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Robert David Siegel

The virus family concept is fundamentally important in understanding
the biologic classification of viruses.' By specifying the family to which a
virus belongs, much can be inferred about its physical, chemical, and
biologic properties and its evolutionary relationships and modes of gene
expression.” Virus families are designated with the suffix -viridae.” Fami-
lies are distinguished largely on the basis of physiochemical properties,
genome structure, size, morphology, and molecular processes.® Table
201.1 lists some criteria that are used to differentiate human virus
families.

The 26 virus families implicated in human disease’ are listed in
Table 201.2. In some cases, humans serve as a reservoir for the viruses
and the link to human disease is clear. In other cases, humans may
be incidental hosts or the link to disease may be more tenuous.

TABLE 201.1 Major Criteria for Classifying Human Virus Families

Table 201.3 lists specific viruses within each family that are linked to
human disease.

Facilitated by advances in molecular methods, the discovery of new
viruses and more careful characterization of known viruses®” have
resulted in frequent changes in family taxonomy. Examples of such
changes include de novo creation of a virus family (e.g., Anelloviridae),’
splitting a new family off of an existing one (e.g., Hepeviridae from
Caliciviridae),” dividing a family into two new families (e.g., Papovaviri-
dae into Papillomaviridae and Polyomaviridae)," and uniting formerly
separate families (e.g., incorporation of Toroviridae into Coronaviri-
dae).'"'"” Working groups"’ within the International Committee on Tax-
onomy of Viruses (ICTV)" have the responsibility of approving new
names and making changes in classification. Figs. 201.1,201.2, and 201.3

Criterion

Basis of Classification

Type of genomic nucleic acid DNA or RNA

Nucleic acid strandedness ds, ss, partially ds

Sense of ss nucleic acid

+, —, — with ambisense

Capsid morphology

Icosahedral, helical, or complex

Envelope Present or absent

Genome segmentation Number of segments

Genomic structure

For example, type of RNA cap, location of structural genes or repeat sequences

Electron micrographic (EM) appearance

For example, bullet-shaped rhabdoviruses or star-shaped astroviruses

Size of virion and/or genome

For example, large-genome DNA viruses (e.g., poxviruses, herpesviruses) versus small-genome viruses

(e.g., picornaviruses, parvoviruses, hepadnaviruses)

Nature of gene expression, including nature and
number of MRNA transcripts

For example, use of genomic polyproteins (e.g., picornaviruses, flaviviruses); use of reverse transcriptase
(e.g., retroviruses, hepadnaviruses); use of multiple 3" nested genes (e.g., coronaviruses); use of RNA

ambisense coding (e.g., arenaviruses, bunyaviruses)

ds, double stranded; ss, single stranded.



illustrate the relationships among human virus families in terms of key
biologic criteria listed in Table 201.1.

Next-generation nucleic acid sequencing has facilitated rapid and
massive screening of samples obtained from healthy individuals,
patients, nonhuman organisms, and environmental sources, resulting
in the ongoing discovery of numerous viruses.”'® The clinical sig-
nificance of most of these viruses has yet to be established. Advances in
understanding the human microbiome are providing insights into the
impact of microbial viruses in causing or modulating human disease. A
well-characterized example is the role of Vibrio cholerae phage CTXy in
producing the clinical symptoms of cholera."”

Families hierarchically are subdivided in a variety of ways, includ-
ing into subfamilies (suffix -virinae), genera (suffix -virus), and species
(suffix -virus)." In the past, the conventions for naming species were
somewhat arbitrary and varied from family to family. The ICTV has
instituted a more uniform system. A virus species, as defined by van
Regenmortel, is “a polythetic class of viruses that constitutes a repli-
cating lineage and occupies a particular ecologic niche”" Polythetic

Classification of Human Viruses

refers to the fact that viruses grouped within a species share many
properties. Species criteria may include genetic structure, sequence
homology, host range, tissue tropism, biologic reservoir, route of
transmission, immunologic cross-reactivity, epidemiology, and patho-
genicity.”’ With the advent of rapid nucleic acid sequencing, sequence
homology has taken precedence over other species classification
criteria.”'

