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Abstract
Parvoviridae, a diverse family of small single-stranded DNA viruses was established in 1975. It was divided into two 
subfamilies, Parvovirinae and Densovirinae, in 1993 to accommodate parvoviruses that infect vertebrate and invertebrate 
animals, respectively. This relatively straightforward segregation, using host association as the prime criterion for subfamily-
level classification, has recently been challenged by the discovery of divergent, vertebrate-infecting parvoviruses, dubbed 
“chapparvoviruses”, which have proven to be more closely related to viruses in certain Densovirinae genera than to mem-
bers of the Parvovirinae. Viruses belonging to these genera, namely Brevi-, Hepan- and Penstyldensovirus, are responsible 
for the unmatched heterogeneity of the subfamily Densovirinae when compared to the Parvovirinae in matters of genome 
organization, protein sequence homology, and phylogeny. Another genus of Densovirinae, Ambidensovirus, has challenged 
traditional parvovirus classification, as it includes all newly discovered densoviruses with an ambisense genome organiza-
tion, which introduces genus-level paraphyly. Lastly, current taxon definition and virus inclusion criteria have significantly 
limited the classification of certain long-discovered parvoviruses and impedes the classification of some potential family 
members discovered using high-throughput sequencing methods. Here, we present a new and updated system for parvovirus 
classification, which includes the introduction of a third subfamily, Hamaparvovirinae, resolves the paraphyly within genus 
Ambidensovirus, and introduces new genera and species into the subfamily Parvovirinae. These proposals were accepted 
by the ICTV in 2020 March.

Current challenges in parvovirus taxonomy

The Parvoviridae are a large and remarkably diverse fam-
ily of viruses that have small, icosahedral, non-enveloped 
virions and single-stranded DNA (ssDNA) genomes. The 
parvoviral genome is linear, 3.9–6.3 kb in size, and the cod-
ing region is bracketed by terminal repeats that can fold into 
hairpin-like structures, which are either different (heterotelo-
meric) or identical (homotelomeric) [9]. The coding region 
of the genome contains two major expression cassettes, with 
open reading frames (ORFs) on the left-hand side giving 
rise to non-structural (NS) proteins, whereas mRNA popula-
tions responsible for translating structural proteins (VPs) are 
transcribed from the right-hand cassette. The largest of the 
NS proteins, traditionally designated NS1, is a multi-domain 
protein that contains a highly conserved helicase superfam-
ily 3 (SF3) domain with helicase and ATPase activity, as 
well as further domains with endonuclease and sequence-
specific DNA-binding activity, all of which are essential for 
viral replication [7, 23].
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Parvoviruses have been found in almost all major ver-
tebrate clades and in both proto- and deuterostome inver-
tebrates. The family Parvoviridae was established in 1975 
and divided into two subfamilies in 1993 to classify viruses 
that infect either vertebrate (Parvovirinae) or invertebrate 
(Densovirinae) hosts [9]. Initially, this host-based classifica-
tion criterion was supported by phylogeny; indeed, parvovi-
ruses of vertebrates and arthropods both had rather narrow 
host spectra, and it seemed unlikely that lineages spanning 
this robust, long-standing schism would ever be discovered.

The discovery of viruses currently classified in the genera 
Brevidensovirus, Penstyldensovirus and Hepandensovirus 
revealed sequence diversity among members of the Denso-
virinae that was inconsistent with the rather well-conserved 
nature of the other subfamily members [8]. Members of the 
Parvovirinae share NS1 as well as VP protein-coding genes of 
a clearly homologous nature, as indicated by their detectable 
sequence similarity, which allows the sequences of both pro-
teins to be aligned confidently throughout their entire length. 
However, the highly variable N- and C-terminal regions of the 
NS1 as well as the sequences comprising the variable loops of 
the VP are exceptions. This is not the case with the Densoviri-
nae, as its members are linked together only by the aforemen-
tioned short (approx. 200-aa-long) SF3 helicase domain. The 
helicase domain, however, is highly conserved throughout the 
entire family, suggesting that certain members of the subfamily 
Densovirinae, such as hepandensoviruses, are as closely related 
to certain densoviruses as they are to members of the subfamily 
Parvovirinae.

Since 2012, novel genomes from a divergent lineage des-
ignated “Chapparvovirus”, have been detected in kidney and 
liver tissue and in various fluids (such as blood) and excre-
tions (such as feces) of vertebrates [11, 17, 24, 29, 30, 35, 
43]. Recent phylogenetic analysis of the helicase domain, 
however, has revealed a close relationship between this 
lineage and some current densoviruses, while endogenous 
chapparvoviral sequences have been identified in several 
arthropod genomes [21, 25] (Fig. 1).

Lastly, in 2014, the transcription-strategy-based approach 
for classifying ambisense densoviruses was revised, merging 
two established genera, Densovirus and Pefudensovirus, with 
the hypothetical genus “Cupidensovirus” to create the current 
genus Ambidensovirus [8]. Even at the time, this genus did not 
conform to the genus demarcation criteria, but the ambisense 
genome organization proved to be a strong enough argument to 
support the creation of the genus Ambidensovirus. Since then, 
however, multiple ambisense densoviruses have been described, 
eventually rendering Ambidensovirus paraphyletic.

