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Abstract

The International Committee on Taxonomy of Viruses recently adopted, and is gradually implementing, a binomial naming
format for virus species. Although full Latinization of these names remains optional, a standardized nomenclature based
on Latinized binomials has the advantage of comparability with all other biological taxonomies. As a language without
living native speakers, Latin is more culturally neutral than many contemporary languages, and words built from Latin
roots are already widely used in the language of science across the world. Conversion of established species names to
Latinized binomials or creation of Latinized binomials de novo may seem daunting, but the rules for name creation are
straightforward and can be implemented in a formulaic manner. Here, we describe approaches, strategies and steps for
creating Latinized binomials for virus species without prior knowledge of Latin. We also discuss a novel approach to the
automated generation of large batches of novel genus and species names. Importantly, conversion to a binomial format
does not affect virus names, many of which are created from local languages.

INTRODUCTION

Since their introduction by Carl Linnaeus in 1753, binomials in the general format Genus_name species_epithet (e.g.
Escherichia coli) have become the officially preferred, universally recognized and adopted format for naming species in
cellular biology (i.e. bacteriology, botany, mycology and zoology) [1-4]. These Latinized binomials remain unchanged across
different languages, making them recognizable to an international readership; for example, the name for the species estab-
lished for humans is ‘Homo sapiens’ in Arabic, Chinese, English and all other languages and thus can be easily recognized by
the global community, whereas the noun ‘human’ occurs only in English. Also, as in the example above, Latinized binomials
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(i) Use an established genus name (i) Identify an appropriate geographica (iii) Add -ense
ending in -virus ocation and place into lower case
<Genus name ending in -virus> <name + ense>
Examples: = Lincruvirus europense (after the continent of Europe)
= Mivirus ense (after the Chinese city of ;X [Wuhan])
= Sclerotimonavirus sense (after the US state of lllinois)

Fig. 1. Latinized binomial virus species name formation based on geographical locations. Examples are ICTV-ratified, official species names.

are often distinct from organism names. This difference is helpful in maintaining the logical distinction between a taxon
(e.g. the species Canis lupus, which includes all wolves and describes the concept of a wolf) and the physical members of the
taxon (e.g. individual wolves). Many aspects of Linnaean nomenclature have stood the test of time: for example, taxonomic
names are typically expressed in Latin and typically built from Latin and Ancient Greek roots. Aside from providing stability
in practice, there are additional advantages to the use of Latin. As a language without living native speakers, Latin may be
less likely to incur the charge of cultural favouritism than many contemporary languages. Furthermore, stems derived from
Latin and Ancient Greek are already widely used in the language of science across the world.

In virus taxonomy, names of taxa above the rank of species are already Latinized, following the biological format [5].
However, virus species names have not, until recently, followed a consistent format, setting virology apart from other systems
of biological nomenclature. Frequent homonymy of virus species and virus names, currently still abundantly present in
virus taxonomy, is another issue that may generate confusion [6-8].

In 2021, the International Committee on Taxonomy of Viruses (ICTV) changed the International Code of Virus Classifica-
tion and Nomenclature (ICVCN) to mandate a binomial format for naming viral species similar to that used for cellular
organisms [9, 10]. This new binomial format consists of a Latinized genus name and a ‘freeform’ species epithet [9, 10]
but may include any text or numbers. During discussions preceding this change, reservations were voiced over mandatory
Latinization of species epithets because converting established virus species names to a Latinized binomial format and
even more so the creation of species names de novo might prove complex and time-consuming [11, 12]. To evaluate this
concern, one of us (T.S.P.) converted 175 official species names in the order Mononegavirales and the family Arenaviridae
to Latinized binomials [13]. This exercise revealed a practical ease of conversion and was subsequently expanded to include
a larger set of species for negative-sense RNA viruses (=650), which took approximately 2 weeks to complete.

Three conclusions could be drawn from these exercises: (i) a single individual could convert a considerable number of virus
species names with limited time and effort; (ii) when evaluating these hypothetical new species names, ICTV Study Groups
made some suggestions for alternatives but did not object to the majority of names, indicating that a large-scale conversion
to Latinized binomials is unlikely to prove objectionable to the virology community; and (iii) conversion of current virus
species names to Latinized binomials can be achieved in a formulaic fashion that does not require knowledge of Latin.