The current system of species classification does not always cor-
respond to common usage or historical concepts of species. For
example, the three immunologically distinct viruses targeted by the
trivalent poliovirus vaccine are considered to be the same species: human
enterovirus C.”>” This species includes at least 23 additional serotypes
with diverse clinical presentations, as well as circulating recombinant
forms.” The practicality of distinguishing serotypes is emphasized by
the eradication of wild poliovirus type 2 in 2000~ and wild poliovirus
type 3 in 2012.” Species can be subdivided further into groups, clades,
types, subtypes, serotypes, variants, and isolates, depending on the
family involved and the degree of similarity. Selected representatives

TABLE 201.2 Families of Viruses That Infect Humans

Family Name Derivation of Family Name Genome Segmentation Capsid Morphology Envelope
Adenoviridae Gland dsDNA 1 Icosahedral Naked
Anelloviridae Ring-shaped sSDNA(-) 1 Icosahedral Naked
Arenaviridae Sand sSRNA-)?" 2 Helical Enveloped
Astroviridae Star ssRNA(+) 1 Icosahedral Naked
Bornaviridae® Location in Germany ssRNA(-)? 1 Helical Enveloped
Bunyaviridae Location in Uganda sSRNA-)¢" 8 Helical Enveloped
Caliciviridae Cup or chalice sSRNA+) 1 Icosahedral Naked
Coronaviridae® Crown ssRNA(+) 1 Helical Enveloped
Filoviridae® Thread ssRNA(-)? 1 Helical Enveloped
Flaviviridae Yellow ssRNA(+) 1 lcosahedral Enveloped
Hepadnaviridae Liver, DNA Partially ssDNA 1 Icosahedral Enveloped
Hepeviridae Hepatitis E ssRNA(+) 1 Icosahedral Naked
Herpesviridae® Creeping dsDNA 1 Icosahedral Enveloped
Orthomyxoviridae True, slime or mucus sSRNA(-)? 6-8 Helical Enveloped
Papillomaviridae Bumpy, tumor dsDNA 1 Icosahedral Naked
Paramyxoviridae® Alongside, slime or mucus ssRNA(-)? 1 Helical Enveloped
Parvoviridae Little ssDNA 1 lcosahedral Naked
Picobirnaviridae “Little”; “two”, RNA dsRNA 2 Ilcosahedral Naked
Picobirna Little, two, RNA dsRNA 2 Icosahedral Naked
Picornaviridae“ Little, RNA sSRNA+) 1 Icosahedral Naked
Pneumoviridae “Lung” ssRNA(-)? 1 Helical Enveloped
Polyomaviridae Many, tumor dsDNA 1 Icosahedral Naked
Poxviridae Pustule dsDNA 1 Complex Varies
Reoviridae Respiratory, enteric, orphan dsRNA 10-12 Icosahedral Naked
Retroviridae Backward sSRNA+) 1 but diploid Complex Enveloped
Rhabdoviridae® Rod ssRNA(-)? 1 Helical Enveloped
Togaviridae Cloak sSRNA+) 1 Icosahedral Enveloped
Delta® Fourth hepatitis group ssRNA(-)? 1 Ilcosahedral Enveloped
“Mononegavirales.

*Nidovirales.

‘Herpesvirales.

“Picornavirales.

“Floating genus, which is not currently assigned to a viral family. It bears some similarities to viroid pathogens of plants.
'ssDNA(+) indicates the mRNA-coding strand.
9ssRNA(-) indicates the complement of the message-sense strand.

"Some segments are ambisense.

'sSRNA@) indicates a message-sense strand.
ds, double stranded; ss, single stranded.
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TABLE 201.3 Human Viral Infections Listed by Family®

Family Name

Representative Viruses®

Adenoviridae Human adenovirus types 1 to 57 in seven species (human adenovirus species A to G)**%°

Anelloviridae® Torque teno virus 1 (TTV1),° Torque teno mini virus 1, Torque teno midi virus 1% (type species for numerous viruses in 3 genera)

Arenaviridae Lassa virus, lymphocytic choriomeningitis virus, Junin virus, Machupo virus, Guanarito virus, Sabié virus, Whitewater Arroyo virus,*
Chapare virus,®' Lujo virus