These anomalies have prompted us to revisit the classifi-
cation criteria for parvoviruses, and here we present the revi-
sion of the current Parvoviridae taxonomy. We submitted a 
taxonomic proposal [2019; proposal code 2019.010D.A.v2.] 
that has been approved by the Executive Committee of the 

International Committee on Taxonomy of Viruses (ICTV) and 
has been ratified by the ICTV membership. Here, we seek to 
introduce the revision, which aims to (i) provide a suitable clas-
sification for the large number of characterized parvoviruses 
that are currently described under an unofficial umbrella term 
“Chapparvovirus”, (ii) establish a new subfamily to resolve the 
issue of polyphyly among the current Densovirinae members 
and abandon the host-association-based classification, (iii) 
resolve the paraphyly of the current genus Ambidensovirus 
by creation of new, phylogeny-supported genera, (iv) update 
the criteria for the classification of viruses within the family 
Parvoviridae to accommodate previously discovered but hith-
erto unclassified parvoviruses, (v) introduce two new genera 
into the subfamily Parvovirinae to accommodate two hitherto 
unclassified parvoviruses; and (vi) classify several currently 
unclassified viruses within established genera of the subfam-
ily Parvovirinae. All changes contained in this proposal are 
summarized in Table 1. A phylogenetic tree, summarizing evo-
lutionary relationships at the genus level for the revised tax-
onomy, is shown in Figure 1. As a result of another proposal, 
introducing a megataxonomic framework [2019; proposal code 
2019.005G.N.v5.], the family Parvoviridae has been classified 
in the realm Monodnaviria, kingdom Shotokuvirae, phylum 
Cossaviricota, class Quintoviricetes, order Piccovirales, based 
on its realtions to other DNA virus taxa.

Updated parvovirus definition and taxon 
demarcation criteria

In order for a virus to be classified as a member of the family 
Parvoviridae, it must be identified to be an authentic par-
vovirus on the basis of having been isolated and sequenced 
or, failing this, on the basis of having been sequenced from 
tissue samples, secretions, or excretions of its likely host and 
reported in a credible peer-reviewed publication. Insights on 
its biology, such as genome organisation, transcription strat-
egy, epidemiology, serology, structure, trafficking, replication 
and evolution are strongly encouraged. The sequence must 
be contiguous and contain the complete coding region of the 
large nonstructural protein (NS1), which must possess an SF3 
helicase domain in its protein sequence, as well as the capsid 
protein (VP) coding regions. Furthermore, it must meet the 
size constraints (approx. 4–6 kb) and motif patterns typical of 
the family. Upon receiving a proposal, the Parvoviridae Study 
Group is tasked to individually verify the integrity of the sug-
gested virus sequence and approve the proposed classification.

Parvoviruses can be considered members of the same spe-
cies if their NS1 proteins share more than 85% amino acid 
sequence identity, and they can be classified in the same genus 
if their protein sequences cluster as a robust monophyletic line-
age based on their complete NS1 protein sequence at the sub-
family level and on their SF3 helicase domains at the family 
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level. Additionally, NS1 proteins of members of the same genus 
should share at least 35-40% amino acid sequence identity with 
a coverage of  >80% between any two members. Failing the 
sequence-identity-based criteria, common genus affiliation 
can also be justified based on a similar genome organization, 
i.e., presence or absence of certain auxiliary-protein-encoding 
genes, genome length, and/or transcription strategy.

Splitting the subfamily Densovirinae 
and introducing the subfamily 
Hamaparvovirinae

To date, the subfamily Densovirinae has served as a hold-
ing taxon for all invertebrate-infecting parvoviruses. The 
subfamily is very heterogenous, and according to phylo-
genetic inference, some novel vertebrate-infecting par-
voviruses have been found to cluster with these viruses 
(Fig. 2). Our aim was to split the subfamily Densovirinae 
into two less-heterogenous subfamilies, both with better 
phylogenetic and biological support. To this end, we intro-
duced the changes detailed below.

Current genera Ambidensovirus 
and Iteradensovirus to be assigned 
to the subfamily Densovirinae

Although the ambidensoviruses are distinguished by their 
ambisense genome organization, as opposed to the exclu-
sively unisense genome organization of members of the 
genus Iteradensovirus, the two genera cluster together as 
a well-supported monophyletic clade in both NS1-based 
and helicase domain-based amino acid phylogenies (Fig. 1 
and 2). Furthermore, the NS1 proteins of any iteradensovi-
ruses or ambidensoviruses share at least 32% amino acid 
sequence identity, and their VP proteins, although sharing 
limited sequence similarity, appear to be derived from a 
common ancestral VP protein gene. This is not true for 
members of the three remaining genera in the current sub-
family Densovirinae, which share no detectable protein 
sequence similarity to the ambidensovirus or iteradenso-
virus NS1s or VPs, except for the aforementioned helicase 
domain. Lastly, both ambidensovirus and iteradensovi-
ruses have a conserved phospholipase A2 (PLA2) domain 
in the N-terminus of their minor capsid protein VP1, as is 
found in most members of the Parvovirinae, but not in the 