The recent changes to the ICVCN (taxonomic proposal [TaxoProp] 2018.001 G.R.binomial_species [14]) require submission
of TaxoProps to change all established non-binomial species names to binomials by 2023 and all novel species names to be
created in the binomial format starting in 2021 [9, 10]. Remaining optional is Latinization of species epithets. (An epithet
is the second component of a binomial species name.) Indeed, an increasing number of species names has already been
converted, and many Study Groups adopted Latinization efficiently. (For the current ICTV taxonomy, see https://ictv.global/
taxonomy and the various ICTV Virus Taxonomy Profiles and linked ICTV Report chapters published by The Journal of
General Virology at https://www.microbiologyresearch.org/content/ictv-virus-taxonomy-profiles, as well as taxonomy updates
published by Archives of Virology's Virology Division News at https://link.springer.com/journal/705/topicalCollection/AC_
d2e3a8e46d7ae45cb31eec24c4b7d987). Here, we provide guidelines for generating Latinized binomial virus species names to

(i) Use an established genus name (ii) Identify the gender of the eponyn (iii) Append the corresponding Latinizing suffix
ending in -virus and place into lower case in the genitive form
Gender of eponym Suffix in the genitive form
<Genus name ending in -virus> < 1ym + Latinized suffix in the genitive form> Famining «==srsissnssves -ae
Masculine «s::s-seecssrss =
Examples: = Chuvivirus brun i (after Morten Thrane Briinnich) NEEP  ovososooonosoca i
= Odonatavirus 1 cii (after Johan Christian Fabricius)

Fig. 2. Latinized binomial virus species name formation based on persons, objects, organizations or institutions. Examples are ICTV-ratified, official
species names.
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assist virologists and other scientists interested in adopting this particular format. As high-throughput sequencing is revealing
many thousands of new viruses that will eventually be classified [15-27], species names will need to be created on a massive
scale. Thus, we also discuss an algorithmic approach to the generation of linguistically correct Latinized binomials. Similar
approaches have already led to the creation of more than a million hypothetical names for species of Archaea and Bacteria
[28, 29], and have been recently implemented for close to 1000 novel prokaryotic virus species names [9, 30]. Therefore,
Latinized binomials offer a viable alternative to other free-form names for individuals and ICTV Study Groups proposing
new species through TaxoProps.

A STEP-BY-STEP GUIDE TO THE CREATION OF INDIVIDUAL LATINIZED BINOMIAL VIRUS
SPECIES NAMES
Grammatical background

Linnaean binomials consist of two italicized words, a capitalized genus name (e.g. Homo: a human), followed by a species-specific
descriptor in the lower case, known as a species epithet (e.g. sapiens: wise, judicial or rational). Together, these two words constitute
the species name. Names are built using letters from the Medieval (aka ISO basic) Latin alphabet, while avoiding use of diacritical
marks and other characters, aside from hyphens (ICVCN Rule 3.13). The genus name is a noun or an adjective used as a noun.
The species epithet is (i) an adjective that describes the genus (e.g. Homo sapiens: the wise human); (ii) a noun in the genitive case
(i.e.indicating a ‘pertaining to’ relationship of the species epithet to the genus name) (e.g. Borrelia burgdorferi, a bacterial species
in the genus Borrelia named after its discoverer Wilhelm Burgdorfer); or (iii) a noun in the nominative case used in apposition
(i.e. as an additional description of the taxon) (e.g. Tyrannosaurus rex, which means ‘tyrant lizard, the king’).

When an adjective is used as the species epithet, it assumes the same grammatical gender as the associated genus name. This has
sometimes created problems when those not expert in Latin try to create names in other systems of nomenclature. However, as
all virus genus names (e.g. Betacoronavirus) uniformly end in the suffix -virus (derived from a Latin word, neuter in grammatical
gender, meaning ‘poisor’), all virus genus names and adjectival species epithets are treated as neuter. Similarly, the ICTV also
considers the genus suffixes -satellite, -viriform, and -viroid neuter. Hence, all recommendations listed here may be applied to
satellite, viriform, viroid and virus species naming. This uniformity simplifies the use of Latinized virus species epithets when
compared to other biological taxonomies, in which all three grammatical genders are amply represented among genus names.
However, Latin adjectives come in a variety of different classes with different endings, known as declensions, and it is not always
immediately obvious which one is the correct one to use. Therefore, we recommend that virologists without Latin knowledge
only use adjectives for species epithets that refer to the geographical location, which can be constructed in a formulaic manner
as described below.

