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	Abstract of Taxonomy Proposal: 

	Description of current taxonomy: 
The genus Orthoflavivirus (family Flaviviridae) previously included the species Orthoflavivirus encephalitidis, consisting of all subtypes of tick-borne encephalitis virus (TBEV). In a recently ratified proposal (2025.007S.A.v3.Orthoflavivirus_2nsp_1spren), O. encephalitidis was split into four distinct species: O. neudoerflense (for TBEV-Eur), O. zilberi (for TBEV-FE, -Sib, -Bkl-1, -Bkl-2, -Ob, -Him), O. loupingi (for LIV, SGEV, SSEV), and O. mediterranense (for TSEV, GGEV). 

Proposed taxonomic changes: 
We propose to merge these four species, together with OHFV (O. omskense), into a single species: “Orthoflavivirus eurasiaticus”. This species would comprise eleven subspecies delimited by a uniform 10% nucleotide sequence cut-off over the whole ORF: seven TBEV subtypes (Eur, Sib, FE, Bkl-1, Bkl-2, Ob, Him), LIV/SSEV/SGEV, TSEV/GGEV and two OHFV subtypes (OHFV-1 and OHFV-2).

Demarcation criteria for new taxon/taxa:
The classification of a virus as belonging to “Orthoflavivirus eurasiaticus” is determined by an uncorrected nucleotide distance below 23%, and  uncorrected amino acid distance below 14%. The proposed framework maintains monophyly in this group of viruses. Moreover, this division is consistent with the remaining ICTV criteria (antigenic, clinical, geographic, vector/host, and ecological) when considered collectively.

Justification:
Whilst acknowledging the recent ratification, several issues warrant reconsideration. Delimitation methods (GMYC, ABGD, PTP) were applied inconsistently; cross‑neutralisation data indicating substantial antigenic overlap are not discussed in the proposal; the TBE vaccine protects across all proposed species, which is exceptional among the established virus species; cited clinical severity differences may reflect historical surveillance bias. Our single‑species framework maintains monophyly and avoids unnecessary taxonomic inflation.




	· Text of Taxonomy proposal:  


	
Description of current taxonomy:       

The classification of tick-borne flaviviruses (genus Orthoflavivirus, family Flaviviridae) has undergone numerous revisions over time. Until recently, all known TBEV subtypes were placed within a single species, Orthoflavivirus encephalitidis. According to quantitative criteria, seven subtypes were tentatively listed under that species [1]. Three subtypes [2], European (TBEV‑Eur), Siberian (TBEV‑Sib) and Far Eastern (TBEV‑FE), were widespread and together account for the vast majority of human TBE cases. TBEV‑2871 (TBEV‑Ob) [3], TBEV‑Him [4], TBEV‑178‑79 (TBEV‑Bkl‑1) and TBEV‑886‑84 (TBEV‑Bkl‑2) [5] have been found only in geographically limited areas. Spanish sheep encephalitis virus (SSEV) [6], Spanish goat encephalitis virus (SGEV) [7], Turkish sheep encephalitis virus (TSEV) [8], and Greek goat encephalitis virus (GGEV) [9], remained unassigned taxonomically, despite TBEV-Eur being phylogenetically closer to them than to other TBEV subtypes. Louping ill virus (LIV) [10] was classified as a separate species, Orthoflavivirus loupingi, due to its distinct ecological niche, primary veterinary impact and geographic restriction largely to the British Isles. Omsk hemorrhagic fever virus (OHFV) [11] was recognised as a separate species, Orthoflavivirus omskense, primarily due to its distinct clinical presentation (hemorrhagic fever with encephalitic manifestations), association with Dermacentor ticks, and unique ecological cycle involving muskrats as amplification hosts. 
This classification scheme contained many contradictions. For example, TBEV-Eur subtype is phylogenetically closer to the LIV, SSEV, SGEV, TSEV, GGEV than to other TBEV subtypes. This contradicts the basic principles of taxonomy, which require a taxon to be monophyletic [12]. Conversely, if the defining characteristic of a species was its ability to cause tick-borne encephalitis in humans, it would be unclear how to classify TBEV-2871 (TBEV-Ob), TBEV-Him, TBEV-178-79 (TBEV-Bkl-1) and TBEV-886-84 (TBEV-Bkl-2), as their ability to cause TBE has not been demonstrated. 
In 2025, a taxonomic proposal (2025.007S.A.v3.Orthoflavivirus_2nsp_1spren) was ratified by the ICTV, which formally split O. encephalitidis into four distinct species:
- Orthoflavivirus neudoerflense (accommodating TBEV-Eur),
- Orthoflavivirus zilberi (accommodating TBEV-FE, -Sib, -Bkl-1, -Bkl-2, -Ob, and -Him),
- Orthoflavivirus loupingi (redefined to include LIV, SSEV, and SGEV),
- Orthoflavivirus mediterranense (accommodating TSEV and GGEV).
Thus, the former TBEV complex is currently represented by four separate species, while OHFV remains a distinct species within the same genus.