Fig. 1   Bayesian inference of 
the tripartite helicase domain 
(167 aa), the only protein motif 
conserved throughout the 
family Parvoviridae, showing 
phylogenetic relationships at 
the genus level. Newly estab-
lished taxa are indicated by an 
asterisk, while existing genera 
that have been re-classified 
are indicated by black dots. 
Background colors indicate the 
branches comprising the three 
subfamilies. The alignment was 
constructed as a consensus of 
results obtained using T-Coffee 
Expresso and T-Coffee PSI-Cof-
fee. This calculation was carried 
out using BEAST v. 1.10.4, 
using the substitution model 
LG+I+G+F with a lognormal 
relaxed clock, based on a prior 
of Yule process, throughout 
50 million generations. Tree 
diagnostics were carried out 
using Tracer v. 1.7.1. The size 
of node shapes is relative to the 
posterior probability value. The 
size of the triangles represents 
the distance from the most 
basal node to the branch peaks 
for each genus, which includes 
multiple species. Posterior 
probability values are shown at 
the nodes



2136	 J. J. Pénzes et al.

1 3

Table 1   Changes in the taxonomy of the family Parvoviridae proposed in 2019

Current taxonomy Revised, new taxonomy

Subfamily Genus No. of species Subfamilya Genusa No. 
of 
spe-
cies

Type species Exemplar virus

Parvovirinae Amdoparvovirus 4 Parvovirinae Amdoparvovirus 5 Carnivore amdo-
parvovirus 1

Aleutian mink dis-
ease virus

- Artiparvovirus 1 Chiropteran arti-
parvovirus 1

Artibeus jamaicensis 
parvovirus

Aveparvovirus 1 Aveparvovirus 2 Galliform avepar-
vovirus 1

chicken parvovirus

Bocaparvovirus 21 Bocaparvovirus 25 Ungulate bocapar-
vovirus 1

bovine parvovirus 1

Copiparvovirus 2 Copiparvovirus 7 Ungulate copipar-
vovirus 1

bovine parvovirus 2

Dependoparvo-
virus

6 Dependoparvo-
virus

8 Adeno-associated 
dependoparvovi-
rus A

adeno-associated 
virus 2

Erythroparvovirus 6 Erythroparvovirus 7 Primate erythro-
parvovirus 1

human parvovirus 
B19

- Loriparvovirus 1 Primate loriparvo-
virus 1

slow loris parvovirus

Protoparvovirus 11 Protoparvovirus 13 Carnivore pro-
toparvovirus 1

canine parvovirus

Tetraparvovirus 6 Tetraparvovirus 6 Primate tetrapar-
vovirus 1

human parvovirus 4

Densovirinae Ambidensovirus 10 Densovirinae Aquambidenso-
virus

2 Decapod aquam-
bidensovirus 1

Cherax quadricari-
natus densovirus

Blattambidenso-
virus

1 Blattodean blat-
tambidensovi-
rus 1

Blattella germanica 
densovirus 1

Hemiambidenso-
virus

2 Hemipteran 
hemiambidenso-
virus 1

Dysaphis plantag-
inea densovirus 1

Miniambidenso-
virus

1 Orthopteran 
miniambidenso-
virus 1

Acheta domestica 
mini ambidenso-
virus

Pefuambidenso-
virus

1 Blattodean 
pefuambidenso-
virus 1

Periplaneta fuligi-
nosa densovirus

Protoambidenso-
virus

2 Lepidopteran 
protoambidenso-
virus 1

Galleria mellonella 
densovirus

Scindoambidenso-
virus

3 Othopteran scin-
doambidensovi-
rus 1

Acheta domestica 
densovirus

Iteradensovirus 5 Iteradensovirus 5 Lepidopteran 
iteradensovirus 1

Bombyx mori denso-
virus 1

Brevidensovirus 2 Hamaparvoviri-
nae

Brevihamaparvovirus 2 Dipteran brevi-
hamaparvovi-
rus 1

Anopheles gambiae 
densovirus
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brevidensoviruses, hepandensoviruses, or penstyldensovi-
ruses [9, 21]. Therefore, we assigned the genera Ambidens-
ovirus and Iteradensovirus to a separate subfamily. Since 
Galleria mellonella densovirus, which currently belongs 
to the species Lepidopteran ambidensovirus 1 in the genus 
Ambidensovirus, was the very first identified member of 
the Densovirinae [20], we propose to keep the Densoviri-
nae designation for this redefined subfamily. The genus 
Iteradensovirus would keep its current name and affilia-
tion, while the genus-level changes concerning the genus 
Ambidensovirus are detailed below.

Splitting the genus Ambidensovirus 
to resolve paraphyly

After investigating the phylogenetic relationships of viral 
proteins in the revised subfamily Densovirinae by both 
Bayesian and maximum-likelihood (ML) methods, we 
established that there are seven well-supported lineages 
with an ambisense genome organization (plus iteradenso-
viruses) that represents basis for the newly proposed clas-
sification scheme (Fig. 2). Interestingly, members of some 
of these newly established genera share more NS1 amino 
acid identity with members of genus Iteradensovirus than 
they do with viruses of other ambisense genera. Of the 
seven proposed genera, six are composed of members 
of the current genus Ambidensovirus, whereas one new 
genus will accommodate currently unclassified ambisense 
densoviruses. To indicate the ambisense nature of these 
viruses, we will keep the “ambi” prefix even in the newly 
introduced genus names.

