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Bocavirus 2 6 new species introduced Aveparvovirus 1 2
Dependovirus 12 13 Binomial species names used Bocaparvovirus 12 22
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The classification of the family Parvoviridae was last modified in 1994, prior to publication of the
8™ ICTV Report, and is now significantly dated. To address this issue, the Study Group has
carried out a root and branch re-evaluation of the taxonomic structure and nomenclature of the
family. This prompted a reassessment of the criteria by which viruses are assigned to taxa, and
was followed by radical modifications at the level of genus and species. However, the family
remains divided into two subfamilies: Parvovirinae, which is defined predominantly by the ability
of constituent viruses to infect vertebrate hosts, and Densovirinae, which includes viruses that
infect arthropods, most notably insects but now extended to include decapod shrimp.

The proposals introduce new taxa into both subfamilies, resolve one misclassified species, and
inject clarity by employing the following systematic measures (see Module 9 for details).

1. Specifying the level of sequence similarity required for viruses to belong to the same genus,
and decreasing the current level of sequence similarity required for viruses to belong to the
same species. The former will define typical genus demarcation levels for the field, while the
latter will facilitate recognition of major phylogenetic branches within the genera and will
help eliminate the current apparent near-identity between species and the eponymous viruses
they represent.

2. For species, establishing systematic binomial names that do not recapitulate virus names.

3. For genera, expanding the current names to indicate subfamily affiliation and reduce
ambiguity resulting from vernacular use of different taxon levels (“parvovirus” can be used
currently to represent a member of the family Parvoviridae, the subfamily Parvovirinae or the
genus Parvovirus, and “densovirus” to represent a member of the subfamily Densovirinae or
the genus Densovirus).

In accordance with these measures, the proposals involve renaming most current genera, with the
exceptions of the genera Brevidensovirus (which will remain unchanged) and Pefudensovirus
(which will be removed), and creating additional genera. Viruses in the genus Pefudensovirus
share multiple genomic characteristics with those in the genus Densovirus, and all of these
viruses, plus 4 newly identified ones, are monophyletic and share a unique reliance on ambisense
transcription. Thus, the proposals involve effectively transferring viruses in the genus
Pefudensovirus into the renamed genus Ambidensovirus (currently Densovirus).

Decreasing the required level of sequence similarity at the species level effectively does away
with current species divisions, and in some instances results in the incorporation of several viruses
currently distributed among more than one species into a single, proposed species. To avoid the
contortions that would be required to accomplish this by removal of some species and renaming
of others, a more straightforward approach has been taken, whereby all current species are
removed and all proposed species are created afresh. The text of the proposal makes it clear where
viruses in current species have ended up. The new criteria now require extensive sequence data
(see below), and this has resulted in removal of a few species for the viruses in which no such
data are available.

The lists in the 9™ ICTV Report include, as members of the subfamilies or genera, some viruses
that that have not been approved as species. Since these viruses are beyond the purview of the
ICTV, they are not specified in the proposals and will be dealt with by the Study Group as a
separate issue of value to the field. Note that we emphatically do not propose tampering with virus
names, whether classified into species or not.

Page 3 of 65



Virus discovery approaches have been instrumental in identifying several important but
previously unknown parvoviral hierarchies. However, reliance on PCR typically confounds the
inclusion in genome sequences of the hairpin termini, which have complex secondary structures.
To accommodate these important considerations, while avoiding inclusion of viral sequence
fragments integrated into host genomes or metagenomic data that lack clear host attribution, the
following virus definition was employed throughout these proposals.

In order for an agent to be classified in the family Parvoviridae, it must be judged to be an
authentic parvovirus on the basis of having been isolated and sequenced or, failing this, on the
basis of having been sequenced in tissues, secretions, or excretions of unambiguous host origin,
supported by evidence of its distribution in multiple individual hosts in a pattern that is
compatible with dissemination by infection. The sequence must be in one piece, contain all the
nonstructural (NS) and virus particle (VP) coding regions, and meet the size constraints and motif
patterns typical of the family.

All viruses included in the restructured family conform to this definition.

