental mammal clades[END_REF][START_REF] Ruboyianes | Foamy-like endogenous retroviruses are extensive and abundant in teleosts[END_REF]. In fact, molecular evolution studies have indicated that spumaretroviruses have co-speciated with their hosts for millions of years [START_REF] Katzourakis | Discovery of prosimian and afrotherian foamy viruses and potential cross species transmissions amidst stable and ancient mammalian co-evolution[END_REF][START_REF] Katzourakis | Macroevolution of complex retroviruses[END_REF][START_REF] Ghersi | Wide distribution and ancient evolutionary history of simian foamy viruses in New World primates[END_REF][START_REF] Switzer | Ancient co-speciation of simian foamy viruses and primates[END_REF]. Recently, phylogenetic analyses using amphibian and fish genomes have estimated the date of retrovirus emergence at >450 million years ago [START_REF] Aiewsakun | Marine origin of retroviruses in the early Palaeozoic Era[END_REF] with foamy viruses inferred to be the most ancient retrovirus. A recent increase in the number of foamy virus isolates and sequences using a variety of novel molecular and genomic techniques highlights the need for updating and expanding spumaretrovirus taxonomy [START_REF] Mouinga-Ondémé | Cross-species transmission of simian foamy virus to humans in rural Gabon, Central Africa[END_REF][START_REF] Ghersi | Wide distribution and ancient evolutionary history of simian foamy viruses in New World primates[END_REF][START_REF] Ayouba | Nonhuman primate retroviruses from Cambodia: high simian foamy virus prevalence, identification of divergent STLV-1 strains and no evidence of SIV infection[END_REF][START_REF] Liu | Molecular ecology and natural history of simian foamy virus infection in wild-living chimpanzees[END_REF][START_REF] Wu | Virome analysis for identification of novel Mammalian viruses in bat species from chinese provinces[END_REF][START_REF] Muniz | Identification and characterization of highly divergent simian foamy viruses in a wide range of New World primates from Brazil[END_REF][START_REF] Troncoso | Characterization and comparative analysis of a simian foamy virus complete genome isolated from Brazilian capuchin monkeys[END_REF][START_REF] Blasse | Mother-offspring transmission and age-dependent accumulation of simian foamy virus in wild chimpanzees[END_REF][START_REF] Calattini | Detection and molecular characterization of foamy viruses in Central African chimpanzees of the Pan troglodytes troglodytes and Pan troglodytes vellerosus subspecies[END_REF][START_REF] Calattini | Natural simian foamy virus infection in wild-caught gorillas, mandrills and drills from Cameroon and Gabon[END_REF][START_REF] Goldberg | Coinfection of Ugandan red colobus (Procolobus [Piliocolobus] rufomitratus tephrosceles) with novel, divergent delta-, lenti-, and spumaretroviruses[END_REF][START_REF] Huang | Foamy virus in the tree shrew Tupaia belangeri is highly related to simian foamy virus in Macaca mulatta[END_REF][START_REF] Jones-Engel | Sensitive assays for simian foamy viruses reveal a high prevalence of infection in commensal, free-ranging Asian monkeys[END_REF][START_REF] Mouinga-Ondeme | Two distinct variants of simian foamy virus in naturally infected mandrills (Mandrillus sphinx) and cross-species transmission to humans[END_REF][START_REF] Richard | Cocirculation of Two env Molecular Variants, of Possible Recombinant Origin, in Gorilla and Chimpanzee Simian Foamy Virus Strains from Central Africa[END_REF][START_REF] Yoshikawa | Construction of an infectious clone of simian foamy virus of Japanese macaque (SFVjm) and phylogenetic analyses of SFVjm isolates[END_REF][START_REF] Kehl | Complete genome sequences of two novel Puma concolor foamy viruses from California[END_REF][START_REF] Hechler | Complete genome sequences of two novel European clade bovine foamy viruses from Germany and Poland[END_REF].