Genus Miniambidensovirus

Only one species, Orthopteran miniambidensovirus 1, the type 
species of the genus, have been assigned to this genus. This 
species contains a single reported virus, Acheta domestica mini 
ambidensovirus (AdMDV), which has the smallest genome in 
the subfamily thus far, at 4.9 kb, as mirrored in its name. This 
virus infects common house crickets (Acheta domestica) with 
high mortality rates following infection. AdMDV has a unique, 
split NS1-encoding ORF, suggesting that splicing may be a 
prominent feature of its yet unresolved transcription strategy 
[26]. The NS1 of AdMDV shares less than 27% amino acid 
sequence identity with the NS1 of any other parvovirus.

Genus Aquambidensovirus

Two species have been assigned to this genus, Decapod 
aquambidensovirus 1 and Asteroid aquambidensovirus 1. 
The members of both of these species are known to infect 
only aquatic hosts, which the genus name reflects. Mem-
bers of the proposed genus share about 70% NS1 amino 
acid sequence identity with each other and ~30% with other 
members of the proposed subfamily Densovirinae. Decapod 
aquambidensovirus 1 is the type species of the genus, with 
only one virus, Cherax quadricarinatus densovirus (CqDV), 
which was identified in an Australian freshwater crayfish 
(Cherax quadricarinatus). CqDV has one of the largest 
genomes in the family (6.3 kb) [3].

The species Asteroid aquambidensovirus 1 comprises 
three viruses identified in members of the deuterostome 
invertebrate phylum Echinodermata. All of these are highly 
pathogenic, but sea star-associated densovirus is the only 
one classified to date [13].

Table 1   (continued)

Current taxonomy Revised, new taxonomy

Subfamily Genus No. of species Subfamilya Genusa No. 
of 
spe-
cies

Type species Exemplar virus

Hepandensovirus 1 Hepanhamaparvovirus 1 Decapod hepan-
hamaparvovi-
rus 1

Fenneropenaeus 
chinensis hepato-
pancreatic densovi-
rus

Penstyldensovirus 1 Penstylhamaparvo-
virus

1 Decapod penstyl-
hamaparvovi-
rus 1

Penaeus stylirostris 
penstyldensovirus

- - Chaphamaparvovirus 8 Rodent chaphama-
parvovirus 1

mouse kidney par-
vovirus

- - Ichthamaparvovirus 1 Syngnathid 
ichthamaparvo-
virus 1

Syngnathus scovelli 
chapparvovirus

a Newly introduced subfamily, genera and species, as well as the number of species if changed or re-classified, are indicated in bold
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Genus Scindoambidensovirus

Three species have been assigned to this new genus, Orthop-
teran scindoambidensovirus 1, Hymenopteran scindoam-
bidensovirus 1, and Hemipteran scindoambidensovirus 1, 
with viruses sharing 40-43% NS1 amino acid sequence 
identity with each other and <30% with other densoviruses. 
Members of this genus are also characterized by a split VP-
encoding ORF, which gives rise to the VP1 minor capsid 
protein via a spliced transcript as well as another minor cap-
sid protein (VP2) possessing a unique N-terminal region, 
which has not been observed in any other parvoviruses to 
date [37]. The name “Scindo”, from “split” or “cut” in Latin, 
refers to this split VP gene. The type species is Orthopteran 
scindoambidensovirus 1, and includes another virus, Acheta 
domestica densovirus (AdDV). AdDV is known for causing 
widespread mortality in common house crickets reared on 
large farms in Europe and North America [19]. The species 
Hymenopteran scindoambidensovirus 1 includes Solenop-
sis invicta densovirus, a pathogen of red imported fire ants 
(Solenopsis invicta) [38]. The third species, Hemipteran 
scindoambidensovirus 1, accommodates Planococcus citri 
densovirus, a pathogen of citrus mealybugs [36].

Genus Protoambidensovirus

Two species have been  assigned to this genus, Lepi-
dopteran protoambidensovirus 1  and Dipteran 

protoambidensovirus 1. Since Galleria mellonella denso-
virus was the first member of the entire subfamily to be 
discovered, the genus is designated “Proto” after “first” 
in Latin. Members of the proposed genus share approxi-
mately 50% NS1 amino acid sequence identity with 
each other and <35% with other densoviruses. Galleria 
mellonella densovirus and four other densoviruses that 
infect members of the order Lepidoptera are classified 
in the species Lepidopteran protoambidensovirus 1, the 
type species of the genus. The structural and trafficking 
properties of Galleria mellonella densovirus and Junonia 
coenia densovirus are relatively well characterized, which 
is rare among the invertebrate parvoviruses [22, 33]. The 
species Dipteran protoambidensovirus 1 includes Culex 
pipiens densovirus, which infects mosquitoes of the spe-
cies Culex pipiens pallens. This virus is known for its 
complicated NS splicing pattern, which is an unusual 
characteristic of members of this subfamily [2].