Proposed taxonomic changes:     
We propose a revision to the recently ratified classification (2025.007S.A.v3.Orthoflavivirus_2nsp_1spren). Specifically, we propose to merge the four newly established species, Orthoflavivirus neudoerflense, O. zilberi, O. loupingi, and O. mediterranense, together with Omsk hemorrhagic fever virus (OHFV, currently classified as Orthoflavivirus omskense), into a single species: “Orthoflavivirus eurasiaticus”. 
This species would comprise eleven subspeciess, delineated by a uniform 10% nucleotide divergence cut‑off over the complete ORF [1, 13]:
- seven TBEV subtypes: Eur, Sib, FE, Bkl‑1, Bkl‑2, Ob, and Him;
- LIV, including SSEV and SGEV;
- TSEV, including GGEV;
- two OHFV subtypes: OHFV‑1 and OHFV‑2.
This framework keeps the entire TBEV-OHFV clade monophyletic and reflects biological diversity at the subspecies level.

Demarcation criteria for new taxa:
The proposed species boundary is supported by quantitative thresholds applied to the complete polyprotein. The classification of a virus as belonging to “Orthoflavivirus eurasiaticus” is determined by its uncorrected nucleotide divergence being below 23% and uncorrected amino acid divergence being below 14% to the established species members. These thresholds represent practical rounded criteria selected within the observed separation ranges between intra- and interspecific comparisons. If either value exceeds these thresholds, the viruses are considered candidates for separate species assignment and should be evaluated together with the remaining ICTV criteria.
In addition, these cut-offs are supported by pairwise polyprotein dN/dS ratios calculated using the Nei–Gojobori method, with values below approximately 0.11. Such low dN/dS values indicate strong purifying selection, which is compatible with diversification within a single species. The proposed framework maintains monophyly within this group of viruses and is consistent with the remaining ICTV criteria (antigenic characteristics, geographic distribution, vector and host associations, disease association, and ecological characteristics; https://ictv.global/report/chapter/flaviviridae/flaviviridae/orthoflavivirus) when considered collectively.
These thresholds are proposed as practical, empirically derived ad hoc guidelines rather than absolute boundaries. Species boundaries in biology are inherently conditional, and all currently recognized orthoflavivirus taxa share common ancestry and have diverged through gradual accumulation of substitutions. Transitional forms between subspeciess and between species are therefore expected. As new sequences emerge, some may approach or exceed the proposed thresholds. Such cases do not invalidate the criteria but demonstrate the need to consider all available evidence together, as recommended by ICTV. A key supporting observation is the shift in pairwise dN/dS values, reflecting a change in the balance between synonymous and nonsynonymous substitutions and suggesting a transition in selective constraints and a significant change of an ecological niche. Any quantitative threshold may be exceeded in individual comparisons; therefore, exceptions should be evaluated case-by-case using the full set of ICTV criteria rather than any single threshold alone.