Forming the genitive case of a Latin noun is typically less complex by comparison, as each Latin noun has exactly one singular
genitive form, which is listed in standard Latin dictionaries. Those available for free use online include the aptly named ‘Latin
Dictionary’ (https://www.online-latin-dictionary.com) and ‘William Whitaker’s Words’ (https://latin-words.com).

Names based on geographical location

The Latin suffix -ensis denotes an adjective that describes a location. This suffix is commonly used in other biological taxonomies;
e.g. Homo neanderthalensis is the name of the species for hominins originally found in the Neandert(h)al (Neander Valley),
Germany. Because viruses are often named after the geographical locations at which they were first discovered or sampled, this
suffix offers a convenient method of creating grammatically simple, neuter adjectives to serve as species epithets, without the need
to identify the declension. The neuter form of -ensis is -ense, which can be directly attached to the name of a location. For instance,
Examplovirus neanderthalense could be a species in the fictitious genus Examplovirus for a virus in some way associated with
the Neandert(h)al region. Analogously, the related species Examplovirus bostonense would be associated with the city of Boston.
Of note, the nature of species epithets does not require them to be unambiguous descriptors of a unique location (or anything
else), as long as they are unambiguous descriptors of the virus species. Indeed, there are up to 34 municipalities named Boston
around the world; yet it is immaterial to which one of these bostonense is referring, as long as there is no other Examplovirus
species bearing the same epithet. When the suffix -ense is added to a word ending with a vowel, that vowel may be omitted for
aesthetic reasons, but, for consistency and simplicity, we recommend retaining these vowels (e.g. Examplovirus atlantaense, not
Examplovirus atlantense) except if a vowel is repeated (e.g. Examplovirus zairense, not Examplovirus zaireense) (Fig. 1).

Names based on persons, objects, organizations or institutions

To create a Latinized species epithet based on the name of a person, object, organization or institution, the name may be Latinized
and converted to the genitive form. Latinization of personal names is typically achieved by appending the appropriate Latin
suffix. The ending differs for the three grammatical genders, with the base form being -a for feminine (e.g. a female person;
woman), -us for masculine (e.g. a male person; man) and -um for neuter (e.g. an object, organization or institution). For each of
these, the cognate genitive form can be created using the endings provided in Fig. 2. For example, a virus species in the fictitious


https://www.online-latin-dictionary.com
https://latin-words.com
http://archives.nd.edu/words.html

Postler et al., Journal of General Virology 2022;103:001800

(i) Use an established genus name (i) Identify the suffix of the medical term fo (iii) Change the suffix to the genitive form
ending in -virus the disease and place into lower case -
Suffix Suffix in the genitive form
- R is
) cosoonononng -iae
<Genus name ending in -virus> <medical te ¢ se + suffix in the genitive form> -is (except -itis) ------ -is
-itis  ceeeeeiiiins -itidis
X X B . . UM  cecceceaanns i
Examples: = A/ph‘a/‘nfluenzawrus enzae (after the disease influenza) e il
* Rubivirus ae (after the disease rubella) s R rralis
“OF ceccccccccns -0ris

Fig. 3. Latinized binomial virus species name formation based on diseases. Examples are ICTV-ratified, official species names.

genus Examplovirus named after Jane Goodall, a woman (Goodalla), might be called Examplovirus goodallae, whereas a related
species named after Max Delbriick, a man (Delbruckus), could be designated Examplovirus delbrucki (Fig. 2). Further, a species
to be named after UNICEEF, an organization (unicefum), could be designated Examplovirus unicefi. These guidelines describe
the same simple approach also used in zoology, but it should be noted that other taxonomical frameworks in biology access a
greater diversity of options in the formation of eponyms. For example, the interested reader is referred to the International Code
of Nomenclature of Prokaryotes [3]. We do not discuss these broader possibilities further for the sake of simplicity.