Genus Hemiambidensovirus

This genus includes two species, Hemipteran hemiam-
bidensovirus 1 and Hemipteran hemiambidensovirus 2, 
both including viruses that are pathogens of hemipteran 
hosts, namely aphids. The NS1 amino acid sequence iden-
tity within the genus is 62%, whereas it is only 35% with 
members of other genera. Although members of both spe-
cies display a split VP ORF, the transcription strategy of 

Fig. 2   Phylogeny of the complete NS1 protein sequence (486 aa) of 
viruses belonging to the revised subfamily Densovirinae. The Bayes-
ian inference and maximum-likelihood phylogenetic reconstructions 
were congruent and are represented as one phylogeny rooted with the 
NS1 protein sequences of two vertebrate-infecting viruses. Newly-
introduced taxa are shown in red. Branches presented in the same 
color and indicated by various symbols representing the demarca-
tions of the newly established genera in the subfamily Densovirinae 

that replace the former genus Ambidensovirus. The alignment was 
made as detailed in Fig. 1. These calculations were carried out using 
BEAST v. 1.10.4. as described in Fig. 1 for Bayesian inference and 
PhyML v3.3 for maximum-likelihood phylogenetic reconstruction, 
using the substitution model LG+I+G+F. Posterior probability sup-
port values and bootstrap values for 100 iterations are shown at the 
nodes. The names of viruses and taxa established for the first time are 
underlined
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these viruses is currently unknown. Both their phyloge-
netic relationship and the lack of significant sequence 
similarity suggest that this VP expression strategy prob-
ably evolved independently from that of viruses in the 
genus Scindoambidensovirus. Assigned species include 
Hemipteran hemiambidensovirus 1, the type species, with 
one virus, Dysaphis plantaginea densovirus, which infects 
rosy aphids (Dysaphis plantaginea). This virus is capable 
of stimulating the aphids to transform into the migratory, 
winged morph of the species [31]. The other species in 
this genus, Hemipteran hemiambidensovirus 2, includes 
Myzus persicae densovirus, which infects green peach 
aphids (Myzus persicae) [39].

Genus Pefuambidensovirus

This new genus comprises only one species, Blattodean 
pefuambidensovirus 1, and one virus, Periplaneta fuligi-
nosa densovirus, which infects smoky brown cockroaches 
(Periplaneta fuliginosa). The NS1 amino acid sequence of 
this virus has a maximum of 35% identity to that of other 
members of this subfamily; hence, it can be classified as 
a member of a monotypic genus on its own. Although 
its genome also displays a split VP coding gene, there 
are two spliced transcripts derived from these, encoding 
both the VP1 and VP2 minor structural proteins [12]. 
The sequence divergence, phylogenetic relationship, and 
unique splicing pattern of the structural ORFs suggest 
that Periplaneta fuliginosa densovirus is the first member 
of a third lineage of ambisense densoviruses possessing 
a split VP gene.

Genus Blattambidensovirus

This is another monotypic genus, as its only member is 
Blattella germanica densovirus 1, species Blattodean blat-
tambidensovirus 1, which infects German cockroaches 
(Blattella germanica). It shares less than 33% NS1 amino 
acid sequence identity with any officially classified denso-
viruses. Its transcription strategy suggests, however, that 
the genus Blattambidensovirus represent the fourth lineage 
whose members construct their minor capsid proteins by 
splicing two VP genes together [15]. Recently, a densovi-
rus-like virus was obtained from the lung tissue of a great 
tit (Parus major) and proven to be infectious in vertebrate 
cell lines [46]. Although its host association has yet to 
be clarified, the NS1 of this virus shares 56% amino acid 
sequence identity with that of Blattella germanica denso-
virus, suggesting it is a candidate member of a possible 
second species in this genus.

The newly established subfamily 
Hamaparvovirinae comprises 
the current genera Hepandensovirus, 
Penstyldensovirus, and Brevidensovirus, 
together with the formerly unclassified 
“chapparvoviruses”

Although this subfamily is less well-supported, its mem-
bers still cluster as a supported monophyletic lineage 
based on the helicase phylogeny. The 340 aa of their NS1 
proteins can be aligned with an average of 30% amino acid 
sequence identity. In contrast, they only share the heli-
case domain with other parvoviruses, showing less than 
20% amino acid sequence identity, which is limited to the 
three highly-conserved Walker domains, which are protein 
motifs with highly conserved three-dimensional structures 
[14]. Moreover, all members of this proposed subfamily 
lack the conserved PLA2 domain [47] in their VP proteins.

The name of this new subfamily is “Hamaparvovirinae” 
to reflect their nature of members infecting both vertebrate 
and invertebrate hosts, after the ancient Greek word meaning 
“together”. The following genera, previously members of the 
subfamily Densovirinae, have been reclassified into the new 
subfamily Hamaparvovirinae (and renamed accordingly):

Genus Hepanhamaparvovirus

This genus has one species, Decapod hepanhamaparvovirus 
1, which is also the type species of its former genus named 
Hepandensovirus (Fig. 3).

Genus Penstylhamaparvovirus

This genus has one species, Decapod penstylhamaparvo-
virus 1, which is also the type species of its former genus, 
named Penstyldensovirus (Fig. 3).

Genus Brevihamaparvovirus

Formerly known as the genus Brevidensovirus, this taxon 
has two species, Dipteran brevihamaparvovirus 1 and 2, 
with Dipteran brevihamaparvovirus 1 as the type species.

Previously unclassified parvoviruses that have commonly 
been referred to as “chapparvoviruses” are assigned to two 
new genera in the subfamily Hamaparvovirinae. In contrast 
to the other three genera, NS1 proteins of “chapparvovi-
ruses” share a significant similarity (30-37% identity) over 
a longer stretch of sequence (approx. 500 aa). Their VP pro-
teins also share detectable similarity, suggesting their origin 
from a single ancestral capsid protein [25]. Genome organi-
zation, phylogeny and identity scores, however, separate 
“chapparvoviruses” into two distinct groups corresponding 
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to two newly established genera: Ichthamaparvovirus and 
Chaphamaparvovirus (Fig. 3).