Justification: 
The recent ICTV decision (2025.007S.A.v3.Orthoflavivirus_2nsp_1spren) provides clarification on the taxonomy of this complex group of viruses. However, we believe that some aspects of this decision merit reconsideration, and our proposed alternative represents a more consistent, evolutionarily sound, and practically convenient approach to classifying viruses that cause tick-borne encephalitis.
Evolutionary patterns among viruses of the TBEV group indicate that a single species, “Orthoflavivirus eurasiaticus”, can be defined using a set of criteria [13]: nucleotide divergence ≤23%, amino acid divergence ≤14%, and a dN/dS ratio <0.11 in the polyprotein. The pairwise dN/dS ratio is derived from pairwise amino acid and nucleotide distances and therefore provides complementary information regarding the underlying selection pressure. Eleven subtypes can be distinguished within this species. Seven subtypes of TBEV (FE, Sib, Eur, Bkl-1, Bkl-2, Ob, Him), LIV (including SSEV and SGEV), TSEV (including GGEV), and two subtypes of OHFV are delineated by a threshold of 10% nucleotide divergence across the entire open reading frame [1, 13]. The corresponding phylogenetic framework and comparison of the current and proposed classification schemes are presented in Figure 1.
1. Evolutionary evidence supporting the proposed framework
The proposed species boundary is supported by a reproducible transition in evolutionary constraints observed across complete polyprotein sequences. Pairwise dN/dS ratios calculated using two independent approaches, Nei–Gojobori and Yang–Nielsen (PAML), show the same general pattern (Figure S2 in the Appendix of [13]). Similarly, pairwise nucleotide and amino acid distances calculated from complete polyprotein sequences demonstrate a clear separation between intra-group and inter-group comparisons (Figure 2). Uncorrected nucleotide distances show a taxon separation interval of approximately 21.4–24.6%. Uncorrected pairwise amino acid distances show a separation range of 12.3–15.1% (Figure 2A), whereas amino acid distances estimated using the BLOSUM62 substitution model show a corresponding range of 13.5–16.7% (Figure 2B). 
Within the proposed species boundary, all pairwise comparisons are characterized by a strong purifying selection, with Nei-Gojobori dN/dS values below 0.104. In contrast, all comparisons crossing the proposed boundary show higher dN/dS values, exceeding 0.128, indicating a discrete shift in selective constraints. The distribution of pairwise Nei–Gojobori dN/dS values shows the same discontinuous pattern, with within-species comparisons separated from between-species comparisons by a clear transition range (Figure 3).
If the observed patterns were caused primarily by nucleotide substitution saturation, a gradual increase in dN/dS with increasing genetic distance would be expected. Instead, the data demonstrate a discontinuous transition occurring at approximately 13–15% amino acid divergence in the polyprotein (based on uncorrected pairwise distances). This biphasic pattern is also observed in distinct genomic regions, including the E protein and NS3, supporting a biological shift in selective pressures and constraints rather than a methodological artefact.
The relevance of this threshold is further supported by comparison of complete polyprotein sequences. Previous examples suggesting a comparable dN/dS ratio between TBEV and OHFV, and between TBEV and Langat virus, were based on E-gene analyses only [13]. In contrast, the complete polyprotein analysis places OHFV within the TBEV-related cluster, characterised by dN/dS values below 0.11, whereas Langat virus consistently falls outside this cluster, with higher dN/dS values. Although OHFV exhibits distinct ecological and clinical characteristics, these differences do not coincide with a genome-wide evolutionary discontinuity separating OHFV from the TBEV-related lineage. The overlap observed in E-gene analyses likely reflects the limited phylogenetic signal of individual genomic regions and does not represent the evolutionary pattern of the complete virus. 
The use of pairwise dN/dS in this framework also differs from codon-based analyses designed to identify individual sites under positive selection. Variation in synonymous substitution rates may influence estimates at individual codons. However, its impact is substantially reduced when thousands of codons and hundreds of pairwise comparisons are integrated across the complete polyprotein. Therefore, the observed discontinuity reflects genome-wide evolutionary constraints rather than stochastic variation at individual sites.
The proposed framework does not consider dN/dS as an independent taxonomic criterion replacing ecological, antigenic, or clinical characteristics. Rather, it provides an evolutionary measure that is consistent with the combined interpretation of ICTV criteria. Differences in vector association, host range, and disease manifestations remain biologically important and are retained at the subspecies level, but they do not consistently correspond to independent species boundaries. Similar variation occurs among established orthoflavivirus species and is therefore more appropriately interpreted in the context of intraspecific diversification.

2. The motivation for 2025.007S.A.v3.Orthoflavivirus_2nsp_1spren reconsideration
2.1 Nucleotide and deduced amino acid sequence data
The primary challenge with the adopted classification is that different species delimitation methodologies produced substantially different outcomes, and the rationale for reconciling these differences was not fully explained.
The three methods employed to delineate species (GMYC, ABGD, PTP) yielded disparate results: PTP identified a total of 19 groups, while GMYC identified 16 and ABGD identified 5 (According to Figure 2b in the ratified proposal 2025.007S.A.v3.Orthoflavivirus_2nsp_1spren and Fig. 2. at [14]). These methods are sensitive to methodological assumptions and require reconciliation with independent evidence. The authors of the ratified proposal selected the ABGD result as "more parsimonious". However, the implications of this result were not further discussed or incorporated into the final taxonomic framework. Specifically, TBEV-Him, which had been categorized in a distinct group by ABGD, was merged into O. zilberi without the provision of a rationale for this decision. Furthermore, the separation of other groups, such as TBEV-Eur, TBEV-LIV+SSEV+SGEV, TSEV+GGEV, into O. neudoerflense, O. loupingi, and O. mediterranense, respectively, was based on the output of the ABGD. The selective interpretation of these results introduces an element of subjectivity into the taxonomic decision.
The ABGD output file deposited by the authors as supplementary material to their 2022 publication [14] (available at https://doi.org/10.6084/m9.figshare.17059673 ), the study on which the proposal's analysis is based, reveals a more complex situation than indicated at Figure 2b of the 2025.007S.A.v3.Orthoflavivirus_2nsp_1spren. In the course of the analysis of the alignment for the envelope protein (E gene), the ABGD method was employed to divide the sequences into eight groups. The following clusters have been identified: [TBEV-FE + TBEV-Baik-2], TBEV-Ob, three separate clusters TBEV-Sib, TBEV-Him, TBEV-Eur, and TBEV-LIV. However, the analysis did not include TBEV-Bkl-1, TSEV, SSEV, SGEV, and GGEV. Concurrently, when analyzing the alignment for the polyprotein, ABGD identified a total of five groups: [TBEV-FE + TBEV-Sib + TBEV-Ob + TBEV-Bkl-1 + TBEV-Bkl-2], TBEV-Him, TBEV-Eur, [LIV + SGEV + SSEV], and [TSEV + GGEV]. The species delimitation component of the proposal appears to rely primarily on the ABGD output from the polyprotein analysis, without a clear explanation for this choice., nor why the same algorithm partitions the Siberian subtype into three groups when applied to the E protein but merges them when applied to the polyprotein. This point seems worth considering, especially since the proposal later draws on E‑protein surface‑residue distances to support species‑level antigenic separation. A more explicit justification for treating the E protein as informative for antigenic divergence while setting aside its ABGD output would be helpful.