Names based on a disease

Generating a Latinized species epithet based on a disease caused by a member virus is often convenient, as medical nomenclature
typically uses Latin or Latinized suffixes in disease nomenclature as well. To form the genitive of such a disease name, only the suffix
has to be altered. Fig. 3 provides a list of suffixes commonly used in medical terminology and the corresponding genitive forms.
For instance, if a member of a species in the fictitious genus Examplovirus causes an inflammation of the tonsils (i.e. tonsillitis),
the species name could be Examplovirus tonsillitidis. Of note, medical terminology is frequently an amalgam of Latin and Greek
etymologies, which occasionally affects suffixes. Nonetheless, Latin-based declension (even of Greek suffixes) is recommended
wherever possible (Fig. 3).

Names based on the host

All established organismal species, and therefore almost all virus host species, are already named using Latinized binomials.
Consequently, creating a Latinized virus species epithet based on a host taxon only requires finding the genitive form of that
taxon. However, this approach should only be taken if the host taxon is well established and considered to be stable, as confusion
will inevitably arise if a host taxon name is updated but the virus species name is not. In general, we recommend choosing the
genus name of the host, rather than its species epithet, because the epithet by itself is typically less informative and many viruses
infect hosts of several species within the same genus. As with geographical names, however, complete accuracy in the choice of
host-based species epithets is not required (or even realistic), as long as the resulting binomial is an unambiguous descriptor of
the virus species.

Fig. 4 lists Latin suffixes commonly used in the naming of non-viral genera. This list is by necessity incomplete, as some suffixes
are used by multiple different declensions. In those cases, different words with the same ending in the base form (the nominative
case) may have different endings in the genitive form. Therefore, for such a situation, we recommend that investigators use a
Latin dictionary or other credible resource to determine if the host genus name is a Latin word (e.g. Homo) and, if so, to identify
the corresponding genitive form. If the genus name is not a Latin word, we suggest that investigators use the same dictionary or
resource to ascertain the Latin translation, along with the cognate genitive form, of the common name of the host instead. For
instance, for a species included in the fictitious genus Examplovirus whose members infect Darwin’s foxes (Lycalopex fulvipes), a
quick search would reveal that the Latin word for fox is vulpes, with the genitive vulpis. Thus, this virus species might be named
Examplovirus vulpis.

Other rules apply if a virus species is to be named after a host taxon ranked above genus, as such taxa are by convention always
denoted in the plural form. This situation is grammatically more complex, as the only unambiguous suffix is -ae (e.g. Hominidae,
the family that includes humans). In such cases, the singular genitive form is also -ae. An examplovirus species whose members
infect hominids might thus be named Examplovirus hominidae. An examplovirus species for a virus isolated from bats, which
comprise the entire taxonomic order Chiroptera, might be named Examplovirus vespertilionis, as the Latin word for bat is
vespertilio (Fig. 4).

Contractions and omissions

Established non-Latinized virus species names and virus names often consist of more than two words, precluding a direct
conversion to Latinized binomials. Virological taxonomy has a long history of elegantly circumventing this problem by use
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(i) Use an established genus (i) ldentify the genus name of the
name ending in -virus host species and place into
lower case

<Genus name ending in -virus> <host genus name + suffix in the genitive form>

Examples: = Thamnovirus percae (after the host species Perca fluviatilis)
= Mivirus dermacentoris (after the host genus Dermacentor)
= Scarabeuvirus ae (after the Latin word for cockroach, blatta)

(iii) I the suffix...

a. is listed in the table, change
the host genus name to the
genitive form.

b. is not listed in the table,
consult a dictionary to
determine whether the host
genus name is a Latin word
(e.g., canis, mus, or homo)
and use the genitive form
listed in the dictionary.

Suffix ~ Suffix in the genitive form

(iv) If (iii) is impractical (i.e., the
suffix of the host genus is not
listed in the table and the host
genus name is not a Latin
word), consult a dictionary to
identify the Latin translation
of a suitable host name and
use the cognate genitive form
listed in the dictionary (e.g.,
vulpes — vulpis for fox or
vespertilio — vespertilionis
for bat)

) odoacasaas -ae
<88 cseencenss -atis
LR ERERE -is
“OF ceoovennes -0ris
S} opnddso ot -us
7 R -
SYS  eeeeeeenen _ys/'s

Fig. 4. Latinized binomial virus species name formation based on virus hosts. Examples are ICTV-ratified, official species names.