The taxonomic history of Spumaretrovirinae has been based only on the few early virus isolates. Although "foamy virus" was discovered in rhesus monkey kidney cultures in 1955 [START_REF] Rustigian | Infection of monkey kidney tissue cultures with virus-like agents[END_REF], simian foamy retroviruses, were not formally classified until the Second Report (1976) of the International Committee on Taxonomy of Viruses [ICTV], which assigned bovine syncytial virus (BSV), feline syncytial virus (FSV), hamster syncytial virus (HSV), human foamy virus (HFV), and simian foamy virus (SFV) to the "genus-less" subfamily Spumavirinae [START_REF] Fenner | Classification and nomenclature of viruses. Second report of the International Committee on Taxonomy of Viruses[END_REF]. In the Third (1979) ICTV Report, the still genus-less subfamily Spumavirinae contained only four viruses (BSV, FSV, HFV, and SFV) [START_REF] Matthews | Classification and nomenclature of viruses. Third Report of the International Committee on Taxonomy of Viruses[END_REF]. By the Fifth (1991) ICTV Report, all three subfamilies (Oncovirinae, Lentivirinae, and Spumavirinae) of the Retroviridae were abandoned and seven genera created, including Spumavirus, which contained BSV, FSV, HFV, and SFV [START_REF] Coffin | Family Retroviridae[END_REF], with HFV designated as the type species. This taxonomy was upheld in the Sixth (1995) ICTV Report, but HFV was referred to as human spumavirus [START_REF] Coffin | Family Retroviridae[END_REF]. The Seventh (2000) ICTV Report for the first time differentiated between species and viruses. Chimpanzee foamy virus was designated the type species and chimpanzee foamy virus (formerly human spumavirus) was assigned to it (according to ICTV rule, virus name is not italicized). The other species were Bovine foamy virus (containing bovine foamy virus; formerly bovine syncytial virus), Feline foamy virus (containing feline foamy virus, formerly feline syncytial virus), Simian foamy virus 1 (containing simian foamy virus type 1), and Simian foamy virus 3 (containing simian foamy virus type 3) (54). In the Eighth (2005) ICTV Report, based upon the distinct replication pathway of foamy viruses, which contains features homologous to both retroviruses and hepadnaviruses [START_REF] Linial | Foamy viruses are unconventional retroviruses[END_REF], the subfamily Spumaretrovirinae was reinstated for the genus Spumavirus.

The species Simian foamy virus 1 was renamed Macaque simian foamy virus and the virus assigned to this species, simian foamy virus 1, was renamed macaque simian foamy virus.

Similarly, the species Simian foamy virus 3 was renamed African green monkey simian foamy virus and the virus in this species, simian foamy virus 3, was renamed African green monkey simian foamy virus; the species Chimpanzee foamy virus was renamed Simian foamy virus and the virus in this species, chimpanzee foamy virus was renamed simian foamy virus. In addition, the species Equine foamy virus was established for equine foamy virus. No changes were made to Bovine foamy virus and Feline foamy virus [START_REF] Linial | Family Retroviridae[END_REF]. The most recent, Ninth (2011) ICTV Report, lists six spumavirus species for six viruses [START_REF] Stoye | Family Retroviridae[END_REF], and this current classification is shown in Table 1.

The current taxonomy for spumaretroviruses is outdated as it does not accommodate new foamy viruses discovered in NHPs of various species, including OWM and NWM [START_REF] Ghersi | Wide distribution and ancient evolutionary history of simian foamy viruses in New World primates[END_REF][START_REF] Muniz | Identification and characterization of highly divergent simian foamy viruses in a wide range of New World primates from Brazil[END_REF]58). Furthermore, formal nomenclature for designating virus isolates is lacking, particularly for simian foamy viruses, which has led to some confusion in virus descriptions and references in publications and retrieval of sequences deposited in public databases. The critical need for updating spumaretrovirus taxonomy and for developing a consensus nomenclature for different foamy viruses was recognized by the scientific community and discussed at the International Foamy Virus Conference held in 2014 in Puławy, Poland [START_REF] Materniak | Tenth International Foamy Virus Conference 2014-achievements and perspectives[END_REF] and in 2016 in Paris, France [START_REF] Buseyne | Eleventh International Foamy Virus Conference-Meeting Report[END_REF].

Here, we present an updated and expanded spumaretrovirus taxonomy based upon current knowledge that accounts for host-virus co-speciation and cross-species transmission.

Furthermore, the proposed virus nomenclature can be applied to all spumaretroviruses, including non-primate and primate viruses.