2.2 Antigenic characteristics
It is well established that flaviviruses exhibit extensive serological cross‑reactivity owing to common epitopes within the E protein — the primary target of neutralizing antibodies. The proposal presents an in silico comparison of evolutionary distances among surface residues of the E protein and references historical serological studies. The in silico analysis, based on 224 amino acid positions previously identified by crystallography as surface‑exposed, suggested statistically significant differences between TBEV‑Eur and other TBEV subtypes, and between LIV and all TBEV subtypes. The proposal also cites Hubálek et al. (1995) [8], who used indirect immunofluorescence to demonstrate antigenic differences between TBEV‑Eur and TBEV‑FE. An analysis of the variability of surface residues in the E protein provides useful evidence of the evolutionary divergence between TBEV-Eur and LIV, but does not in itself constitute direct evidence of differences in antigenic phenotype and should therefore be given limited weight when making taxonomic decisions.
However, it cannot be assumed that all neutralizing epitopes are currently known. The E protein dimer is mobile, and conformational dynamics ("virus breathing") can expose previously hidden neutralizing epitopes [15]. Moreover, new epitopes continue to be identified [16, 17]. This evolving understanding of E‑protein antigenicity raises questions about the completeness of any static in silico comparison based solely on currently mapped surface residues. A comparison restricted to a limited set of structurally defined positions may over‑ or underestimate the extent of antigenic divergence, and its relationship to neutralisation phenotypes has not been experimentally validated. In the absence of direct cross‑neutralisation data, the taxonomic weight of such in silico analysis should be interpreted with caution.

2.3 Disease association
The ratified proposal reviews experimental infections in sheep and monkeys, reporting higher neuroinvasiveness and mortality for TBEV‑FE compared to TBEV‑Eur. It also cites widely quoted differences in human case‑fatality rates (CFR): ~20% for TBEV‑FE versus 1–2% for TBEV‑Eur.
These data require careful interpretation. The animal experiments were conducted on a small number of strains and have not been replicated with larger panels under standardized conditions. Attributing virulence differences to the subspecies level, rather than to strain‑specific properties, is therefore problematic. The human CFR originate from observations made in the mid‑20th century, when access to medical care varied considerably across the vast territory of the Soviet Union.
Contemporary Russian federal‑district data show comparable CFRs across regions endemic for different subtypes. Notably, in 2024, no fatal cases were reported in the region endemic for the Far Eastern subtype [18]. Furthermore, serosurveys in endemic regions consistently report high seroprevalence (10–50%), indicating that the majority of infections with all subtypes are asymptomatic or mild [19].
Thus, disease severity does not appear to be a reliable species‑demarcation criterion for this group according to the recent data. The clinical differences highlighted in the ratified proposal may be attributable, at least in part, to historical surveillance bias and strain‑specific effects rather than to intrinsic properties of the subtypes.

2.4 Geographic association
The recognized subspeciess and tentative species of the TBEV complex display broadly distinct geographic distributions. For example, TBEV‑Eur is widespread across Europe; TBEV‑Sib occurs in a belt extending from Scandinavia to Siberia; TBEV‑FE predominates in the Far East and parts of Siberia; LIV is largely restricted to the British Isles yet it has also been found in the Russian Far East and Japan [20]; and the Mediterranean isolates (SSEV, SGEV, TSEV, GGEV) have been documented predominantly in southern Europe.
This picture, however, is an oversimplification. Sporadic records indicate that the distribution is more mosaic than the broad ranges imply. All three major TBEV subtypes, TBEV‑Sib, TBEV‑FE, and TBEV‑Eur, have been detected in Crimea [21], and TBEV‑Eur has been identified in northern Africa [22] and Korea [23], well beyond its previously recognized European range. Moreover, the European subtype has been found in Siberia [24], while the Far Eastern subtype has been reported in the European part of Russia [25] and Moldova [26].
Geographic isolation can facilitate diversification, but it is not, by itself, accepted as a sufficient condition for new species definition. Many established orthoflavivirus species span continents and contain multiple geographically structured lineages without prompting taxonomic subdivision. The same principle applies to other zoonotic viruses. For example, rabies virus and Crimean‑Congo hemorrhagic fever virus both exhibit pronounced phylogeographic structure, yet neither has been partitioned into multiple species on geographic grounds. The spatial structuring observed in the TBEV complex is consistent with the proposed classification, but it does not independently support species‑level status.