of contractions, as exemplified by the family names Tombusviridae (after tomato bushy stunt virus) or Hepeviridae (after
hepatitis E virus). We recommend continuing this tradition when creating Latinized binomial species names. For instance,
the virus species currently named Britarnavirus 2 could be renamed Britarnavirus britcolense, as the original isolation of the
member virus, marine RNA virus BC-2, occurred in British Columbia. Similarly, Mamastrovirus 8 could be converted to
the Latinized binomial Mamastrovirus homustovis; the original isolates of this species were named HMO for their similarity
to human (genus Homo), mink (genus Mustela) and sheep (genus Ovis) astrovirids. If contractions are not practical but
an investigator wants to preserve a relationship to an established, non-Latinized species name or virus name, parts of that
name could be Latinized and others omitted. For example, the species formerly designated as Wheat American striate mosaic
cytorhabdovirus was recently renamed Cytorhabdovirus tritici, as wheat belongs to the genus Triticum.

Creative approaches

The information provided here is intended to offer practical guidelines for the creation of Latinized virus species epithets
that are applicable to a majority of use cases. However, there will be instances in which these guidelines are insufficient. In
such cases, we encourage investigators to use their imagination to create their own Latinized alternatives derived with the
guidelines above. For instance, the species designated as Severe acute respiratory syndrome-related coronavirus [currently the
taxonomic home of both severe acute respiratory syndrome coronavirus (SARS-CoV) and SARS-CoV-2] could be converted
to the arguably much simpler Betacoronavirus sarscovi, using the acronym SARS-CoV and Latinizing it as a neuter eponym.
Analogously, if SARS-CoV-2 were to be assigned to a separate species, consultation of a Latin dictionary would reveal that
the Latin word for ‘second’ is secundus, which could be used in a contraction with sarsi to create the Latinized binomial
Betacoronavirus secusarsi.

Other situations may require more creative approaches. For instance, there is no Latin word for echinoderm. However,
echinoderms exhibit radial, often star-like morphology. The Latin word radiale approximately means ‘like the spokes of
a wheel’ Following these considerations, as well as the guidelines provided above, the species Echinoderm berhavirus was
recently renamed Berhavirus radialis.

Problems could arise when different species in the same genus have highly similar name-giving characteristics. For example,
Antarctic penguin viruses A, B and C, which are members of the species currently named Avian orthoavulavirus 17, 18 and
19, respectively, were all isolated at the same location, Kopaitic Island. This island was named after Boris Kopaitic O’Neill.
Consequently, Avian orthoavulavirus 17, 18 and 19 could conceivably be renamed Orthoavulavirus borisense, Orthoavula-
virus kopaiticense and Orthoavulavirus oneillense. Numbers and letters could also be incorporated into new species names.
For instance, the former species Trifolium pratense cytorhabdovirus A and Trifolium pratense cytorhabdovirus B have been
renamed Cytorhabdovirus alphatrifolii and Cytorhabdovirus betatrifolii, respectively.

Case study for batch virus species name formation

Our recommendations focus primarily on the creation of Latinized virus species names on an individual basis. The current
total number of established virus species (10 434; Master Species List #37, 2022 [31]) and the deadline to submit TaxoProps to
accomplish the binomial conversion (2023) [9] is not prohibitive to a one-by-one approach [13]. The number is indeed a fraction
of the more than a million species assigned in the rest of biology, each bearing a Latinized binomial name. However, the recent
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Original names:

Farmersville (lllinois)
Miyagi (Japan)
Jorgen (Austria)
Quinette (Missouri)
Atractantha (grass genus)

!

Data input

Create a list of general terms
relevant to name formation

(e.g., names of geographic
locations associated with viruses
to be classified in the genus)

Altered term:

Output genus name:

Fahrmevirus
Muyahjovirus

Fahrmersville
Muyahjo
ﬁ Jargo
Quhonotte
Importation Atricdantha
into R T

L,

Subject general terms to automated
term-modification script

Term modification

For instance, randomly substitute vowels and
consonants to letters with similar phonetics, or
modify vowels:

(i) Count the number of characters within terms
stored in df$names

R code: nchar(x = df$names)

+

(i) Randomly generate numbers between 1 and 3
based on the number of characters within terms
stored in df$names
R code: stringi::stri_rand_strings (n = nrow(df),
length = nchar(df$names), pattern = “[1-3]")

+

(iii) Paste the first and second characters of
df$names to the first and second randomly
generated numbers stored in df$rnumber,
without introducing spaces
R code: paste(substr(x = df$names,
start = 1, stop = 1), substr(df$rnumber,

1, 1), substr(df$names, 2, 2), substr
(df$rnumber, 2, 2), sep = ")

4

Change the alphanumeric combination “a1” to
“ah” stored in df$mix

(iv

R code: gsub(pattern = “a1”, replacement = “ah”,

x = df$mix)
(v) Remove any remaining numbers from df$mix
R code: gsub(“[1-3]", “”,df$mix)

df = dataframe, $ = separating a dataframe and one
of its columns.