Astroviridae Human astroviruses (eight serotypes)

Bornaviridae Mammalian 1 bornavirus (formerly Borna disease virus [BDV])*

Bunyaviridae California encephalitis virus, Sin Nombre virus, La Crosse virus, Hantaan virus, Muerto Canyon virus, Crimean-Congo hemorrhagic fever
virus, Sandfly fever viruses, Rift Valley fever virus, Heartland virus, and many others

Calliciviridae Noroviruses, sapoviruses

Coronaviridae SARS coronavirus; MERS coronavirus®; human coronaviruses OC43,% 229E, NL63,% and HKU1%; human torovirus and other human
enteric coronaviruses

Filoviridae Ebola viruses (e.g., Zaire ebolavirus, Bundibugyo ebolavirus, Reston ebolavirus, Sudan ebolavirus, Tai Forest ebolavirus),”® Marburg virus

Flaviviridae Genus Alphavirus: dengue virus, yellow fever virus, Japanese encephalitis virus, West Nile virus, Murray Valley encephalitis virus,
Kyasanur encephalitis virus, tick-borne encephalitis virus, Zika virus, and others

Genus Hepacivirus: hepatitis C virus (HCV)
Genus Pegivirus®: GB virus-C° (GBV-C) (formerly hepatitis G virus [HGV])*

Hepadnaviridae Hepatitis B virus (HBV)

Hepeviridae® Hepatitis E virus (HEV)

Herpesviridae Herpes simplex virus type 1, herpes simplex virus type 2, varicella-zoster virus, cytomegalovirus, Epstein-Barr virus, human herpesvirus
6, human herpesvirus 7, human herpesvirus 8 (i.e., Kaposi sarcoma-associated herpesvirus), herpes simian B virus

Orthomyxoviridae Influenza A virus (e.g. subtype H1N1), influenza B virus, influenza C virus, Thogoto virus, Dhori virus,* Bourbon virus

Papillomaviridae

Human papilloma virus (>150 types with various degrees of oncogenicity)®”

Paramyxoviridae Measles (rubeola) virus, mumps virus, parainfluenza viruses, Hendra virus, Nipah virus, Menangle virus®
Parvoviridae Human parvovirus B19, human bocavirus,* adeno-associated viruses®®
Picobirnaviridae Human picobirnavirus
Picornaviridae™ Genus Enterovirus: human rhinoviruses (>100 serotypes), enteroviruses (>100 serotypes, including poliovirus 1-3, coxsackievirus A and
B, echoviruses, and other human enteroviruses)
Genus Hepatovirus: hepatitis A virus (HAV)
Genus Parechovirus: human parechoviruses
Genus Kobuvirus: Aichi virus
Genus Cosavirus: human cosaviruses”'
Genus Cardiovirus: Vilyuisk human encephalomyelitis virus, Saffold viruses™
Genus Salivirus: human Klassevirus,* salivirus A
Genus Senecavirus: Seneca Valley virus'
Unassigned: Syr-Darya Valley fever virus
Pneumoviridae Respiratory syncytial virus, human metapneumoviruses
Polyomaviridae JC virus, BK virus, Kl virus, WU virus, Merkel cell polyomavirus, lymphotropic polyomavirus, human polyomavirus 6, human polyomavirus
7, trichodysplasia spinulosa-associated polyomavirus, human polyomavirus 944
Poxviridae Molluscum contagiosum virus, variola (smallpox) virus, monkeypox virus, vaccinia virus, orf virus, pseudocowpox virus, Tanapox virus,
Yaba monkey tumor virus*®
Reoviridae Human rotavirus, Colorado tick fever virus, human reovirus,® Kemerovo virus
Retroviridae Human immunodeficiency viruses types 1 and 2, human T-lymphocyte lymphotropic viruses,*” xenotropic murine leukemia virus-related
virus,? human endogenous retroviruses (HERVSs), simian foamy virus
Rhabdoviridae Rabies virus, vesicular stomatitis virus, Australian bat lyssavirus, Duvenhage virus, Mokola virus
Togaviridae Rubella virus; Chikungunya virus; eastern equine, western equine, and Venezuelan equine encephalitis viruses; Ross River, Sindbis, and
Semliki Forest viruses
Delta” Hepatitis delta virus® (HDV)

“Examples listed correspond to common usage and do not necessarily comply with the official International Committee on Taxonomy of Viruses (ICTV) designations of virus species.