2.5 Vector and host association
TBEV-FE and TBEV-Sib are predominantly transmitted by Ixodes persulcatus, whereas TBEV-Eur is transmitted by I. ricinus. LIV is also vectored by I. ricinus but relies on sheep and red grouse as amplification hosts [20], in contrast to the rodent‑based transmission cycles of TBEV [27]. However, vector and host associations among orthoflaviviruses are not always strictly species‑specific. For example, TBEV has been isolated from Dermacentor spp. [28], and OHFV from Ixodes spp. (e.g. OQ908946 and OR792466). Moreover, several established orthoflavivirus species utilise multiple tick genera; for example, Powassan virus has been documented in at least five tick species [29]. Applying vector association as a decisive criterion would thus necessitate splitting several currently accepted species. Vector and host differences between the proposed species are notable but fall within the range of intra‑specific ecological variation observed in other orthoflaviviruses.

2.6 Ecological characteristics
The ratified proposal points to differences in the seasonal activity of the main tick vectors and in the structure of natural foci. Such observations are valuable as they help to fill in the ecological background of these viruses, but they largely describe the settings in which different populations circulate. Ecological shifts of this kind routinely accompany population divergence and are not, in themselves, a signature of completed speciation. They are consistent with population‑level differentiation, but they do not supply independent evidence that species‑level boundaries have been crossed.

2.7 Overall assessment against the ICTV criteria
In summary, the previous proposal 2025.007S.A.v3.Orthoflavivirus_2nsp_1spren brings real TBEV group genetic and phenotypic diversity into focus, but the available evidence suggested there does not provide a sufficiently consistent basis for species-level separation according to the ICTV criteria. The sequence‑based delimitation is applied unevenly, the antigenic comparisons are not corroborated by direct neutralization data, the clinical contrasts come with historical caveats, and the ecological and vector-associated differences between the proposed species are compatible with the range of variation observed within other established orthoflavivirus species.

3. Evaluation of the alternative framework against the ICTV criteria
The single‑species framework we propose (specified in Proposed taxonomic changes and Demarcation criteria for new taxa sections based on [1, 13]) is aligned with the six demarcation criteria used by the ICTV Flaviviridae Study Group. In the following sections, we evaluate its performance with respect to each criterion.

3.1 Nucleotide and deduced amino acid sequence data
Our proposal is based on a quantitative, reproducible standard. Seven TBEV subtypes (Eur, Sib, FE, Bkl‑1, Bkl‑2, Ob, and Him), LIV (including SSEV and SGEV), TSEV (including GGEV), and two OHFV subtypes (OHFV‑1 and OHFV‑2) are united by a nucleotide divergence not exceeding 23% and an amino acid divergence below 14% over the complete polyprotein (uncorrected distances). These boundaries correspond to the abrupt shift in selective pressure identified by dN/dS profiling: within the species, Nei‑Gojobori dN/dS remains below 0.11, indicating strong purifying selection, whereas pairwise comparisons that cross the species boundary consistently exceed 0.13 [13]. This biphasic pattern is reproducible across independent genome regions (E and NS3) and is robust to the choice of dN/dS algorithm. 
Within the species, the eleven subspeciess are delineated by a uniform 10% nucleotide sequence cut‑off over the whole ORF - a threshold first established for TBEV sensu stricto [1] and proposed as a universal subspecies delineation criterion for tick‑borne orthoflaviviruses [13]. The framework thus satisfies the ICTV requirement for sequence‑based evidence in a transparent, quantitative manner. Based on this criterion, we propose unification of species Orthoflavivirus neudoerflense (European subtype of TBEV), Orthoflavivirus zilberi (Far‑Eastern, Siberian, two Baikalian, and Himalayan subtypes), Orthoflavivirus loupingi (louping ill virus, SGEV, and SSEV), Orthoflavivirus mediterranense (TSEV, GGEV), and Orthoflavivirus omskense into a single species: Orthoflavivirus eurasiaticus.
All sequence divergence values presented in this proposal refer to uncorrected pairwise distances calculated from complete polyprotein sequences. Amino acid divergence values may differ depending on the distance estimation method: uncorrected pairwise distances suggest a separation range between inter- and intra-species genetic distances of 12.3–15.1%, whereas amino acid distances estimated using the BLOSUM62 substitution model yield a corresponding range of 13.5–16.7%. Importantly, both approaches reveal the same discontinuity between intra- and interspecific comparisons, although the absolute values differ due to the correction procedure. The values used here correspond to the methodology applied for Figure 1 of the original study [13] (corresponding to Figure 2 in this proposal). Previously reported distances estimated using the BLOSUM62 substitution model  in the text of that publication were inconsistent with the methodology described for Figure 1 and will be corrected separately by replacing the values 13.5–16.7% with 12.3–15.1% in a Corrigendum.
Although novel flaviviruses related to TBEV may be discovered in the future, the notable gap between intra- and inter-species distances in the proposed species framework speaks for its robustness in such case.
3.2 Antigenic characteristics
Serological cross‑reactivity among the viruses grouped into O. eurasiaticus is extensive. Cross‑neutralisation tests show that the antigenic distances between TBEV and LIV are smaller than those documented among well‑characterized lineages of Yellow fever virus, yet all YFV representatives remain a single species [30]. Similarly, sera from TBEV vaccine recipients neutralize OHFV [31].
The protective efficacy of TBE vaccines based on different subtypes has been extensively studied. Vaccines based on both European and Far Eastern strains provide cross‑protection against a wide range of TBEV strains representing most subtypes [32]. Importantly, the protective efficacy depended on the individual properties of the vaccine strain and the challenge virus rather than on their subtype affiliation. Even a single amino acid substitution in the E protein could affect the spectrum of induced neutralizing antibodies and the protective efficacy.
Furthermore, the TBE vaccine provides long‑term protection against OHFV in an experimental mouse model. Mice vaccinated with the inactivated TBE vaccine were protected against OHFV infection even one year after immunization, with neutralizing antibody titers against OHFV comparable to those against the TBEV vaccine strain [33]. 
Taken together, the available serological evidence suggests that the antigenic distances within the proposed O. eurasiaticus clade are no larger than those accepted within other orthoflavivirus species. Minor differences can be readily expressed at the subspecies level, which is fully compatible with the ICTV's recommendation that antigenic data be weighed alongside the remaining demarcation criteria.