Updated 2017 spumaretrovirus classification

The recent increase in the number of primate and non-primate spumaretroviruses warranted an update of the current ICTV classification as well as establishment of a more consistent nomenclature. This updated taxonomy, which was proposed by the authors to the Executive Committee of the ICTV on June 18, 2017, is shown in Table 2. The following changes were proposed based on analyses of sequences of spumaretrovirus genomes available in public databases:

• the existing genus Spumavirus was replaced by five genera named Bovispumavirus, Equispumavirus, Felispumavirus, Prosimiispumavirus, and Simiispumavirus because the spumaretrovirus phylogeny largely reflects the host phylogeny (Fig. 1), supporting the hypothesis of spumaretrovirus-host co-evolution [START_REF] Switzer | Frequent simian foamy virus infection in persons occupationally exposed to nonhuman primates[END_REF][START_REF] Katzourakis | Discovery of prosimian and afrotherian foamy viruses and potential cross species transmissions amidst stable and ancient mammalian co-evolution[END_REF][START_REF] Katzourakis | Macroevolution of complex retroviruses[END_REF][START_REF] Ghersi | Wide distribution and ancient evolutionary history of simian foamy viruses in New World primates[END_REF][START_REF] Switzer | Ancient co-speciation of simian foamy viruses and primates[END_REF];

• the established species Bovine foamy virus, Feline foamy virus, and Equine foamy virus were included in the new genera Bovispumavirus, Felispumavirus, and Equispumavirus, respectively. Additionally, the species Puma feline foamy virus was included in genus Felispumavirus;

• a new species, Brown greater galago simian foamy virus, was included in a new genus Prosimiispumavirus;

• the previously established species were included in the new genera, and new species were established for previously unclassified spumaretroviruses. Species names were chosen based upon the viral host animal names. The previous species simian foamy virus was renamed Eastern chimpanzee simian foamy virus. The species Macaque simian foamy virus and African green monkey simian foamy virus were renamed Taiwanese macaque simian foamy virus and Grivet simian foamy virus, respectively, and together with Eastern chimpanzee simian foamy virus were included in genus Simiispumavirus. Eleven additional NHP spumaretrovirus species were added to this genus. Each proposed species is represented by at least one virus for which a complete genome sequence has been deposited in public databases.

In addition to the viruses included in the updated taxonomy submitted to the ICTV in 2017, there are other foamy virus isolates, that are phylogenetically distinct from the currently included ones and, were not included in the proposal because of the lack of a complete coding genome sequence. These are shown in Table 3 and are envisioned to be included in future taxonomic updates, along with other available sequences at that time. It should be noted that the simian foamy virus Macaca fascicularis (SFVmfa) is also included in this table (and in Fig. 1) since it is expected to be submitted in the next update based upon a published full-genome sequence [START_REF] Sakai | First complete genome sequence of a simian foamy virus isolate from a cynomolgus macaque[END_REF].

Additionally, based upon recent discussions related to viruses identified by metagenomics, sequences that are distinct phylogenetically from the currently classified viruses and have been completely sequenced in their coding regions may be classified officially by the ICTV even in the absence of a virus isolate (62).

Updated 2017 spumaretrovirus nomenclature

Previously, different spumaretroviruses were named by adding three-letter lower-case abbreviations to "SFV" (simian foamy virus) derived from the common names of the hosts from which the viruses were isolated. For instance, SFVmac was used for simian spumaretroviruses infecting macaques and SFVagm was used for simian spumaretroviruses infecting grivets (African green monkeys, agm) [START_REF] Meiering | Historical perspective of foamy virus epidemiology and infection[END_REF]. However, this general designation of viruses does not distinguish strains infecting hosts of different species or subspecies. The genus Macaca (macaques) includes more than 20 species the members of which are distributed throughout Asia, with one also in Africa, and the genus Chlorocebus (African green monkeys) includes six species, the members of which are distributed across sub-Saharan Africa. The most confusing virus name was "simian foamy virus", which referred to foamy viruses from all NHPs except macaques and African green monkeys.

Here we propose a spumaretrovirus nomenclature similar to that used for simian immunodeficiency virus and simian T-lymphotropic virus isolates. Accordingly, all spumaretrovirus names will contain the words "foamy virus" preceded by an adjectival classifier indicating the host (e.g., bovine, feline, simian) followed by the name of the species, or in some cases subspecies, of the particular host. The virus host name and "foamy virus" are abbreviated in capital letters (e.g., feline foamy virus is abbreviated FFV, simian foamy virus is abbreviated SFV) followed by lower-case three-letter abbreviations for the host species name. These abbreviations are comprised of the first letter of the host genus and the first two letters of the species or subspecies (e.g., simian foamy virus Macaca cyclopis is abbreviated SFVmcy) (Tables 23), or the first letter of the species or subspecies and the next unique letter, when the letters are the same (e.g. simian foamy viruses isolated from New World primates such as Leontopithecus chrysomelas and Leonthopithecus chrysopygus would be abbreviated as SFVlcm and SFVlcp, respectively). In the case of an unknown host species, the first letter of the genus name is followed by "xx" (italics letters). Virus isolate names are designated by using the virus abbreviation followed by an underscore that appends additional, isolate-identifying information such as the host from which it was isolated (for instance, "hu" for human), isolate designation, and other identifying information. For example, simian foamy virus Pan troglodytes schweinfurthii, human isolate HSRV, clone 13 will be designated as SFVpsc_huHRSV.13, and feline foamy virus Felis catus strain FUV7 will be designated as FFVfca_FUV7 (Table 4).