"Some zoonoses are included.

“Orphan virus for which a link to human disease has not been determined.

“Proposed genus name.

“Satellite virus requiring coinfection with heterologous virus for replication.

'Porcine virus being used clinically in humans as an oncolytic agent.*®

9Possible laboratory contaminant.

"Floating genus, which is not currently assigned to a viral family. It bears some similarities to viroid pathogens of plants.
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DNA viruses
Double stranded, || Double stranded, Double stranded, Single stranded, Partially double
complex, envelope icosahedral, icosahedral, icosahedral, stranded,
variable enveloped naked naked icosahedral,
enveloped
Poxviridae Herpesviridae (a) Adenoviridae Parvoviridae (b) Hepadnaviridae
Papillomaviridae Anelloviridae (c)
Polyomaviridae

FIGURE 201.1 Organizational chart of the eight human virus families with DNA genomes. The chart groups virus families using the strandedness of the viral genome,
the structure of the capsid, and the presence or absence of an envelope. All of these viruses are nonsegmented. Like retroviruses, hepadnaviruses contain reverse
transcriptase. One family of viruses has been assigned to the Herpesvirales (a) order of viruses. Parvoviruses (b) vary in the percentage of positive- and negative-sense
single-stranded DNA (ssDNA) genomes that are packaged, depending on the genus. Anelloviruses (c) package negative-sense ssDNA genomes; this strand is transcribed
into mRNA.
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l l Retroviridae
Icosahedral Helical
nucleocapsid nucleocapsid
Togaviridae .
HviviiicEe Coronaviridae (b)

FIGURE 201.2 Organizational chart of the eight human virus families with positive-sense (+) RNA (i.e., mRNA-like) genomes. The chart groups virus families using the
presence or absence of an envelope, the presence of reverse transcriptase, and the structure of the capsid. All of these viruses have a single-stranded (ss), nonsegmented
viral genome. One family of viruses (a) has been assigned to the Picornavirales order of viruses. Another family of viruses (b) has been assigned to the Nidovirales order

of viruses.
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FIGURE 201.3 Organizational chart of the
remaining eight human RNA virus families,
including the negative (-) singled-stranded
(ss) (i.e., complementary to message sense)
and double-stranded (ds) RNA viruses. The
chart groups the families using the structure
of the genome, presence or absence of an

RNA viruses

l :

envelope, and the presence or absence of
ambisense gene expression. For seg-
mented viruses, the number of genome
segments is listed in parentheses. One

—ssRNA genome,
helical, enveloped

dsRNA genome,
icosahedral,
naked

group of virus families (a) is assigned to the
Mononegavirales  (i.e., monosegmented

and negative-stranded) order of viruses. 1
The unclassified or floating genus (b) is not

currently assigned to a viral family. It bears
some similarities to viroid pathogens of
plants. Satellite virus (c) refers to the fact

—ssRNA
without ambisense

that hepatitis D virus (HDV) depends on
HBV, a genomically unrelated virus, for its |

Reoviridae
(10-12)

—ssRNA genome,
with ambisense,
segmented
genome

successful replication. l

l Bunyaviridae (3)

—ssRNA
nonsegmented
genome
without ambisense

—ssRNA
segmented
genome
without ambisense

Arenaviridae (2)

Paramyxoviridae (a)
Rhabdoviridae
Filoviridae

Orthomyxoviridae
(7-8)

Bornaviridae

Delta
(unclassified [b],
satellite virus [c])

BOX 201.1 Common Routes of Virus Transmission to Humans

Respiratory route (i.e., droplet, aerosol, and respiratory secretions on
the hands and elsewhere; oral exchange): influenza virus,
varicella-zoster virus, human rhinovirus, human adenovirus,
respiratory syncytial virus, parainfluenza virus, metapneumovirus

Fecal-oral route: polioviruses, coxsackieviruses, hepatitis A virus,
rotavirus, astrovirus, norovirus