Genus Ichthamaparvovirus

This genus has one species, Syngnathid ichthamaparvo-
virus 1, which is also the type species. The only virus in 
this species is Syngnathus scovelli chapparvovirus, which 
was identified in homogenized gill, muscle and male brood 
pouch tissue of a gulf pipefish (Syngnathus scovelli). This 
virus shares approx. 30% NS1 amino acid sequence identity 
with other chapparvoviruses. In another syngnathid fish, 
the tiger seahorse (Hippocampus comes), a closely related 
endogenous viral element (EVE) has been detected with 
70% NS1 amino acid sequence identity that also spans the 
nucleoprotein (np) gene [25]. Syngnathus scovelli chappar-
vovirus has partially sequenced hairpins, suggesting that the 
genus is heterotelomeric.

Genus Chaphamaparvovirus

This genus has eight new species, and its members share 
>37% NS1 amino acid sequence identity. Future detection 
and characterization of new viruses related to current mem-
bers of this proposed taxon may eventually result in splitting 
the genus into more genera. Currently, however, their clus-
tering as a single genus is the only common node character-
ized by significant topology support by both Bayesian and 
ML-based inferences (Fig. 3).

The type species of this genus will be Rodent chaphama-
parvovirus 1, which includes two viruses (mouse kidney 
parvovirus and murine chapparvovirus), that share 98.5% 
NS1 amino acid sequence identity. Mouse kidney parvo-
virus is the best-characterized chapparvovirus to date. It 
contains putative telomeres, and its transcription strategy 
has been elucidated. Mouse kidney parvovirus has been 
suggested to be associated with chronic kidney infection 
in immunosuppressed laboratory mice [30]. The published 
information suggests that mouse kidney parvovirus could be 
heterotelomeric. Murine chapparvovirus has been shown to 
be prevalent in both feces and liver tissue of mice in New 
York City [43].

Another rodent-infecting virus, rat parvovirus 2, is the 
only known member of the species Rodent chaphamapar-
vovirus 2. This virus has been found to be prevalent in the 
feces of wild rats in China [45].

Porcine parvovirus 7, the sole member of the species 
Ungulate chaphamaparvovirus 1, appears to contain an 
additional ORF, which probably codes for a non-structural 
protein analogous to those of other amniote vertebrate-
infecting “chapparvoviruses” [25]. This virus shares approx. 
37% NS1 amino acid sequence identity with chaphamapar-
voviruses and has been abundantly detected in feces and 

rectal swabs from diarrheic piglets and young pigs on 41 
different occasions. There has been one coding-complete 
sequence published to date [24].

The species Chiropteran chaphamaparvovirus 1 includes 
one virus, Desmodus rotondus chapparvovirus, which was 
identified in the kidney tissue of a common vampire bat 
(Desmodus rotondus) [35].

The species Carnivore chaphamaparvovirus 1 includes 
two viruses, both of which were derived from dogs with 
diarrhea, namely cachavirus 1A and cachavirus 1B [11].

The species Galliform chaphamaparvovirus 1 includes a 
single virus, turkey parvovirus 2, which was detected in the 
feces of domestic turkeys with high prevalence [29].

The species Galliform chaphamaparvovirus 2 will 
include chicken chapparvovirus 2, which was obtained 
from the intestines of broiler chickens, where it could not 
be associated with clinical signs despite its high preva-
lence [17].

The species Galliform chaphamaparvovirus 3 has two 
potential members, namely, chicken chapparvovirus HK 
and chicken chapparvovirus 1. Chicken chapparvovirus 1 is 
only available as a partial sequence with a complete NS1. 
It was identified during the same study as chicken chappar-
vovirus 2, having 75% NS1 amino acid sequence identity 
[17]. Chicken chapparvovirus HK has a fully determined 
coding sequence and its NS1 shares 99% identity with that 
of chicken chapparvovirus 1.

Creating two new genera in the subfamily 
Parvovirinae

Since 2011, two parvoviruses that could not be assigned 
to any of the previously existing genera have been charac-
terized. Moreover, the previously valid virus classification 
criteria made it impossible for one of these two unique verte-
brate-infecting parvoviruses to be classified. However, using 
the updated, newly established criteria, both are eligible for 
classification, allowing the creation of two new genera in the 
subfamily Parvovirinae (Fig. 4).

Genus Artiparvovirus

Genus Artiparvovirus will initially be monotypic, com-
prising a single species, Chiropteran artiparvovirus 1, 
including one virus, Artibeus jamaicensis parvovirus, 
which was reported in leaf-nosed fruit bats in Panama 
[5]. The complete genome sequence of this parvovirus 
has been determined, and its NS1 shares 38% amino acid 
sequence identity with other parvoviral NS1s in the Gen-
Bank database. This, as well as its divergent phyloge-
netic position (Fig. 4), justifies its classification in its 
own monotypic genus.
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Genus Loriparvovirus

The genus Loriparvovirus ,  another newly-estab-
lished monotypic genus in the subfamily Parvovirinae, 
comprises one species, Primate loriparvovirus 1. Slow 
loris parvovirus, the only parvovirus to be assigned to this 
species, was detected in a slow loris (Nycticebus coucang) 
with diffuse histiocytic sarcoma. However, despite its 

persistence over many years, it is still unclear if this virus 
is oncogenic or oncolytic [6]. The complete genome of this 
virus has been sequenced, and its NS1 protein shares 38% 
amino acid sequence identity with that of other parvovi-
ruses. Both its identity values and its phylogenetic rela-
tionship qualify slow loris parvovirus to be classified in a 
separate genus within the subfamily Parvovirinae (Fig. 4).

