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Abstract

Virus classification arranges viruses showing similar properties into groups and, even though this depends on choices of
which specific properties have a value for classification, it does have certain important features. It aims to give a structured
arrangement of viruses so that the human mind can comprehend them more easily. It helps with communication between
virologists, and between virologists and non-virologists (e.g. regulators, advisers, other stakeholders etc.). It enables proper-
ties of new viruses to be predicted, and it could reveal possible evolutionary relationships. We need appropriate unambigu-
ous names for virus species, which is the keystone taxon, howsoever these are defined. We react to the recent consultation
paper [1] and suggest that, before deciding on a binomial (Latinized or non-Latinized) system for virus species names, the
International Committee on Taxonomy of Viruses develops a 21*' century virus classification system that handles the large
numbers of new virus species expected from metagenomic studies. This system should be user-friendly for easy communica-

tion, especially between virologists and non-virologist stakeholders.

Introduction

Humans have an innate desire to name and classify, and
the classification of any object is a totally artificial and
human-driven activity without a natural base. But why do
we classify anything, natural objects, books etc.? It gives an
accepted name of each object and a structured arrangement
of the objects which enables the human mind to comprehend
them more easily. Although classification systems can be
traced back to Plato and Aristotle, most of the classification
of natural organisms is based on that of Linnaeus published
in 1735 in Systema Naturae. This proposed a taxonomical
structure of natural objects, giving them binomial names and
hierarchical arrangement.
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Virologists are no exception to this innate desire to clas-
sify. The International Committee on Taxonomy of Viruses
(ICTV) was charged with organising the taxonomy of
viruses. Its Statutes include statements that the objects of
the Committee shall be for the public benefit and, in particu-
lar, to advance education in the taxonomy of viruses, and to
achieve the objectives that are described by Siddell et al. [1].
In the last rounds of discussion at the ICTV, the potential to
classify a virus has been expanded to include those “viruses”
for which the only known attribute is its RNA or DNA
sequence [2]. Thus, computer-generated sequences which,
hopefully but not always certainly, represent a contiguous
viral genome, must now be assigned to a virus species with
the further requirement to also generate an unambiguous
genus name to complete the classification of the sequence.

The Executive Committee (EC) of the ICTV initiated a
“thought experiment” on the possibility of generating Latin
Linnaean binomial names (LLBNs) for virus species and
genera in line with those used in the taxonomy of plants,
animals and other organisms. This experiment resulted in a
proposal [3] that showed that it was possible to name virus
species with LLBNS, such as Morbillivirus hominis aka the
species currently known as Measles morbillivirus (a non-
Latin binomial name) or just measles virus. Whilst English
is not the only language of science, Latin is rarely used,
except by tradition in biological taxonomy. Furthermore, the
application of LLBNs raises several serious problems [1, 3].
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This paper presents some thoughts on the discussion on
binomial naming of virus species raised by Siddell et al.
[1] and also requested by the ICTV through the various
study groups. It goes on to make suggestions that should be
considered in updating the taxonomic system to take into
account the large changes in available data and in the usage
of the system.

Why classify and name virus species?

A classification system on its own is a sterile entity, and one
has to consider who want to use it (the customers) and why
they want to use it? Hull [4] made some suggestions on this
question:

It helps communication between virologists.

It enables properties of new viruses to be predicted

It could reveal possible evolutionary relationships

It helps communication between virologists and non-
virologists (e.g., regulators, advisers, other stakeholders,
lay people, etc.).

=

The keystone to a biological classification system is the
species taxon upon which all the other taxa are based. For
most living organisms the standard definition of a species
used in Linnaean classification has been “a group of closely
related organisms that are very similar to each other and are
usually capable of interbreeding and producing fertile off-
spring.” However, this species concept becomes more argu-
able when applied to those organisms such as viruses (and
retrotransposons and bacteria) in which sex does not play a
role in reproduction, and especially when horizontal gene
transfer takes place frequently. Consequently, in bacteriol-
ogy, which does use a Latin binomial naming system for its
species classifications, the species concept is still debated
[5-7].

As described by Siddell et al. [1], there have been decades
of debate on a standardised naming system for virus species
which is contrasted to, but closely linked to, naming viruses
themselves. The subject of this current paper is not primarily
the definition of a virus species, although the actual defini-
tion is of paramount importance.

In considering how to deal with virus species in a tax-
onomy system, a further element that should be taken into
account is the vast expansion of the current number of rec-
ognized virus species, mainly from metagenomic studies [2,
8]. A recent guestimate by Edward Holmes [9] suggested
that there might be 10® human and animal virus species
when sampling and metagenomics are extended to all hith-
erto neglected animal species. A recent (2020) virus species
count from the ICTV Virus Metadata Resources indicated
that the overall total of virus species was 5560 (51 from
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algae, 49 archaea, 1396 bacteria, 131 fungi, 534 inverte-
brates, 238 invertebrates/vertebrates, 13 marine (S), 5 phy-
tobiome (S), 6 plants/invertebrates, 1632 plants, 1 plants/
fungi, 62 plants/invertebrates, 20 protozoa, 9 sewage (S),
1413 vertebrates). When viewed in the light of the estimate
of 405 for characterised human-infecting viruses [10], the
overall numbers of viruses (more than 10°) that might have
to be named and classified become a significant challenge.
Even for virus names, we would need more than 6 or 7 let-
ters for the abbreviated version.