3.3 Disease association
The clinical symptoms caused by the viruses included in O. eurasiaticus, at first glance, can be described as a collection of distinct diseases, namely severe monophasic encephalitis (TBEV-FE), biphasic neuroinvasive illness (TBEV-Eur), hemorrhagic fever (OHFV) and encephalomyelitis of sheep (LIV). However, a more detailed analysis of the available evidence suggests that the situation is more complex. Most TBEV infections go undetected because they run an asymptomatic course, and the frequently cited gap in severity between the European and Far‑Eastern subtypes finds little support in contemporary surveillance data. OHFV is not simply a hemorrhagic fever; a substantial proportion of patients pass through a second, encephalitic phase, with headache and meningism [34]. LIV, often viewed as a purely veterinary pathogen, causes human infections that range from a transient influenza‑like illness to biphasic encephalitis, poliomyelitis‑like paralysis, and, in a documented laboratory case, a hemorrhagic syndrome clinically resembling Omsk hemorrhagic fever [35].
It is noteworthy that to the best of our knowledge, there is an absence of studies that have systematically compared a representative panel of strains from different TBEV subtypes under standardized conditions in a laboratory animal model and have consistently demonstrated distinct, subtype-specific clinical manifestations. The experimental observations frequently invoked to substantiate such distinctions were obtained on a limited number of strains, sometimes decades apart, in different laboratories, and under varied protocols. Given the well-known strain-to-strain variability within a single subtype [36], these observations cannot be taken as reliable evidence that the clinical phenotype is stably linked to subtype affiliation.
The contemporary Russian surveillance data lends further support to this assertion. In 2023 and 2024, fatal TBE cases were documented across the entire geographic range of the virus, extending from the European North-West to the Far East. CFRs in regions where TBEV-Eur predominates (e.g., Arkhangelsk, Vologda, Leningrad regions) were comparable to those observed in regions endemic for TBEV-Sib (Chelyabinsk, Novosibirsk, Perm regions) and TBEV-FE (Krasnoyarsk, Irkutsk, Primorye regions) [18, 37]. In regions where the number of lethal cases per year exceeds three (to exclude statistical artefacts), the mortality rate typically remains low. For instance, the nationwide average in 2024 was recorded at 2.7%. High CFRs were only evident in regions where there were one or two fatal cases reported, alongside several cases of non-fatal infection. The data does not indicate any consistent, subtype-driven variation in disease severity. 
When considered as a whole, the observations indicate that the clinical picture across the Orthoflavivirus eurasiaticus varies in emphasis (towards haemorrhage, towards neuroinvasion, towards biphasic fever) rather than breaking cleanly along species lines. The phenomenon of divergent tissue tropism among populations that remain subject to the same fundamental selective constraints offers a reasonable explanation for this pattern. The documentation of such variations at the subspecies level preserves medically and veterinary relevant information without categorizing as species-defining features phenotypes that, upon closer examination, exhibit overlap. This standpoint is in accordance with the ICTV guidance that disease association should be evaluated alongside the other demarcation criteria, rather than being used as a standalone arbiter of species status.