Similarly, in case of inter-species transmission involving nonhuman primates, SFV from western red colobus monkey (Philiocolobus badius badius) isolated from a wild chimpanzee subspecies Pan troglodyes verus (63) will be designated as SFVpba_pveLeo. Furthermore, for recombinant viruses (including naturally-occurring and those genetically-engineered), the designation "[RF]" is included at the end (e.g., SFVmcy_FV34[RF] (64).

Conclusions

The updated and expanded spumaretrovirus taxonomy presented here was initially submitted to the ICTV on June 18, 2017, and is currently provisionally approved by the ICTV Executive Committee. The proposal now awaits ratification by vote of the International Union of Microbiological Societies (IUMS) Virology Division, which will occur in the first quarter of 2018. The new taxonomy format is easily expandable to accommodate new genera and species for classification of newly discovered foamy viruses. Additionally, we have established a spumaretrovirus nomenclature that considers host-virus co-speciation and cross-species transmission, and incorporates host animal species information and strain and/or animal identification codes in spumaretrovirus names and their abbreviations. This collaborative effort is aimed toward unifying classification and designations of spumaretroviruses to facilitate easy comparisons of reported foamy virus isolates.
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Figure 1 .

 1 Figure 1. Foamy virus phylogeny reflects long-term virus-host co-speciation. Evolutionary relationships were inferred using

Table 1 .

 1 Current spumaretrovirus taxonomy according to ICTV a

	Family	Subfamily	Genus	Species	Virus name
	Retroviridae Spumaretrovirinae Spumavirus African green monkey simian foamy virus	African green monkey simian foamy virus (SFVagm) b
				Bovine foamy virus	bovine foamy virus (BFV)
				Equine foamy virus	equine foamy virus (EFV)
				Feline foamy virus	feline foamy virus (FFV)
				Macaque simian foamy virus	macaque simian foamy virus (SFVmac) c
				Simian foamy virus*	simian foamy virus, human isolate (SFVcpz(hu)) d
	a Reference (57); b Synonym: simian foamy virus 3 (SFV-3); c Synonym: simian foamy virus 1 (SFV-1); d Synonyms: chimpanzee foamy virus (CFV), human
	foamy virus (HFV) and prototype foamy virus (PFV); *Type species.	

a Based upon available complete virus genome sequences; b The former species Simian spumavirus; c The former species Macaque simian foamy virus; d The former species African green monkey simian foamy virus; *Type species.

Table 4 .

 4 Proposed spumaretrovirus isolate nomenclature.

	521					
	Host	Spumaretrovirus name	Isolate description: type,	New isolate designation GenBank	Reference(s) a
		and designation	strain, isolate [Previous		accession number	
			designation(s)]			
	Bovine	bovine foamy virus Bos	BSV-11 (BSV, BFV)	BFVbta_BSV11*	U94514 b	(65)
		taurus (BFVbta)				
			BFV-Riems	BFVbta_Riems	JX307862 b	(48)
			BFV100	BFVbta_100	JX307861 b	(48)
	Feline	feline foamy virus Felis	type FUV7 (FSV, FFV)	FFVfca_FUV7*	Y08851 b	(66, 67)
		catus (FFVfca)				
			type F17/951	FFVfca_F17/951	U85043 b	(68)
		feline foamy virus Puma	X102	FFVpco_X102	KC292054 b	(47)
		concolor (FFVpco)				
	Equine	equine foamy virus Equus	isolate clone 1 [EFV]	EFVeca_1*	AF201902 b	(69)
		caballus (EFVeca)				

Acknowledgements

We appreciate the expertise provided by Prof. Dr. Gerrit Kloss for deriving the Latin names of the genera in Spumaretrovirinae.