Direct contact: human papillomavirus (HPV), molluscum
contagiosum, herpes simplex virus type 1 (HSV-1)

Sexual: human immunodeficiency virus type 1 (HIV-1), human
T-lymphotropic virus type 1 (HTLV-1), hepatitis B virus (HBV),
human papillomavirus types 16 and 18 (HPV-16, HPV18), HSV-2

Urine-associated: cytomegalovirus (CMV)

Parenteral route (i.e., blood and blood products, transplantation,
tattooing, and scarification): HIV-1, HBV, hepatitis C virus (HCV)

Animal bite: rabies virus, Duvenhage virus

Vertical route (e.g., germline, intrauterine, perinatal, human milk):
HIV-1, HTLV-1, germline transmission of endogenous
retroviruses

Arthropod-borne route (e.g., mosquitos, ticks, sandflies): Japanese
encephalitis virus, West Nile virus, dengue virus, yellow fever
virus, Zika virus, chikungunya virus, and many others

Rodent-associated transmission: Lassa fever virus, sin nombre, and
other hanta viruses (e.g., Hantaan virus, Seoul virus, and
Puumala virus)

Bat-associated transmission: rabies virus, Nipah virus, Ebola virus,
severe acute respiratory syndrome coronavirus (SARS CoV)
Monkey-associated transmission: herpes B virus, monkeypox virus,

orf virus

Other zoonotic associations (e.g., cows, sheep): orf virus, cowpox
virus

called type viruses may be used to illustrate the properties of a particular
taxon.

A number of virus families are assigned to higher-level orders, which
are designated with the suffix -virales. Examples are Herpesvirales,
Mononegavirales, Picornavirales, and Nidovirales.”” They are indicated
by footnotes in Table 201.2. Most families are unassigned to orders.

In addition to biologic classification, viruses often are categorized
according to their clinical presentation (i.e., syndromic classification),
epidemiology, or mode of transmission. Box 201.1 lists the major routes
of transmission for human diseases, with representative examples of
viruses transmitted by each route.

Understanding virus classification can lead to important generaliza-
tions regarding the prevention and treatment of viral infection and
insights into the distribution and evolution of viruses. In addition,

insights from viral taxonomy play key roles in preventing and staunching
the spread of viral disease at the population level.

All references are available online at www.expertconsult.com.

KEY REFERENCES

5. Siegel R Human Virology at Stanford: Humans and Viruses Virus Family List. http://

www.stanford.edu/group/virus/viruslist.html.

15. Lipkin WI. The changing face of pathogen discovery and surveillance. Nat Rev
Microbiol 2013;11:133-141.

16. Ho T, Tzanetakis IE. Development of a virus detection and discovery pipeline using
next generation sequencing. Virology 2014;471-473:54—60.

21. International Committee on Taxonomy of Viruses. Virus Taxonomy Assignments.
http://ICTVonline.org/virusTaxInfo.asp.


http://www.expertconsult.com
http://www.stanford.edu/group/virus/viruslist.html
http://www.stanford.edu/group/virus/viruslist.html
http://ICTVonline.org/virusTaxInfo.asp

REFERENCES

1.

2.

10.
11.

20.

21.

22.

23.

24.

Murphy FA. Virus taxonomy. In: Knipe DM, Howley PM (eds) Fields Virology, 5th
ed. Philadelphia, Lippincott-Raven Publishers, 1996, p 17.

Condit R. Principles of virology. In: Knipe DM, Howley PM (eds) Fields Virology,
5th ed. Philadelphia, Lippincott Williams & Wilkins, 2007, pp 25-57.

. Fenner E. The classification and nomenclature of viruses: summary of results of

meetings of the International Committee on Taxonomy of Viruses in Madrid,
September 1975. ] Gen Virol 1976;31:463—470.

. Knipe DM, Howley PM (eds) Fields Virology, 5th ed. Philadelphia, Lippincott Wil-

liams & Wilkins, 2007.

. Siegel R Human Virology at Stanford: Humans and Viruses Virus Family List. http://

www.stanford.edu/group/virus/viruslist.html.

