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Abstract
	In 2017, a putative new lyssavirus named Kotalahti bat lyssavirus (KBLV) was detected in a Brandt´s bat (Myotis brandtii) that was found near the village Kotalahti, Finland [1]. Attempts to isolate the virus failed; however, next-generation sequencing yielded a nearly complete virus genome of 11,878 nt encompassing all five coding regions (GenBank accession LR994545) [2]. Alignments of the concatenated coding sequences of N+P+M+G+L show a clear segregation of KBLV from other lyssavirus species with the highest sequence identity of 79.96 % found between KBLV and KHUV. Furthermore, KBLV represents the first and, so far, sole lyssavirus reported to infect Myotis brandtii and therefore occupies its own niche by its host. Based on these results, the authors propose the classification of KBLV to a separate lyssavirus species as it fulfills the species demarcation criteria for the genus Lyssavirus. Following the new nomenclature, the authors suggest Lyssavirus kotalahti as species name and Kotalahti bat lyssavirus as virus name.


Text of proposal
		To date, the genus Lyssavirus comprises 17 species that were classified by the International Committee on Taxonomy of Viruses (ICTV). In 2017, a tentative new member of the genus was reported by Nokireki et al.[1], who described a case of a deceased Brandt´s bat (Myotis brandtii) near the village Kotalahti, Finland. Initial diagnostic testing of sample material suggested a lyssavirus infection that was subsequently confirmed by successful Sanger sequencing of the N gene. As a result, a 1370 nt long sequence (MF960865) could be obtained that formed the basis for the initial assessment of the virus as related but yet unclassified lyssavirus by the ICTV. Phylogenetic analysis revealed the grouping of the new virus, named Kotalathi bat lyssavirus, with other lyssaviruses of the phylogroup I. Attempts to isolate the virus from the highly decomposed carcass failed and the remaining sample material was transferred to the FLI where next-generation sequencing in combination with a targeted virus sequence enrichment enabled us to obtain a nearly complete genome sequence with a length of 11,878 nt (LR994545) [2] with a presumed missing 6 nucleotide sequence at the 5’ untranslated region. With the use of reverse genetics, KBLV-G pseudotyped RABV was neutralized by sera with antibodies against RABV supporting the genetic classification as phylogroup I lyssavirus. A more detailed antigenic characterization of KBLV confirmed its close relationship to Phylogroup I lyssaviruses by utilizing a recombinant virus that assembled the KBLV G gene with a SAD B19 backbone. [3] Nonetheless, the assessment of the antigenic relationships via antigenic cartography also demonstrated that the recombinant virus was antigenically distinct from the other Phylogroup I lyssaviruses. 
Based on this sequence and antigenic data, the classification of KBLV within the genus Lyssavirus enables the assessment of species demarcation criteria as stated by the ICTV:

Genetic distance
An alignment of the concatenated coding regions of all five KBLV genes with the concatenated coding regions of the reference sequences of the 17 classified lyssavirus species revealed the highest nucleotide sequence identity between KBLV and KHUV with 79.96%, followed by EBLV-2 (79.92%) and BBLV (79.20%, Table 1). A detailed comparison of available concatenated coding sequences of these lyssaviruses with KBLV identifies four out of 31 EBLV-2 sequences with a sequence identity above the demarcation threshold of 80% with 80.091% (KY688132), 80.081% (KY688133), 80.044% (KY688134) and 80.017 (KY688135), whereas identities of all other sequences are below this value. Considering the genetic diversity of viruses within the Lyssavirus helsinki species, a mean sequence identity of 79.73% can be observed while including all sequence identities of EBLV-2 sequences published at the time of submission, emphasizing that the genetic core of EBLV-2 does not interfere with the demarcation criteria for genetic distance. Consequently, the authors are convinced that KBLV meets the criteria of 80% nt identity between viruses assigned to designated lyssavirus species, while exceeding the demarcation criteria in comparison to a very small number of EBLV-2 sequences in the hundredths is truly negligible.

Phylogenetic relationship
Phylogenetic analyses of KBLV together with the 17 reference genomes of viruses assigned to the classified lyssavirus species were conducted and published before [2] (Figure 1 A) and showed the grouping of KBLV together with other lyssaviruses of phylogroup I. Moreover, KBLV clustered together with the three lyssaviruses that shared the highest sequence identity with it, i.e. KHUV, EBLV-2 and BBLV. A more detailed phylogenetic tree was constructed with focus on these closely related lyssaviruses by utilizing again the concatenated coding regions of all available complete genomes of EBLV-2, BBLV and KHUV (Figure 2). The resulting tree shows clear segregation of KBLV from sequences of other lyssaviruses and therefore does not represent a sister branch of a member of an already classified lyssavirus species, which is considered another characteristic feature of distinct lyssavirus species. 

Ecological niche
Despite a comprehensive bat surveillance and epidemiological prevalence studies of lyssaviruses in Finnish bats [4], only one other lyssavirus, the European bat lyssavirus 2, was confirmed in cases of two Daubenton`s bats (Myotis daubentonii) [5, 6] and one fatal human rabies case [7]. More importantly, and to our best knowledge, no rabies cases in the Brandt´s bat (Myotis brandtii) caused by lyssaviruses other than KBLV were reported until today. This distinct host specificity of bat-related lyssaviruses is a well-documented phenomenon and KBLV adds another example of a putative lyssavirus species occupying ecological niches by infecting previously unscathed host species. However, as this is so far a single detection, the authors are aware that a cross-species transmission (CTS) event cannot be completely ruled out and hence, further investigations are necessary to confirm Myotis brandtii as reservoir host of KBLV. Nonetheless, the close genetic relation of KBLV to other lyssaviruses associated with distinct Myotis species (KHUV – Myotis mystacinus; EBLV-2 – Myotis daubentonii; BBLV- Myotis nattereri - see Figure 1 B) supports the hypothesis that KBLV occupies a unique ecological niche within the genus Myotis. Furthermore, the fact that CTS events of bat lyssaviruses from Eurasia are extremely rare in bats, except for EBLV-1 [8], and the probability of a novel lyssavirus being detected as a CTS event is extremely low makes it very likely that Myotis brandtii is indeed the reservoir host of KBLV.