3.4 Geographic association
Orthoflavivirus eurasiaticus spans the entire Eurasian range of the clade, from the British Isles and the Mediterranean to Japan. The geographically structured distribution of subspeciess is a natural consequence of vector and host biogeography. By assigning these lineages to subspeciess rather than species, the framework acknowledges geographic partitioning without treating it as a sufficient condition for speciation — an approach consistent with the handling of other zoonotic viruses (e.g., rabies virus, yellow fever virus) that display pronounced phylogeographic structure within a single species.

3.5 Vector and host association
Orthoflavivirus eurasiaticus includes viruses transmitted by Ixodes ricinus (TBEV‑Eur, LIV), I. persulcatus (TBEV‑FE, TBEV‑Sib), and Dermacentor spp. (OHFV), as well as viruses adapted to different amplification hosts (rodents, sheep, red grouse). These ecological specializations are not absolute. For example, TBEV has been isolated from Dermacentor ticks, and OHFV from Ixodes ticks. Our framework retains vector and host information at the subspecies level, avoiding the need to split other orthoflavivirus species (e.g., Powassan virus) that also use multiple tick genera.

3.6 Ecological characteristics
Seasonal activity patterns of vectors and the structure of natural foci differ among subspeciess, but such differences are typical of widely distributed RNA viruses and are not, in themselves, considered markers of completed speciation. The quantitative species boundary proposed here suggests that the entire O. eurasiaticus clade has remained within a shared adaptive landscape, consistent with the ecological differences being variations on a common theme.

3.7 Summary of the evaluation
The Orthoflavivirus eurasiaticus framework satisfies the ICTV requirement for monophyly, applies a uniform nucleotide pairwise distance cut‑off for subspecies delineation, uses an additional quantitative evolutionary metric (the dN/dS threshold), and accommodates the observed antigenic, clinical, geographic, and ecological diversity within a single species. It removes the paraphyly inherent in the current taxonomy without creating an exceptional situation when a single vaccine protects almost equally well against multiple species. In our view, this proposal offers a biologically grounded and internally consistent alternative to the multi‑species approach proposed in the previous proposal 2025.007S.A.v3.Orthoflavivirus_2nsp_1spren.
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[image: ] Figure 1. Phylogenetic relationships of tick-borne orthoflaviviruses and comparison of alternative species delimitation schemes. The evolutionary history was inferred using the Neighbor-Joining method based on complete polyprotein nucleotide sequences. The tree was constructed using the p-distance method (uncorrected nucleotide distances) and includes 112 sequences with 10,445 positions retained after removal of ambiguous sites. Branch lengths represent evolutionary distances expressed as substitutions per site. Bootstrap support values (1,000 replicates) are shown only for nodes corresponding to major taxonomic groupings and are indicated by filled squares for supported nodes. The current ICTV-recognized classification, in which the tick-borne encephalitis virus complex is divided into four species, is shown alongside the proposed classification scheme, in which these lineages are consolidated into a single species, Orthoflavivirus eurasiaticus, with inclusion of Omsk virus lineages. Colored branches indicate the proposed subtype structure within O. eurasiaticus; other orthoflaviviruses are shown in black. Evolutionary analyses were conducted in MEGA7.
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Figure 2. Pairwise nucleotide and amino acid divergence among orthoflaviviruses based on complete polyprotein sequences. Pairwise nucleotide and deduced amino acid distances were calculated from complete polyprotein sequences. Blue dots represent intraspecific comparisons, whereas red dots represent interspecific comparisons. Dashed lines indicate the observed separation ranges between intra- and interspecific comparisons. The nucleotide uncorrected distances along the x-axis show a discontinuity at approximately 21.4–24.6% divergence. (A) Amino acid distances calculated using uncorrected pairwise (Hamming) distances. The discontinuity between intra- and interspecific comparisons occurs at approximately 12.3–15.1% amino acid divergence. (B) Amino acid distances estimated using the BLOSUM62 substitution model. The same discontinuity is observed, with the corresponding separation range of approximately 13.5–16.7%. The difference in absolute values reflects the correction procedure, whereas the overall pattern of separation remains unchanged. The code for the Figure 2 and 3 generation is available at https://github.com/AndreiDeviatkin/repo/blob/main/Orthoflavivirus_eurasiaticus_proposal/Figure2+Figure3_generation.R. Multiple alignment used for the generation of this figure is available at https://github.com/AndreiDeviatkin/repo/blob/main/Selection_pressure_profile_suggests_species_criteria_among_tick-borne_flaviviruses/data/MAFFT_based_alignments/tick_nt_0.98_al_ORF.fas (nucleotide alignment) and https://github.com/AndreiDeviatkin/repo/blob/main/Selection_pressure_profile_suggests_species_criteria_among_tick-borne_flaviviruses/data/MAFFT_based_alignments/tick_aa_0.98_al_ORF.fas (amino acid alignment).
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Figure 3. Distribution of pairwise Nei–Gojobori dN/dS ratios among orthoflaviviruses. Pairwise dN/dS ratios were calculated for complete polyprotein sequences using the Nei–Gojobori method. The distribution of pairwise comparisons within the same species (intraspecific comparisons, blue) and between different species (interspecific comparisons, red) is shown. Dashed lines indicate the approximate transition range between the two distributions. All within-species comparisons show dN/dS values below 0.104, whereas all between-species comparisons show values above 0.128, indicating a discrete shift in selective constraints. The code used to generate Figures 2 and 3 is available at: https://github.com/AndreiDeviatkin/repo/blob/main/Orthoflavivirus_eurasiaticus_proposal/Figure2+Figure3_generation.R. The pairwise dN/dS ratio table used for Figure 2 generation is available at: https://github.com/AndreiDeviatkin/repo/blob/main/Selection_pressure_profile_suggests_species_criteria_among_tick-borne_flaviviruses/data/pairwise_dnds_tables/tick_nt_0.98_al_ORF_codon.fas_dnds.txt.
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species_Orthoflavivirus-eurasiaticus_subtype_TBEV-Eur_DQ401140
species_Orthoflavivirus-eurasiaticus_subtype_ TBEV-Eur_KF991107
species_Orthoflavivirus-eurasiaticus_subtype T BEV-Eur_ON502378
Species_Orthoflavivirus-eurasiaticus_subtype_LIV_KJ495985
species_Orthoflavivirus-eurasiaticus_stubtype_LTV_WMK007539
species_Orthoflavivirus-eurasiaticus_subtype_LIV_MN844186
species Orthoflavivirus-eurasiaticus_subtype L1V MK007534
rthoflavivirus-eurasiaticus_subfype_ LIV_MK007533
Orthoflavivirus-eurasiaticus_subtype_ LIV_KF056331