The current and proposed taxonomy are shown overleaf. Further details are given in the individual
proposals.
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Current taxonomy
GENUS

Subfamily Parvovirinae
Amdovirus

Bocavirus

Dependovirus

Erythrovirus

Parvovirus

Subfamily Densovirinae
Brevidensovirus

Densovirus

Iteravirus
Pefudensovirus

SPECIES (type species in bold)

Aleutian mink disease virus
Bovine parvovirus

Canine minute virus
Adeno-associated virus-1
Adeno-associated virus-2
Adeno-associated virus-3
Adeno-associated virus-4
Adeno-associated virus-5
Avian adeno-associated virus
Bovine adeno-associated virus
Canine adeno-associated virus
Duck parvovirus

Equine adeno-associated virus
Goose parvovirus

Ovine adeno-associated virus
Human parvovirus B19
Pig-tailed macaque parvovirus
Rhesus macaque parvovirus
Simian parvovirus

Chicken parvovirus

Feline panleukopenia virus
H-1 parvovirus

HB parvovirus

Kilham rat virus

Lapine parvovirus

Lulll virus

Minute virus of mice

Mouse parvovirus 1

Porcine parvovirus

RT parvovirus

Tumor virus X

Aedes aegypti densovirus

Aedes albopictus densovirus
Galleria mellonella densovirus
Junonia coenia densovirus
Bombyx mori densovirus
Periplaneta fuliginosa densovirus
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Proposed taxonomy
GENUS

Subfamily Parvovirinae
Amdoparvovirus

Aveparvovirus
Bocaparvovirus

Copiparvovirus

Dependoparvovirus

Erythroparvovirus

Protoparvovirus

Tetraparvovirus

Subfamily Densovirinae
Ambidensovirus

SPECIES (type species in bold)

Carnivore amdoparvovirus 1
Carnivore amdoparvovirus 2
Galliform aveparvovirus 1
Carnivore bocaparvovirus 1
Carnivore bocaparvovirus 2
Carnivore bocaparvovirus 3
Pinniped bocaparvovirus 1
Pinniped bocaparvovirus 2
Primate bocaparvovirus 1
Primate bocaparvovirus 2
Ungulate bocaparvovirus 1
Ungulate bocaparvovirus 2
Ungulate bocaparvovirus 3
Ungulate bocaparvovirus 4
Ungulate bocaparvovirus 5
Ungulate copiparvovirus 1
Ungulate copiparvovirus 2

Adeno-associated dependoparvovirus A
Adeno-associated dependoparvovirus B

Anseriform dependoparvovirus 1
Avian dependoparvovirus 1
Chiropteran dependoparvovirus 1
Pinniped dependoparvovirus 1
Squamate dependoparvovirus 1
Primate erythroparvovirus 1
Primate erythroparvovirus 2
Primate erythroparvovirus 3
Primate erythroparvovirus 4
Rodent erythroparvovirus 1
Ungulate erythroparvovirus 1
Carnivore protoparvovirus 1
Primate protoparvovirus 1
Rodent protoparvovirus 1
Rodent protoparvovirus 2
Ungulate protoparvovirus 1
Chiropteran tetraparvovirus 1
Primate tetraparvovirus 1
Ungulate tetraparvovirus 1
Ungulate tetraparvovirus 2
Ungulate tetraparvovirus 3
Ungulate tetraparvovirus 4

Blattodean ambidensovirus 1
Blattodean ambidensovirus 2
Dipteran ambidensovirus 1
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Brevidensovirus

Hepandensovirus
Iteradensovirus

Penstyldensovirus

Hemipteran ambidensovirus 1
Lepidopteran ambidensovirus 1
Orthopteran ambidensovirus 1
Dipteran brevidensovirus 1
Dipteran brevidensovirus 2
Decapod hepandensovirus 1
Lepidopteran iteradensovirus 1
Lepidopteran iteradensovirus 2
Lepidopteran iteradensovirus 3
Lepidopteran iteradensovirus 4
Lepidopteran iteradensovirus 5
Decapod penstyldensovirus 1
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Correspondence between current and proposed species

CURRENT SPECIES
Subfamily Parvovirinae

Aleutian mink disease virus
Bovine parvovirus

Canine minute virus
Adeno-associated virus-1
Adeno-associated virus-2
Adeno-associated virus-3
Adeno-associated virus-4
Adeno-associated virus-5
Avian adeno-associated virus
Bovine adeno-associated virus
Canine adeno-associated virus
Duck parvovirus

