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We propose renaming the existing four species in the genus Pestivirus, family Flaviviridae, (Bovine viral diarrhea virus 1 (BVDV-1), Bovine viral diarrhea virus 2 (BVDV-2), Border disease virus (BDV), and Classical swine fever virus (CSFV) (Becher et al., 2003; Simmonds et al., 2017)), and creating seven new species, using a host-independent scheme with the format Pestivirus Y. Demarcation of the four existing Pestivirus species is based on a range of criteria including divergence of complete coding nucleotide sequences by more than 25%, >10-fold differences in cross-neutralisation titres, and in some cases differing, although overlapping, host ranges (Becher et al., 2003; Simmonds et al., 2017). Additional related viruses have been isolated or sequenced from domestic animals (Hause et al., 2015; Kirkland et al., 2007; Liu et al., 2009a; Postel et al., 2015, 2016; Schirrmeier et al., 2004) and wild species such as giraffe (Avalos-Ramirez et al., 2001; Becher et al., 1997), pronghorn antelope (Neill et al., 2014; Vilcek et al., 2005) and rat (Firth et al., 2014), and proposed as additional species within the genus Pestivirus (Becher et al., 2003; Liu et al., 2009b; Ridpath J.F., 2013; Vilček & Nettleton, 2006). 
Pairwise amino acid p-distances between complete polyprotein sequences of members of the four existing Pestivirus species were < 0.15 for BVDV-1, < 0.11 for BVDV-2,, < 0.15 for BDV and < 0.13 for CSFV. Inter-species amino acid p-distances were > 0.2, respectively, supporting the existing taxonomy where BVDV-1, BVDV-2, CSFV and BDV belong to four different species (Becher et al., 1997, 2003). 

Similarly, amino acid p-distances were > 0.19 for comparisons between members of the four existing species and amongst giraffe pestivirus (AF144617), pronghorn antelope pestivirus (AY781152), Bungowannah virus (EF100713), Hobi-like pestivirus (FJ040215), rat pestivirus (KJ950914), atypical porcine pestivirus (KR011347) and Aydin-like pestivirus (JX428945) in comparisons with each other and members of the four existing Pestivirus species. Since some regions of the virus genome are difficult to align for these sequences, we carried out phylogenetic analysis on the most conserved regions of the virus polyprotein which were amino acid positions 189-418, 1547-2321 , 2397-2688  and 3312-3837 (numbered according to the first amino acid of the polyprotein of BVDV-1 SD-1, Accession number M96751)  with support for eleven distinct clades (Figure 1). Although the antelope pestivirus, Bungowannah virus, atypical porcine pestivirus and rat pestivirus sequences were outside a clade comprising the four existing species, giraffe pestivirus, Hobi-like pestivirus and Aydin-like pestivirus, with the atypical porcine pestivirus and rat pestivirus sequences the most divergent, we consider all eleven clades to represent members of different Pestivirus species because of their common genome organisation, protein homology, and where known, virological, antigenic (Avalos-Ramirez et al., 2001; Bauermann et al., 2012; Becher et al., 2003; Postel et al., 2015, 2017) and pathological features ; hosts ranges are overlapping and incompletely described. Similar degrees of diversity are observed with other genera within the Flaviviridae and pestivirus sequences are monophyletic in a phylogenetic tree constructed using NS5B amino acid sequences (1).
Pestivirus species names are currently derived from virus isolate names that describe host range and disease attributes. These names provide no clear distinction between the species name and the virus name apart from italicisation - the species Border disease virus includes the virus Border disease virus from sheep and goat, as well as reindeer pestivirus and variants infecting pigs, cattle, and bison.  
We propose adopting the naming scheme already used for both the Hepacivirus (Smith et al., 2016) and Pegivirus (Stapleton et al., 2011) genera within the Flaviviridae family. Hence, Bovine viral diarrhea virus 1 – becomes Pestivirus A, Bovine viral diarrhea virus 2 becomes Pestivirus B, Classical swine fever virus becomes Pestivirus C and Border disease virus becomes Pestivirus D. We have limited the addition of new species to those for which complete genomic or complete coding sequences are available.