O. mediterranense

species_Orthoflavivirus-eurasiaticus_subtype LIV "NC001809
species_Orthoflavivirus-eurasiaticus_subtype_LIV_MK007532
species_Orthoflavivirus-eurasiaticus_subtype_LIV_WVK007540
species_Orthoflavivirus-eurasiaticus_subtype_LIV_MK007544
species_ Orthoflavivirus-eurasiaticus subtype_ LIV_ MG243699
species_Orthoflavivirus-eurasiaticus_subtype L1V "KP144332
species_Orthoflavivirus-eurasiaticus_subfype_LIV_DQ235152
species_Orthoflavivirus-eurasiaticus_subtype_GGEV+TSEV_DQ235153
species_ Orthoflavivirus-eurasiaticus. subtypé. GGEV+TSEV DQ235151
species_Orthoflavivirus-eurasiaticus_subtype_Omsk2_AY193805
species_Orthoflavivirus-eurasiaticus_subtypé_Omsk2. MT354618
species_Orthoflavivirus-eurasiaticus_subtype_Omsk2 OL689364
species_Orthoflavivirus-eurasiaticus_subtype_Omsk2 MT354615
species_Orthoflavivirus-eurasiaticus_subtypé_Omsk2_OP292291
species Orthoflavivirus-eurasiaticus subtype_Omski _AB507800
species_Orthoflavivirus-eurasiaticus_subtype_OmskT_MT354616
species_Langat_subtype_Langat AF253419

species Langat, sublype Langat k630893
species_Alkh+Rya_subtype_Alkf+Kya_AY323490
1_[—: species_Alkh+Kya_subtype_Alkh+Kya_MG720086

species_Alkh+Kya_subtype_Alkh+Kya MG720085
L species Alkh+Kya_subtype Alkh+Kya_JF416966

species_Powassan_subtype_Powassani_HM440558
T hctes Powassan subype_Powassani HM440555

T species Powassan subiype Powassan2 EU543649

specles_ Powassart_sublype PowassanZ 440563
species_GGV_subtype_GGV1_DQ235145

species. GGV_sublype_ GGVZ. MN830233
species Karshi subtype Karshii AY863002

species_Karshi_stbtype_Karshi3_NH688511
L species_Karshi_subtype_Karshi2_DQ46:

2443
speties Royalfamm Sublype Royalfarn DQ235149

species_Kadam. sublypé_Kadam DQ235148

spcies. Kama_subtype. Kara KF815940
species Meaban_subtype_Meaban_DQ235144

species Saumatezreel stblype Saumarezree_DQ235150

species_Tyl_subtype_TyIT_KF
Shecies Ty Sublype-Ty12-DQ235148
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