Equine adeno-associated virus
Goose parvovirus

Ovine adeno-associated virus
Human parvovirus B19
Pig-tailed macaque parvovirus
Rhesus macaque parvovirus
Simian parvovirus

Chicken parvovirus

Feline panleukopenia virus
H-1 parvovirus

HB parvovirus

Kilham rat virus

Lapine parvovirus

Lulll virus

Minute virus of mice

Mouse parvovirus 1

Porcine parvovirus

RT parvovirus

Tumor virus X

Subfamily Densovirinae

Aedes aegypti densovirus

Aedes albopictus densovirus
Galleria mellonella densovirus
Junonia coenia densovirus
Bombyx mori densovirus
Periplaneta fuliginosa densovirus

PROPOSED SPECIES

Carnivore amdoparvovirus 1

Ungulate bocaparvovirus 1

Carnivore bocaparvovirus 1
Adeno-associated dependoparvovirus A
Adeno-associated dependoparvovirus A
Adeno-associated dependoparvovirus A
Adeno-associated dependoparvovirus A
Adeno-associated dependoparvovirus B
Avian dependoparvovirus 1
Adeno-associated dependoparvovirus B
[Abolished]

Anseriform dependoparvovirus 1
[Abolished]

Anseriform dependoparvovirus 1
[Abolished]

Primate erythroparvovirus 1

Primate erythroparvovirus 4

Primate erythroparvovirus 3

Primate erythroparvovirus 2

Galliform aveparvovirus 1

Carnivore protoparvovirus 1

Rodent protoparvovirus 1

[Abolished]

Rodent protoparvovirus 1

[Abolished]

Rodent protoparvovirus 1

Rodent protoparvovirus 1

Rodent protoparvovirus 1

Ungulate protoparvovirus 1
[Abolished]

Rodent protoparvovirus 1

Dipteran brevidensovirus 1
Dipteran brevidensovirus 1
Lepidopteran ambidensovirus 1
Lepidopteran ambidensovirus 1
Lepidopteran iteradensovirus 1
Blattodean ambidensovirus 1
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MODULE 2: NEW SPECIES

If more than one, they should be a group of related species belonging to the same genus. All new
species must be placed in a higher taxon. This is usually a genus although it is also permissible for
species to be “unassigned” within a subfamily or family.

code | 2013.001aV (assigned by ICTV officers)

To create 2 new species within:
Fill in all that apply.

Genus: | Amdoparvovirus (was Amdovirus) * If the higher taxon has yet to be
Subfamily: | Parvovirinae created (in a later module, below) write
. “(new)” after its proposed name.

Family: | Parvoviridae e If no genus is specified, enter
Order: “unassigned” in the genus box.

And name the new species:
Carnivore amdoparvovirus 1
Carnivore amdoparvovirus 2

Reasons to justify the creation and assignment of the new species:
e Explain how the proposed species differ(s) from all existing species.
o If species demarcation criteria (see Module 3) have previously been defined for the
genus, explain how the new species meet these criteria.
o If criteria for demarcating species need to be defined (because there will now be more
than one species in the genus), please state the proposed criteria.
e Provide accession numbers for genomic sequences
e Further material in support of this proposal may be presented in the Appendix, Module 9
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Proposed species in genus Amdoparvovirus

The current species is in black italics and proposed species are in blue italics. The current species will be
removed from the genus.

Species Virus or strain Accession # Acronym Reference/source
Carnivore amdoparvovirus 1 (type species)
Aleutian mink disease virus (current type species)

Aleutian mink disease virus-G M20036 (AMDV-G)

Carnivore amdoparvovirus 2
Gray fox amdovirus JN202450 (GFAV) 1

The viruses meet the demarcation criteria for species and genus (Module 9, Trees 1 and 2).

New species containing a virus not included in previously recognized taxa:

Carnivore amdoparvovirus 2. Gray fox amdovirus was identified in the tissues of foxes in
Sonoma County, California. Genome characteristics resemble those of the type species, and it
similarly lacks a cognate phospholipase 2 (PLA2) domain, which is commonly used by members
of the family to penetrate bilayers during cell entry (Module 9, Table 1).