How the current and proposed systems fit
the requirement of users

As noted above, a classification system is artificial and
should be of use to a range of users (customers):

1. It helps communication between virologists; 2. It ena-
bles properties of new viruses to be predicted; 3. It could
reveal possible evolutionary relationships. 1deally, the clas-
sification of viruses should allow a relatively expert reader
(or listener) to immediately recognize a set of likely charac-
teristics of the virus. This provides meaning to a statement
that a specific virus is classified in a given taxon. There
is a general and immediate perception of what the proper-
ties of viruses in the order Mononegavirales are (ignoring
the rhabdoviruses assigned to the genus Dichornavirus).
The classification of a virus as a member of the Paramyxo-
viridae, which was recently revised [11] immediately has
implications in terms of strategy of gene expression, rep-
lication, numbers and likely types of genes and even the
likely gene order. In that sense, classification is useful for
the virologists.

The current system of virus species nomenclature has
evolved from everyday usage by virologists, especially if it
includes the genus name as well as the species name in the
first formal mention (e.g., in a publication). The discussion
about renaming the viral species in the classification system
with either Linnaean binomials in English or Latin [1] has
implications for the immediacy of the recognition of these
implied characteristics and for a potential breakage of the
link to the past literature, which could be disastrous.

4. It helps communication between virologists and non-
virologists. The arguments about naming virus species are
not without a consequence for other stakeholders. While it is
recognized that there is a clear distinction between the taxo-
nomic naming of virus species and the names of the viruses
themselves, it is important for the wide range of users of the
taxonomy that they do not diverge too much. Virus names
and virus taxonomy are used in communication between
virologists and non-virologists such as regulators, quaran-
tine officers and advisors (and also between non-virologists
themselves). For example, to move plants or samples around
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the world, the requirements of regulatory and quarantine
agencies in each country, such as the United States Animal
and Plant Health Service (APHIS), must be satisfied. APHIS
follows the current ICTV nomenclature but does not offer
guidance to plant protection and quarantine (PPQ) officers
who are unlikely to be virologists. An example of a recent
notification (12 December 2019, personal communication)
by APHIS to PPQ officers is “First detection of the tobamo-
virus Tomato brown rugose fruit virus (ToOBRFV) in *#¥%*”
Creating new binomial species names (especially Latin
ones) for viral pathogens is really going to complicate this
basic reporting system to front-line quarantine and advisory
officers in general.

A virus classification system fit for the 21
century

We are going through a period of rapid changes in the poten-
tial numbers of viruses that need to be classified, coupled
with increases in the amount of information that is avail-
able on viruses, new approaches to analysing this informa-
tion, and new needs for structures that accommodate all this
information. The information should be easily available for
all interested parties, whether they be research virologists,
industry, regulators, advisors, or other stakeholders. We feel
that the ICTV should consider developing a framework that
can accommodate these needs built upon the current taxo-
nomic structure. For this framework there are two categories
of virus species — characterised species (with sequence,
symptomatology, host range, transmission, etc. known) and
sequence-species. The latter are often derived from eco-
logical samples and the only information available is the
nucleic acid sequence and possibly a host. As there are as
often several apparently new viruses in a single sample with-
out any relational properties, these would simply have to be
numbered.

In developing such a framework there are two factors to
be considered: a) how a species is defined; this has been
discussed almost as long as ICTV has existed [see refer-
ence 12]. b) how to name them — it would be impossible to
give them word names and even more impossible to give the
binomials (either Latinized or non-Latinized) for sequence-
species because, often in metagenomic studies on environ-
mental samples, neither the host nor the location is well
defined.

In light of the large numbers of virus species, a num-
bering system should be developed. This could distinguish
between characterised species (linking to accepted virus
names) and viral sequence-species (useful information for
quarantine officers for potential new infections) and com-
prise numerical indicators for other characters such as taxa,
major host and/or ecological source of the species.

This designation of a virus species fitting into the cur-
rent taxonomic framework could be used for communication
of information: a) For formal use, such as in publications
or oral presentations on characterised species, use the cur-
rent formal name or common name; b) for publication or
presentation of sequence-species, use the species number
for formal use; ¢) for communication with quarantine offic-
ers, regulators, other stakeholders, etc., use the common
name for characterised species and the species number for
sequence-species; in the latter case the person concerned
can glean data from the numerical designations in the spe-
cies number.

Postscript

1. The above discussion removes the need for the ICTV
to have long discussions on binomial names (Latinized
or not) for virus species. It (and its study groups) can
continue the current good work it does on classifying
new viruses, whether they be characterized or sequence-
species.

2. Organizations dealing with the classification of other
biological organisms (e.g., bacteria) are beginning to
be presented with problems from increasing amounts of
sequence data. An initiative taken by virologists could
be a paradigm for how to approach the situation.
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