. Delwart EL. Viral metagenomics. Rev Med Virol 2007;17:115-131.
. Lipkin WI. Microbe hunting in the 21st century. Proc Natl Acad Sci USA 2009;106:6—7.
. Bernardin F, Operskalski E, Busch M, Delwart E. Transfusion transmission of highly

prevalent commensal human viruses. Transfusion 2010;50:2474—2483.

. Emerson SU, Anderson D, Arankalle A, et al. Hepevirus. In: Fauquet CM, Mayo MA,

Maniloff ], et al. (eds) Virus Taxonomy: VIIIth Report of the ICTV. London, Elsevier/
Academic Press, 2004, pp 851-855.

Fauquet CM, Mayo MA. The 7th ICTV report. Arch Virol 2001;146:189-194.
Horzinek MV, Flewett TH, Saif L], et al. A new family of vertebrate viruses: Toro-
viridae. Intervirology 1987;27:17-24.

. Cavanagh D, Brian DA, Brinton MA, et al. The Coronaviridae now comprises two

genera, coronavirus and torovirus: report of the Coronaviridae Study Group. Adv
Exp Med Biol 1993;342:255-257.

. International Committee on Taxonomy of Viruses. Alphabetical Listing of Study

Groups. http://www.ictvonline.org/studygroups.asp?se=5.

. International Committee on Taxonomy of Viruses. Home Page. http://

www.ictvonline.org/index.asp.

. Lipkin WI. The changing face of pathogen discovery and surveillance. Nat Rev

Microbiol 2013;11:133-141.

. Ho T, Tzanetakis IE. Development of a virus detection and discovery pipeline using

next generation sequencing. Virology 2014;471-473:54—60.

. Faruque SM, Mekalanos JJ. Phage-bacterial interactions in the evolution of toxigenic

Vibrio cholerae. Virulence 2012;7:556-565.

. The International Code of Virus Classification and Nomenclature. August 2002.

http://ictvonline.org/codeofvirusclassification_2002.asp?bhcp=1.

. van Regenmortel MHV, Maniloff ], Calisher CH. The concept of virus species. Arch

Virol 1991;120:313-314.

van Regenmortel MHV. Introduction to the species concept in virus taxonomy. In:
van Regenmortel MHYV, Fauquet CM, Bishop DHL, et al. (eds) Seventh ICTV Report.
San Diego, Academic Press, 2000, pp 3-16.

International Committee on Taxonomy of Viruses. Virus Taxonomy Assignments.
http://ICTVonline.org/virusTaxInfo.asp.

Brown BA, Maher K, Flemister MR. Resolving ambiguities in genetic typing of
human enterovirus species C clinical isolates and identification of enterovirus 96,
99 and 102. ] Gen Virol 2009;90:1713-1723.

NCBI Database. Human Enterovirus C. https://www.ncbi.nlm.nih.gov/Taxonomy/
Browser/wwwtax.cgi?mode=Tree&id=138950&lvl=3&lin=f&keep=1&srchmode=1&
unlock.

Yip CCY, Lau SKP, Woo PCY, et al. Complete genome sequence of a coxsackievirus
A22 strain in Hong Kong reveals a natural intratypic recombination event. J Virol
2011;85:12098-12099.

25.
26.

27.

29.
30.

31.

32.

33.
34.

35.

36.

37.

38.
39.

40.
. Holtz L, Finkbeiner S, Kirkwood C, Wang D. Identification of a novel picornavirus

42.

43.
44,
45.
46.

47.

48.

Classification of Human Viruses

Apparent global interruption of wild poliovirus type 2 transmission. MMWR Morb
Mortal WKly Rep 2001;50:222-224.

Kew OM, Cochi SL, Jafari HS. Possible eradication of wild poliovirus type 3—world-
wide, 2012. MMWR Morb Mortal Wkly Rep 2014;63:1031-1033.

Carstens EB. Ratification vote on taxonomic proposals to the International Commit-
tee on Taxonomy of Viruses (2009). Arch Virol 2010;155:133—146.

. Wong HR, Jiang G, Gangeswaran R, et al. Modification of early gene enhancer-pro-

moter improves the oncolytic potency of adenovirus 11. Mol Ther 2011;20:306-316.
ICTV Virus Taxonomy. 2015 Release. http://ictvonline.org/virusTaxonomy.asp.
Fatal illnesses associated with a New World Arenavirus—California, 1999-2000.
MMWR Morb Mortal Wkly Rep 2000;49:709-711.