Reference:

1. Li L, Pesavento PA, Woods L, Clifford DL, Luff J, Wang C, Delwart E. 2011. Novel
amdovirus in gray foxes. Emerg. Infect. Dis. 17:1876-8.
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MODULE 2: NEW SPECIES

If more than one, they should be a group of related species belonging to the same genus. All new
species must be placed in a higher taxon. This is usually a genus although it is also permissible for
species to be “unassigned” within a subfamily or family.

Code 2013.001bV (assigned by ICTV officers)

To create 1 new species within:
Fill in all that apply.

Genus: | Aveparvovirus (new) e If the higher taxon has yet to be
Subfamily: | Parvovirinae created (in a later module, below) write
: “(new)” after its proposed name.

Family: | Parvoviridae e If no genus is specified, enter
Order: “unassigned” in the genus box.
And name the new species:
Galliform aveparvovirus 1

Reasons to justify the creation and assignment of the new species:
e Explain how the proposed species differ(s) from all existing species.
o If species demarcation criteria (see Module 3) have previously been defined for the
genus, explain how the new species meet these criteria.
o If criteria for demarcating species need to be defined (because there will now be more
than one species in the genus), please state the proposed criteria.
e Provide accession numbers for genomic sequences
e Further material in support of this proposal may be presented in the Appendix, Module 9
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Proposed species in genus Aveparvovirus

The current species is in black italics and the proposed species in blue italics. The current species will be
removed from the genus.

Species Virus or strain Accession # Acronym Reference/source

Galliform aveparvovirus 1 (type species)

Chicken parvovirus
Chicken parvovirus ABU-P1 GU214704 (ChPV) 1
Turkey parvovirus-260 GU214706 (TuPV) 2,3

The species Chicken parvovirus was accepted as a member of genus Parvovirus many years ago,
but the virus turned out to be a circovirus. Later, an authentic chicken parvovirus was identified
(details above) and incorrectly attributed to the vacant Parvovirus species in the 9" Report. The
proposal is to remove the species from the genus Parvovirus and move the cognate virus into the
new species Galliform aveparvovirus 1 in the new genus Aveparvovirus.

The viruses in this species are widespread in turkeys and chickens in the United States and
Europe, and are highly infectious in young poultry but of uncertain pathology. Two strains have
been reported, encoding NS1 proteins that are >99% identical to each other but <30% identical to
those of all other parvoviruses, indicating that they represent a single species in a new genus
(Module 9, Tree 2).

References:

1. Kisary, J. 1985. Experimental infection of chicken embryos and day-old chickens with
parvovirus of chicken origin. Avian Pathol. 14:1-7.

2. Day JM, Zsak L. 2010. Determination and analysis of the full-length chicken parvovirus
genome. Virology 399:59-64.

3. Marusak RA, Guy JS, Abdul-Aziz TA, West MA, Fletcher OJ, Day JM, Zsak L, Barnes HJ.
2010. Parvovirus-associated cerebellar hypoplasia and hydrocephalus in day old broiler chickens.
Avian Dis. 54:156-60.
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MODULE 2: NEW SPECIES

If more than one, they should be a group of related species belonging to the same genus. All new
species must be placed in a higher taxon. This is usually a genus although it is also permissible for
species to be “unassigned” within a subfamily or family.

code | 2013.001cV (assigned by ICTV officers)

To create 12 new species within:

Fill in all that apply.
Genus: | Bocaparvovirus (was Bocavirus) e If the higher taxon has yet to be
Subfamily: | Parvovirinae created (in a later module, below) write
T — “(new)” after its proposed name.
Family: | Parvoviridae ¢ If no genus is specified, enter
Order: “unassigned” in the genus box.

And name the new species:
Carnivore bocaparvovirus 1
Carnivore bocaparvovirus 2
Carnivore bocaparvovirus 3
Pinniped bocaparvovirus 1
Pinniped bocaparvovirus 2
Primate bocaparvovirus 1
Primate bocaparvovirus 2
Ungulate bocaparvovirus 1
Ungulate bocaparvovirus 2
Ungulate bocaparvovirus 3
Ungulate bocaparvovirus 4
Ungulate bocaparvovirus 5