Script 1 Script 2 Script 3
T 3 T 3 = B
5 & > = S
S = S = e =
al ... ah a2 ...e a3 ... i
b1--- p e2 ... i e3 ..o
cl--- k i2 ... 0 i3 ---u
df ...t 02 - u i3 g
el..-eh u2 --- a k3 --- ¢
gl-- j 03 ---a
i1 -+ ih p3 --- b
k1. ¢ t3 --- d
ol ... oh ud .- e
t1--- d

utl --- uh

Jargovirus
Quhonovirus
Atricdavirus

I

Term finalization

L

Subject modified terms to quality control
and create genus names

To increase usability of modified terms:

(i) Remove repeated characters from
df$newTerms
R code: gsub(“([:alpha:]])\1+7, “\17,
df$newTerms)

(i) Keep only the first seven characters of
df$newTerms
R code: ifelse(nchar(df$newTerms) > 7,
substr(df$newTerms, 1, 7), df$newTerms)

+

(iii) End terms within df$newTerms on a vowel
R code: stringr::str_split_fixed(string =
df$newTerms, pattern = “[*aeiou]*$”, n = 2)

+

(iv) Count the number of vowels within
terms stored in df$newTerms
R code: nchar(gsub(“[*aeiouy]”, “”,
df$newTerms, ignore.case = TRUE))

+

Discard terms with fewer than 5 letters

+

(vi) Ensure a minimum 2 consonants and
2 vowels

(vii) Check terms against official ICTV
taxonomy and at least PubMed for
uniqueness of created terms as word
stems for novel genera; perform
internet searches to ensure terms are
not offensive

(v,

(viii) Finally, change terms to genus names by
adding the suffix "-virus"

Fig. 5. Example strategy for batch formation of virus genus names.

rapid increase in the discovery of novel viruses [15-27] presages an impending need to classify hundreds or thousands of viruses
into novel species annually and to create corresponding binomial names on a similar scale.

We recently demonstrated that rapid batch formation of Latinized binomial virus species names is possible and acceptable to the
ICTV. A thorough analysis of various metagenomic studies revealed a large number of relatives of the four classified positive-sense
RNA viruses known to infect prokaryotes in 2020 [30]. This discovery required a fundamental taxonomic reorganization of
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(i) For species-rich genera, (ii) Forinstance, use roots from Latin or (iii) Add
use affixes, for instance, prefixes: Greek pertaining to the habitat of viruses (e.g., -€ g
- to be associated with novel species, i.e., ens, )

Prefix Meaning consider using prefixes agri-, chthono-,
allo- ««..... other, different geo-, or terri- for terrestrial habitats;
Neo- «eeveens new, recent defluvii- or faeci- for sewage habitats;

pseudo- ... false, deceptive simi- or pisci- for primate or fish hosts

<(prefix +) habitat + i i >

Examples: = agri
= defluvii
= neoterr

Fig. 6. Example strategy for batch formation of virus species epithets.

the very small class Allassoviricetes (one order including one family with two genera and four species), leading to a now-ICTV-
accepted, renamed class (Leviviricetes) that includes two orders, six families, 420 genera and a total of 883 species [9, 30].

Within this reorganized taxonomy, genus names for previously isolated and laboratory-studied bacterial RNA viruses were created
manually, such as Emesvirus for the genus containing the well-known bacteriophage MS2, Qubevirus for bacteriophage QP or
Pepevirus for bacteriophage PP7. Similarly, species epithets were also devised manually by utilizing different features of the isolated
viruses. For instance, Emesvirus zinderi was named after Norton Zinder who discovered the first RNA phage; Qubevirus durum
was named after the remarkable stability (durum means hardy) of the capsid of its member virus; and Apeevirus quebecense was
named after the location of initial virus isolation. However, 871 metagenome-derived viruses, which lacked any known physical
characteristics, required overcoming three hurdles: batch formation of genus names (which are necessary components of binomial
species names), batch formation of species epithets and the unique combination of the two.