Fig. 4   Phylogeny based on the complete NS1 protein sequence of 
viruses belonging to the subfamily Parvovirinae (460 aa). The Bayes-
ian and maximum-likelihood-inferred topologies were congruent. The 
alignment was made as detailed in Fig.  1. The phylogenetic recon-
structions were carried out using BEAST v. 1.10.4 as described in 

Fig. 1 and PhyML v3.3. Posterior probability support and bootstrap 
values are shown at the nodes. The names of the newly classified 
viruses and taxa established in the 2019 taxonomy proposal are in red 
and underlined
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Assigning previously unclassified 
parvoviruses into already established 
genera of the subfamily Parvovirinae

Establishing a new species within the genus 
Amdoparvovirus

We will assign red panda amdoparvovirus to the new spe-
cies Carnivore amdoparvovirus 5 in the genus Amdopar-
vovirus. This virus has been detected in both tissue and 
feces samples of endangered red pandas (Ailurus fulgens) 
and clusters with members of the genus Amdoparvovi-
rus, which are already-established carnivore-infecting 
parvoviruses [1]. Red panda amdoparvovirus NS1 shares 
approximately 75% sequence identity with that of other 
amdoparvoviruses.

Establishing a new species within the genus 
Aveparvovirus

Red-crowned crane parvovirus is assigned into the new 
species Gruiform aveparvovirus 1 in the genus Avepar-
vovirus, where it robustly clusters with the members of a 
single currently recognized species, Galliform aveparvo-
virus 1. Its NS1 protein sequence shares 57-58% identity 
with that of previously assigned members of the genus 
Aveparvovirus. Red-crowned crane parvovirus was discov-
ered in a study of the fecal virome of highly endangered 
red-crowned cranes (Grus japonensis) in China [42].

Establishing four new species within the genus 
Bocaparvovirus

Four parvoviruses that cluster robustly with previously 
recognized bocaparvoviruses have been assigned to four 
new species in the genus Bocaparvovirus.

Dromedary camel bocaparvovirus 1, which was identi-
fied in the feces of multiple dromedary camels (Camelus 
dromedaries) in Dubai [44], is the founding member of the 
species Ungulate bocaparvovirus 7. Its NS1 shares 40-60% 
amino acid sequence identity to other bocaparvovirus NS1 
proteins.

Dromedary camel bocaparvovirus 2 is assigned to the 
species Ungulate bocaparvovirus 8, as the NS1 protein of 
this virus shares 41% amino acid sequence identity with that 
of other bocaparvoviruses, including dromedary camel boca-
parvovirus 1. Like dromedary camel bocaparvovirus 1, this 
virus has been detected in the feces of multiple dromedary 
camels in Dubai [44].

Rat bocavirus is assigned to the species Rodent boca-
parvovirus 1, as the NS1 protein of this virus shares 
46-56% amino acid sequence identity with those of other 

bocaparvoviruses. The virus has been detected in multiple 
organs and feces of Norwegian rats (Rattus norvegicus) in 
China [16].

Murine bocavirus is assigned to the species Rodent boca-
parvovirus 2, as the murine bocavirus NS1 shares 48-55% 
amino acid sequence identity with its counterparts in other 
bocaparvoviruses. This virus was detected in house mice 
of New York City, often simultaneously with murine chap-
parvovirus [43].

Establishing five new species within the genus 
Copiparvovirus

The following parvoviruses have been assigned to the genus 
Copiparvovirus, as they all cluster with the two recognized 
copiparvoviruses as a robustly supported monophyletic 
group (Fig. 4).

The species Ungulate copiparvovirus 3 includes roe deer 
copiparvovirus. The complete genome of this virus has been 
sequenced from deer ticks (Ixodes ricinus) feeding on a roe 
deer and from serum samples from the deer (Capreolus 
capreolus) [18]. Its NS1 protein shares 40-48% amino acid 
sequence identity with those of viruses of established copi-
parvovirus species and clusters reliably with members of 
the genus.

Porcine parvovirus 6 is assigned to the species Ungulate 
copiparvovirus 4, as its complete genome has been char-
acterized and pathology has been associated with aborted 
porcine fetuses. Its NS1 shares 40-58% amino acid sequence 
identity with those of other copiparvoviruses.

Bosavirus is assigned to the species Ungulate copipar-
vovirus 5. Its NS1 shares 40% amino acid sequence identity 
with those of other copiparvoviruses and has been detected 
frequently in the calf serum virome [32].