Reasons to justify the creation and assignment of the new species:
e Explain how the proposed species differ(s) from all existing species.
o If species demarcation criteria (see Module 3) have previously been defined for the
genus, explain how the new species meet these criteria.
o If criteria for demarcating species need to be defined (because there will now be more
than one species in the genus), please state the proposed criteria.
e Provide accession numbers for genomic sequences
e Further material in support of this proposal may be presented in the Appendix, Module 9
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Proposed species in genus Bocaparvovirus

Current species are in black italics and proposed species in blue italics. All current species will be removed

from the genus.
Species Virus or strain

Carnivore bocaparvovirus 1
Canine minute virus
Canine minute virus

Carnivore bocaparvovirus 2
Canine bocavirus 1

Carnivore bocaparvovirus 3
Feline bocavirus

Pinniped bocaparvovirus 1
California sea lion bocavirus 1
California sea lion bocavirus 2

Pinniped bocaparvovirus 2
California sea lion bocavirus 3

Primate bocaparvovirus 1
Human bocavirus 1
Human bocavirus 3
Gorilla bocavirus

Primate bocaparvovirus 2
Human bocavirus 2a TU
Human bocavirus 2b NI
Human bocavirus 2¢ PK
Human bocavirus 4 NI

Ungulate bocaparvovirus 1 (type species)

Bovine parvovirus (current type species)
Bovine parvovirus

Ungulate bocaparvovirus 2
Porcine bocavirus 1
Porcine bocavirus 2
Porcine bocavirus A6

Ungulate bocaparvovirus 3
Porcine bocavirus SX

Ungulate bocaparvovirus 4
Porcine bocavirus H18

Ungulate bocaparvovirus 5
Porcine bocavirus 3
Porcine bocavirus 4-1
Porcine bocavirus 4-2

Accession #

FJ214110

JN648103

JQ692585

JN420361
JN420366

JN420365

DQ000496
EU918736
HM145750

FJ973558
FJ973560
FJ170278
FJ973561

DQ335247

HMO053693
HMO053694
HQ291309

HQ223038

HQ291308

JF429834
JF429835
JF429836

(CnMV)

(CBoV)

(FBoV)

(CslBoV1)
(CslBoV2)

(CslBoV3)

(HBoV1)
(HBoV3)
(GBoV)

(HBoV2a-TU)
(HBoV2b-NI)
(HBoV2c-PK)
(HBoV4-NI)

(BPV)

(PBoV1)
(PBoV2)
(PBOV-A6)

(PBoV-SX)

(PBoV-H18)

(PBoV3)
(PBoV4-1)
(PBoV4-2)

w

Acronym Reference/source

4,5,8,9,12,13

6

10,

ENIEN NN

14
14
15

16

17
17
17

11
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The viruses meet the demarcation criteria for species and genus (Module 9, Trees 1 and 2).
Species with like names are numbered according to the date of their cited GenBank submission.

All of the newly proposed bocaparvoviruses have been identified predominantly in fecal and/or
respiratory samples from both healthy and diseased animals, although they have also more rarely
been found in serum and tissues. Epidemiological analysis suggests that they are typically
widespread in their respective host populations. Among other characteristics (Module 9, Table 1),
they all encode a unique type of ancillary protein, NP1, which is not found in viruses from any
other genus.

New species containing viruses not previously included in recognized taxa:

Primate bocaparvovirus 1 and Primate bocaparvovirus 2. Human bocavirus 1 (HBoV1) was first
identified using virus discovery approaches in respiratory swabs from children with lower
respiratory tract infections (ref. 4). Although most commonly detected in human secretions and
excretions, it can also be found less frequently in serum, cerebrospinal fluid and tonsillar tissues
(ref, 5). Serology indicates that the virus is experienced by >90% of the human population, often
early in life, and is present in most regions of the world. By 2010, three additional genotypes,
HBoV?2 to 4, had been identified in human stool samples from children with gastrointestinal
illness (refs. 6 and 7). These genotypes may also be distributed globally, but their
seroepidemiology has been complicated by cross-reactions (ref. 8). Although most commonly
detected in association with various other viruses, overall there is significant evidence linking
HBoV1 with respiratory tract infections, some data linking HBoV2 with gastroenteritis, and little
evidence that the less abundant HBoV3 and 4 forms are pathogenic (ref. 9). A closely related
gorilla virus was similarly first detected in stool samples from 3 groups of western gorillas (ref.
10), and seroepidemiological studies show that it is commonly experienced by wild-caught
chimpanzees (73%) and gorillas (36%) in the Cameroons (ref. 11).