The formation of genus names followed a three-step process (Fig. 5). First, lists of terms were populated with basic data associated
with the newly discovered viruses and pasted into comma-separated value fields for importation into R [32]. To mitigate any
potential negative connotations that may arise when species were named after a person, place or object, a devised mutation of
the assembled list of terms (also known as ‘strings’) was performed using R code; the terms were mutated using ‘gsub’ functions.
A specific seed was set for reproducibility; before each letter of each term to be mutated the numbers 1, 2 or 3 were randomly
assigned using the ‘stringi’ package in R [33]. Alternating between each character and its corresponding number, an alphanumeric
combination was concatenated. The letter-number combinations were then passed through a three-step script, with each step
uniquely changing specific alphanumeric combinations. Substitutions of specific alphanumeric combinations to a new letter were
designed to minimally change the phonetics of the resultant term. Due to the case sensitivity of R, the first letter of a term was
never mutated. The ‘gsub’ function was run a final time to remove numbers and provide a list of mutated terms.

To avoid the generation of mutated terms with excessive repetitiveness, only the first occurrence of a repeating letter was kept
and all long terms were truncated after the seventh character using the ‘stringr’ package in R [34]. Terms were subsequently
shortened further to the last occurring vowel to prevent a hard consonant before the genus rank suffix “-virus. We stipulated that
each mutated name needed to be a minimum of five characters in length and contain at least two consonants and two vowels; these
specific parameters required the initial starting list of terms to contain 1.5-2 times the number of genus names to be created while
avoiding short terms. Finally, all newly created genus names were checked against the then-current ICTV taxonomy to ensure
the uniqueness of the word stems of novel genera across all established taxon names (realms->species) and internet-searched to
ensure produced terms were novel and not offensive (Fig. 5).

The generation of novel species epithets was accomplished by devising a system to combine roots that describe different types
of virus properties (Fig. 6). As initial species epithet elements, each epithet incorporated roots from Latin or Greek pertaining
to the habitat of the discovered prokaryotic viruses. These roots were combined with second epithet elements reflecting classical
terms for ‘living in’ For species-rich genera, we added a prefix to increase the number of epithets (see, for instance, https://www.
bisdtx.org/cms/lib/TX02218757/Centricity/Domain/2450/Scientific%20Ro0t%20Words.pdf for a broad list of affixes and Latin
root words). Consequently, just a few dozen roots were used to generate more than 150 unique and linguistically well-formed
species epithets. For detailed information on the etymology of all created species epithets, the interested reader is referred to
the comments section of the Excel module of ratified ICTV TaxoProp 2020.095B.R Leviviricetes; https://ictv.global/taxonomy/
taxondetails?taxnode_id=202107200. Because the same set of species epithets may be used across distinct genera, this set of
epithets enabled the creation of the 871 unique species names in combination with the newly created ones. Similar approaches
can easily be programmed for any batch of genus/species names; by using various input parameters and diverse sets of affixes
the number of created names can be increased as needed in an iterative manner. The combinatorial nature of this method thus
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permits the facile generation of Latinized binomial species names at a scale commensurate with even the most ambitious estimates
for the rate of virus species establishment anticipated for the foreseeable future.

CONCLUSION

Many of the initial reservations about the use of Latinized binomials for virus species names were based on the concern that
converting thousands of names from English to a Latinized format would be complex and time-consuming. We hope this guide
has demonstrated that converting existing names to and creation of new Latinized binomials is simpler and less arduous than
imagined and is accessible to scientists without prior knowledge of Latin, i.e. that Latinization should not be equated with Latin
translation. Latinization provides flexibility and assures a standardized and stable virus taxonomy that is comparable with that
used by other branches of biology. Also, computational approaches make it possible to semi-automatically create hundreds of
novel Latinized virus species names in bulk. A method similar to the one described here, applied to nearly 1000 prokaryotic
virus species names, has been used to create close to 1 million new bacteria species names [28, 29], establishing the approach as
a possible solution for species naming even if the number of species to be named increases massively [35]. While computational
approaches may be iterative, as is the nature of software development, redundancy across platforms and within the methods
provides stability and consistency for a solid yet flexible foundation upon which to build such models. Therefore, Latinized
binomials offer a long-term viable alternative to other free-form naming approaches.
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