Supporting evidence
Table 1) List of sequences used for the determination of sequence identities in relation to KBLV. For lyssavirus species with the highest sequence identity to KBLV (i.e. EBLV-2, BBLV and KHUV), all available complete genome sequences published in nucleotide databases by May 2023 were included in the analysis to increase the resolution of the comparison. 
	Lyssavirus species
	Virus name
	Abbreviation
	Accession number reference sequence
	Sequence length [nt]
	Sequence identity to KBLV [%]*

	Lyssavirus aravan
	Aravan virus
	ARAV
	NC_020808.1
	11918
	77.44

	Lyssavirus australis
	Australian bat lyssavirus
	ALBV
	NC_003243.1
	11822
	74.67

	Lyssavirus gannoruwa 
	Gannoruwa bat lyssavirus
	GBLV
	NC_031988.1
	11919
	76.58

	Lyssavirus bokeloh
	Bokeloh bat lyssavirus
	BBLV
	NC_025251.1
KC169985
KF245925
LT839617
LT839642
LT839643
LT839644
MF043188
MF197740
OU524416
	11900
11830
11846
11900
11900
11901
11900
11900
11887
11896
	79.20
79.00
79.30
79.14
79.20
79.14
79.17
78.93
79.12
79.21

	Lyssavirus khujand
	Khujand virus
	KHUV
	NC_025385.1
	11903
	79.96

	Lyssavirus hamburg
	European bat lyssavirus 1
	EBLV-1
	NC_009527.1
	11966
	75.02

	Lyssavirus helsinki
	European bat lyssavirus 2
	EBLV-2
	NC_009528.2
EU293114
JX129232
JX129233
KF155004
KY688132
KY688133
KY688134
KY688135
KY688136
KY688137
KY688138
KY688139
KY688140
KY688141
KY688142
KY688143
KY688144
KY688145
KY688146
KY688147
KY688148
KY688149
KY688150
KY688151
KY688152
KY688153
KY688154
	11930
11924
11885
11886
11930
11932
11940
11930
11930
11930
11931
11929
11929
11929
11930
11930
11930
11929
11924
11924
11929
11929
11929
11932
11928
11924
11929
11928
	79.92
79.79
79.94
79.93
79.86
80.09
80.08
80.04
80.01
79.85
79.89
79.98
79.89
79.97
79.83
79.80
79.78
79.86
79.82
79.84
79.86
79.89
79.93
79.84
79.93
79.86
79.93
79.97

	Lyssavirus species
	Virus name
	Abbreviation
	Accession number reference sequence
	Sequence length [nt]
	Sequence identity to KBLV [%]*

	Lyssavirus helsinki
	European bat lyssavirus 2
	EBLV-2
	MG760848
KY688155
KY688156
	11929
11931
11930
	79.88
79.92
79.91

	Lyssavirus duvenhage
	Duvenhage virus
	DUUV
	NC_020810.1
	11976
	73.60

	Lyssavirus formosa
	Taiwan bat lyssavirus
	TWBLV
	MF472710.1
	11988
	72.83

	Lyssavirus irkut
	Irkut virus
	IRKV
	NC_020809.1
	11980
	74.39

	Lyssavirus shimoni
	Shimoni bat lyssavirus
	SHIBV
	NC_025365.1
	12045
	68.20

	Lyssavirus mokola
	Mokola virus
	MOKV
	NC_006429.1
	11940
	68.00

	Lyssavirus lleida
	Lleida bat lyssavirus
	LLEBV
	NC_031955.1
	11931
	62.53

	Lyssavirus caucasicus
	West Caucasian bat virus
	WCBV
	NC_025377.1
	12278
	65.29

	Lyssavirus lagos
	Lagos bat lyssavirus
	LBV
	NC_020807.1
	12016
	68.05

	Lyssavirus ikoma
	Ikoma lyssavirus
	IKOV
	NC_018629.1
	11902
	63.15

	Lyssavirus rabies
	Rabies virus
	RABV
	NC_001542.1
	11932
	73.84


*based on concatenated coding regions of N+P+M+G+L
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Figure 1) A Phylogenetic tree based on reference sequences of the 17 viruses classified to lyssavirus species and the obtained KBLV sequence. Members of the postulated 3 phylogroups are highlighted by color. B Phylogroup I cluster of lyssaviruses detected in Myotis species. Figure adapted from [2].
[image: ]
Figure 2) A maximum-likelihood phylogenetic tree of concatenated N+P+M+G+L including available EBLV-2, BBLV, KHUV and KBLV sequences was constructed under usage of the IQ-TREE software version 2.2.2.3 under usage of the ModelFinder feature (identified best-fit model: GTR+F+I+G4) and 100.000 ultrafast-bootstraps. The ARAV reference sequence (NC_020808.1) was used as outgroup.
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