Although human bocaviruses have long resisted all attempts to amplify them in culture, advances
in determining the sequences of HBoV1 terminal hairpins allowed development of an infectious
plasmid clone, which was used to identify transfectable cell lines that are capable of generating a
single burst of virus in culture (ref. 12, GenBank JQ923422). HBoV1 particles generated in such
cells were then used to infect polarized primary airway epithelial cultures and shown to allow
viral gene expression and replication, while also recapitulating diagnostic aspects of the human
infection (ref. 13), thus opening the way for detailed laboratory study of these viruses.

Ungulate bocaparvovirus 1 through Ungulate bocaparvovirus 5. Multiple porcine viruses that
segregate into 5 distinct species have been reported, all of which are distributed widely in
geographically separated host populations (refs. 14-17). Predominantly detected in stool samples,
they have also been detected more rarely in serum and lymph nodes. A sixth potential species
(Module 9, Tree 2), represented by porcine bocavirus-5 JS, lacks reported epidemiological data,
and is not yet proposed for classification (ref. 18).

Pinniped bocaparvovirus 1 and Pinniped bocaparvovirus 2. Viruses in these species were
identified in fecal samples from three separate groups of Californian sea lions (ref. 3), infecting
38% of the individual animals and proving extremely abundant in ~15%. Although designated
pinniped for clarity, rather than carnivore, viruses in these species cluster strongly with feline and
canine bocaviruses (Module 9, Tree 2).

Carnivore bocaparvovirus 2 and Carnivore bocaparvovirus 3. Canine bocavirus genomes have
been identified predominantly in respiratory samples (ref. 1), infecting 23% of the individual
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animals tested in one study but varying from <2% to 59% depending on the animal sub-
population in question. Feline bocavirus, by contrast, was found commonly in fecal samples
(7.2%), occasionally in kidney (2%) and blood (0.8%), and more rarely in nasal aspirates (ref. 2).
Remarkably, NS expression strategies exhibited by these viruses require splicing to generate full
length forms of NS1, thus more closely resembling the human viruses identified by virus
discovery approaches than the founding viruses in this genus, bovine parvovirus and canine
minute virus, which have been propagated extensively in culture.

References:

1. Kapoor A, Mehta N, Dubovi EJ, Simmonds P, Govindasamy L, Medina JL, Street C, Shields S,
Lipkin WI. 2012. Characterization of novel canine bocaviruses and their association with
respiratory disease. J. Gen. Virol. 93:341-6

2. Lau SK, Woo PC, Yeung HC, Teng JL, Wu Y, Bai R, Fan RY, Chan KH, Yuen KY. (2012).
Identification and characterization of bocaviruses in cats and dogs reveals a novel feline bocavirus
and a novel genetic group of canine bocavirus J. Gen. Virol. 93:1573-82.

3. Li L, Shan T, Wang C, Cote C, Kolman J, Onions D, Gulland FM, Delwart E. 2011. The fecal
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4. Allander T, Tammi MT, Eriksson M, Bjerkner A, Tiveljung-Lindell A, Andersson B. 2005.
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MODULE 2: NEW SPECIES

If more than one, they should be a group of related species belonging to the same genus. All new
species must be placed in a higher taxon. This is usually a genus although it is also permissible for
species to be “unassigned” within a subfamily or family.

Code 2013.001dV (assigned by ICTV officers)

To create 2 new species within:
Fill in all that apply.

Genus: | Copiparvovirus (new) « If the higher taxon has yet to be
Subfamily: | Parvovirinae created (in a later module, below) write
- “(new)” after its proposed name.

Family: | Parvoviridae e If no genus is specified, enter
Order: “unassigned” in the genus box.
And name the new species:
Ungulate copiparvovirus 1
Ungulate copiparvovirus 2

Reasons to justify the creation and assignment of the new species:
e Explain how the proposed species differ(s) from all existing species.
o If species demarcation criteria (see Module 3) have previously been defined for the
genus, explain how the new species meet these criteria.
o If criteria for demarcating species need to be defined (because there will now be more
than one species in the genus), please state the proposed criteria.
e Provide accession numbers for genomic sequences
e Further material in support of this proposal may be presented in the Ap