Equine hepatitis parvovirus is assigned to the species 
Ungulate copiparvovirus 6, as its complete genome has been 
characterized and the virus has been associated with severe 
pathology in horses [10]. Its NS1 shares 36-39% amino acid 
sequence identity with that of other copiparvoviruses and 
the organization of its viral genome is remarkably copipar-
vovirus-like, with a length of >5 kb and a cap gene capable 
of encoding a VP1 longer than 900 aa. Furthermore, phy-
logenetic inference clearly indicates that this virus clusters 
with other copiparvoviruses. Hence, assigning it into another 
genus would mean introducing paraphyly, or splitting the 
already established two species of this genus apart from each 
other (Fig. 4).

Sesavirus is assigned to the species Pinniped copipar-
vovirus 1. This virus has been detected only once—in a 
California sea lion pup (Zalophus californianus)—and its 
complete coding sequence has been determined [28]. Its NS1 
shares 35% amino acid sequence identity with those of other 
copiparvoviruses, and its genome organization is remarkably 
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copiparvovirus-like, with a genome length of >5 kb and a 
cap gene capable of encoding a VP longer than 900 aa. 
Moreover, it does not show more than 30% NS1 amino acid 
sequence identity to any other Parvovirinae members out-
side of the genus Copiparvovirus. Sesavirus will be the first 
non-ungulate copiparvovirus, which may provide another 
explanation for its divergent nature relative to other copi-
parvoviruses, which exclusively infect unglulates (Fig. 4).

Establishing two new species within the genus 
Dependoparvovirus

Two adeno-associated rodent parvoviruses, namely, murine 
adeno-associated virus  1 and 2, have been  assigned to 
two new species in the genus Dependoparvovirus, Rodent 
dependoparvovirus 1 and 2, respectively. The large Rep pro-
teins of both viruses share 50–57% identity with depend-
oparvoviral Rep proteins (equivalent of NS1). These two 
murine adeno-associated viruses, however, share 75% 
sequence identity in this protein. The phylogenetic position 
of both viruses and their identity scores suggest that they 
are divergent enough to represent two distinct new species. 
Both viruses were derived from mice living around New 
York City, often in coinfection with murine chapparvovirus 
and murine bocavirus, as mentioned above [43].

Establishing a new species within the genus 
Erythroparvovirus

Seal parvovirus was identified in the brain tissue of a 
stranded harbor seal (Phoca vitulina), and its complete cod-
ing sequence was determined [4]. Its NS1 protein sequence 
shares 36% amino acid sequence identity with those of other 
erythroparvoviruses, and only 30% with parvoviruses from 
other genera. Despite this low level of sequence identity, we 
still decided to assign this parvovirus to a species called Pin-
niped erythroparvovirus 1 in the genus Erythroparvovirus. 
This affiliation is supported by the phylogenetic position of 
seal parvovirus, as well as by the presence of a small ORF 
that overlaps the N-terminal coding region of VP1, which 
appears to be homologous to the X protein of human parvo-
virus B19 (Fig. 4).

Creation of two new species in the genus 
Protoparvovirus

We have introduced two new species into this genus.
Tusavirus was detected in the diarrheic stool of a child 

in Tunisia and characterized [27]. Later, anti-tusavirus anti-
bodies were found in the serum of two more patients [40, 
41]. Its NS1 shares 48% amino acid sequence identity with 
that of other protoparvoviruses, and it also clusters with 
these viruses in a phylogenetic tree (Fig. 4). Although its 

natural host species remains uncertain, tusavirus will be 
assigned to the species Primate protoparvovirus 4 in the 
genus Protoparvovirus.

Sea otter parvovirus clusters with protoparvoviruses des-
ignated as “bufaviruses” and its NS1 shares 45-65% amino 
acid sequence identity with those of other protoparvoviruses 
(Fig. 4). This virus was derived from stranded sea otters 
(Enhydra lutris) in coinfection with various other DNA 
viruses [34]. This virus will be assigned to the new species 
Carnivore protoparvovirus 2 in the genus Protoparvovirus.

Conclusions

With the introduction of the new classification system, as 
well as new virus and taxon definitions, we will be able 
to classify 30 previously unclassified parvoviruses into 
29 new species, with 11 of these being placed into newly-
established genera. Moreover, with this proposal we have 
also addressed long-standing issues of parvovirus taxonomy, 
such as the paraphyly of the genus Ambidensovirus. The 
family Parvoviridae is a diverse family of animal-infecting 
viruses with a host range extending from the invertebrate 
phyla that appeared for the first time in the early Cambrian 
period to modern vertebrates, including humans. The sys-
tem proposed here was conceived with the aim of embrac-
ing this diversity. Hence, for the first time, we decided to 
classify parvoviruses based on common characteristics and 
phylogenetic relationships instead of solely on host associa-
tion. Although the introduction of the subfamily Hamapar-
vovirinae provides a solution for accommodating divergent 
densoviruses together with vertebrate-infecting parvoviruses 
that evolved independently from members of the subfamily 
Parvovirinae, we have to point out that this new subfamily 
is still extremely heterogeneous. The discovery of “chap-
parvoviruses” revealed the existence of vertebrate parvovi-
ruses that are more closely related to invertebrate-infecting 
parvoviruses than to members of the Parvovirinae, but this 
finding only emerged after decades of research in the field. 
This clearly illustrates that now we are only just beginning 
to scratch the surface of parvovirus diversity. Our proposal, 
nevertheless, is a first step toward introducing a new mind-
set in parvovirology that will be necessary to cope with the 
classification of both vertebrate- and invertebrate-infecting 
parvoviruses that are yet to be discovered.
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