Delgado S, Erickson BR, Agudo R, et al. Chapare virus, a newly discovered arenavirus
isolated from a fatal hemorrhagic fever case in Bolivia. PLoS Pathog 2008;4:¢1000047.
Lau SK, Lee P, Tsang AK, et al. Molecular epidemiology of human coronavirus OC43
reveals evolution of different genotypes over time and recent emergence of a novel
genotype due to natural recombination. J Virol 2011;85:11325-11337.
Abdul-Rasool S, Fielding BC. Understanding human coronavirus HCoV-NL63.
Open Virol ] 2010;4:76-84.

Esper F, Weibel C, Ferguson D, et al. Coronavirus HKU1 infection in the United
States. Emerg Infect Dis 2006;12:775-779.

Feng Y, Zhao W, Feng Y, et al. A novel genotype of GB virus C: its identification
and predominance among injecting drug users in Yunnan, China. PLoS ONE
2011;6:€21151.

Bussetti AV, Palacios G, Travassos da Rosa A, et al. Genomic and antigenic charac-
terization of Jos virus. ] Gen Virol 2012;93(Pt 2):293-298.

Chen Z, Schiffman M, Herrero R, et al. Evolution and taxonomic classification
of human papillomavirus 16 (HPV16)-related variant genomes: HPV31, HPV33,
HPV35, HPV52, HPV58 and HPV67. PLoS ONE 2011;6:€20183.

Adrian WP, Kirkland PD, Ross AD, et al. An apparently new virus (family Paramyxo-
viridae) infectious for pigs, humans, and fruit bats. Emerg Infect Dis 1998;4:269-271.
Foulongne V, Rodiere M, Segondy M. Human bocavirus in children. Emerg Infect
Dis 2006;12:862-863.

Picornaviridae. http://www.picornaviridae.com.

related to cosaviruses in a child with acute diarrhea. Virol J 2008;5:159.

Chiu CY, Greninger AL, Kanada K, et al. Identification of cardioviruses related to
Theiler’s murine encephalomyelitis virus in human infections. Proc Natl Acad Sci
USA 2008;105:14124-14129.

Greninger AL, Runckel C, Chiu CY, et al. The complete genome of klassevirus: a
novel picornavirus in pediatric stool. Virol J 2009;6:82.

Feng H, Shuda M, Chang Y, Moore PS. Clonal integration of a polyomavirus in
human merkel cell carcinoma. Science 2008;319:1096—1100.

Moens U, Ludvigsen M, Van Ghelue M. Human polyomaviruses in skin diseases.
Patholog Res Int 2011;2011:123491.

Smith GC. Genus Yatapoxvirus. In: Mercer AA, Schmidt A, Weber O (eds) Poxviruses.
Basel, Switzerland, Birkhduser Verlag, 2007, pp 113-126.

Wolfe ND, Heneine W, Carr JK, et al. Emergence of unique primate T-lymphotropic
viruses among central African bushmeat hunters. Proc Natl Acad Sci USA
2005;102:7994-7999.

Koppers-Lalic D, Hoeben RC. Non-human viruses developed as therapeutic agent
for use in humans. Rev Med Virol 2011;21:227-239.

201


http://www.stanford.edu/group/virus/viruslist.html
http://www.stanford.edu/group/virus/viruslist.html
http://www.ictvonline.org/studygroups.asp?se=5
http://www.ictvonline.org/index.asp
http://www.ictvonline.org/index.asp
http://ictvonline.org/codeofvirusclassification_2002.asp?bhcp=1
http://ICTVonline.org/virusTaxInfo.asp
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?mode=Tree&id=138950&lvl=3&lin=f&keep=1&srchmode=1&unlock
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?mode=Tree&id=138950&lvl=3&lin=f&keep=1&srchmode=1&unlock
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?mode=Tree&id=138950&lvl=3&lin=f&keep=1&srchmode=1&unlock
http://ictvonline.org/virusTaxonomy.asp
http://www.picornaviridae.com