We also propose changing the exemplar virus isolate name for Bovine viral diarrhea virus 2 from C413 (Accession AF002227) to 890 (Accession U18059) and for Classical swine fever virus from Eystrup (Accession AF326963) to Alfort 187 (Accession X87939) since in both cases the proposed exemplar viruses have been more intensely studied in animal experiments and through the production of infectious clones than the previous exemplars.


[image: ]

[image: ]

[image: ]
D.[image: ]


















































Figure 1
Phylogenetic analysis of pestivirus polyprotein fragments. Phylogenetic trees were constructed using MEGA 6 (Tamura et al., 2013) and based upon distances between amino acid sequences for amino acid positions positions  A. 189-418, B. 1547-2321 and C. 2397-2688   D. 3312-3899 by maximum likelihood using a JTT+G model. Up to fifteen sequences were used for each species, choosing the most divergent sequences and eliminating sequences < 1% divergent, and comprised: BVDV1 (M96751, JQ799141, KP313732, KP941591, JN400273, KF896608, KC757383, KC853441, AB078950, AF526381, LC089876, KX577637, KX987157, LT631725), BVDV2 (AF002227, LC006970, KT875169, KT832818, KJ000672, HQ258810, JF714967, AB567658, FJ527854, GQ888686, KX096718), CSFV (X87939, J04358, FJ529205, AY646427, KF669877, KP233070, KM362426, KJ619377, KC851953, GQ923951, AF407339, KU504339), BDV (AF037405, AB897785, KJ463422, KF925348, KF918753, KC963426, GU270877, U70263, AF144618), Hobi-like (FJ040215, KC788748, KC297709, JX985409, JX469119, JQ612704, HQ231763, AB871953), Giraffe (AF144617, KJ660072), Aydin-like (KM408491, JX428945), Pronghorn (AY781152), Rat (KJ950914), Bungowannah (EF100713), APPV (KU041639, KR011347, KU194229, LT594521, KX77872, KX929062). Branches supported by >70% of bootstrap replicates are indicated.













Table 1 Characteristics of proposed pestivirus species
	Existing 
species 
name
	Proposed species 
name 
	Virus names
	Abbreviation
	Type isolate
	Genbank Accession
	Host
	Complete coding region sequences
	Disease

	Bovine viral diarrhea virus 1
	Pestivirus A
	bovine viral diarrhea virus 1
	BVDV-1
	NADL
	M31182
	Cattle, sheep, other ruminants, pig
	79
	Bovine viral diarrhea/ Mucosal disease (BVD/MD)

	Bovine viral diarrhea virus 2
	Pestivirus B
	bovine viral diarrhea virus 2
	BVDV-2
	890
	U18059
	Cattle, sheep, other ruminants pig
	99
	BVD/MD


	Classical swine fever virus
	Pestivirus C
	classical swine fever virus, hog cholera virus
	CSFV
	Alfort 187
	X87939
	Pig
	96
	Classical swine fever

	Border disease virus
	Pestivirus D
	Border disease virus,
reindeer pestivirus
	BDV
	X818
	AF037405
	Sheep, reindeer, chamois, other ruminants, pigs
	13
	Border disease
Hairy shaker syndrome
Fuzzy lamb syndrome

	
	Pestivirus E
	pronghorn antelope pestivirus
	Pronghorn
	
	AY781152

	Antelope
	1
	Unknown

	
	Pestivirus F
	Bungowannah virus
	Bungo
	Bungowan-nah
	EF100713

	Pig
	1
	Porcine myocarditis syndrome

	
	Pestivirus G
	giraffe pestivirus
	Giraffe
	H138
	AF144617

	Giraffe, cattle
	2
	MD-like (giraffe) / unknown (cattle)

	
	Pestivirus H
	HoBi-like pestivirus, atypical ruminant pestivirus, bovine viral diarrhea virus 3,  
	Hobi-like, BVDV-3
	Th/04_KhonKaen
	FJ040215

	Cattle, buffalo
	12
	BVD/MD

	
	Pestivirus I
	Aydin-like pestivirus, 
	
	Aydin/04-TR
	JX428945

	Sheep, goat
	2
	Abortions, congenital malformations

	
	Pestivirus J
	rat pestivirus
	
	NrPV/NYC-D23
	KJ950914

	Rat
	1
	Unknown

	
	Pestivirus K
	atypical porcine pestivirus
	APPV
	000515
	KR011347

	Pig
	6
	Congenital tremor
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