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Three new species is proposed in Orhtohepadnaviridae for the first recorded hepadnaviruses in their respective mammalian order, i.e. Insectivora, Carnivora and Artiodactylia.
Chinese shrew hepatitis B virus
A novel hepadnavirus, Asian grey shrew hepatitis B virus (AGS HBV), 3,165 bp in genomic length, was identified in liver tissue of 2 species of Crocidura and in Anourosorex squamipes shrews collected in 2016 and 2017 in the Hubei and Zheijang provinces in China. Although viruses were recovered from two different genera of shrews they diverged by <10 per cent from each other but by >35% as compared to other orthohepadnaviruses and thus representing a new species. (The species demarcation criterion for orthohepadnaviruses is >20% nucleotide divergence at the level of complete genomes.) CSHBV had all four ORFs of orthohepadnaviruses although the pre core sequence was divergent.

Domestic cat hepatitis B virus
By high-throughput transcriptome sequencing of lymphoma tissue from a male domestic cat infected with feline immune deficiency virus (FIV), a new orthohepadnavirus was discovered. The genome of the domestic cat hepatitis B virus (DCHBV) comprised 3,187 bp and diverged by more than 33% from all other orthohepadnaviruses and thus represents a new species. Infection with this new virus was revealed by PCR in 3.2% of 63 cats not infected by FIV but in 10% of 60 FIV infected cats.

Tai Forest hepatitis B virus
At postmortem virome capture sequencing of samples originating from one of six dead Maxwell's duiker antilops (Philantomba maxwellii, Order Artiodactylia) found in the Taï National Park in Côte d'Ivoire, a new orthohepadnavirus was disclosed. High viral copy numbers revealed in spleen, lung, blood and liver in a range compatible with that found in humans with active chronic hepatitis suggest a causative role for the death of this virus in the diseased animal.
Its genome comprised 3,128 bp and differed by >31% from all other orthohepadnaviruses. Phylogenetic analysis revealed no close relation to any other species of orthohepadnaviruses but it formed a clade with all known rodent and most known bat hepadnaviruses. The designation Tai Forest hepadnavirus was suggested by the authors and we suggest to name the species Tai Forest hepatitis B virus. The virus could not be demonstrated in any of 29 other duikers, which is why a spillover from another mammalian host cannot be excluded.
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Figure 1. Phylogenetic tree of members of the genus Orthohepadnavirus based on Beast analysis of complete genomes and using the Tibetan frog virus, TFHBV, as outgroup. The new suggested species are marked in bold. Abbreviations: AGSH: Arctic ground squirrel hepatitis B virus; AGS HBV: Asian grey shrew hepatitis B virus; chHBV: chimp hepatitis B virus; CMHBV: capuchin monkey hepatitis B virus; DCHBV: domestic cat hepatitis B virus; GSHV: ground squirrel hepatitis virus; HBV-gib I: gibbon hepatitis B virus; HSBHBV: horseshoe bat hepatitis B virus; LFB HBV: long-fingered bat hepatitis B virus; PBHBV: Pomona bat hepatitis B virus; RLB HBV: roundleaf bat hepatitis B virus; TFo HBV: Taï Forest hepatitis B virus; TMB HBV: tent-making bat hepatitis B virus; WHV: woodchuck hepatitis B virus, WMHBV: woolly monkey hepatitis B virus.

Table 1. Percent nucleotide divergence of complete genomes 

	
	AGS HBV
	DCHBV
	TFo HBV

	HBV-A
	35
	35
	33

	chHBV
	35
	34
	33

	HBV-gib I
	35
	35
	33

	HBV-F
	37
	35
	34

	WMHBV
	37
	35
	32

	CMHBV
	37
	35
	34

	WHV
	38
	36
	34

	GSHV
	37
	36
	34

	AGSHV
	38
	37
	35

	LFB HBV
	38
	33
	31

	RLB HBV
	38
	33
	32

	HSB HBV
	38
	34
	32

	PBHBV
	38
	33
	31

	TMB HBV
	35
	37
	35

	CSHBV
	-
	38
	38

	DCHBV
	38
	-
	33


Abbreviations: chHBV: chimp HBV; HBV-gib I: gibbon HBV; WMHBV: woolly monkey HBV; CMHBV: capuchin monkey HBV; WHV: woodchuck HBV; GSHV: ground squirrel HBV; AGSHV: Artic ground squirrel HBV; TMB HBV: tent making bat hepatitis B virus; RLB HBV: roundleaf bat hepatitis B virus; HSB HBV: horseshoe bat hepatitis B virus; LFB HBV: long-fingered bat hepatitis B virus; AGS HBV: Asian grey shrew HBV; DCHBV: domestic cat HBV; TFo HBV: Taï Forest hepatitis B virus.
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