
CHAPTER 9 

Virus Taxonomy and Nomenclature 
FREDERICK A. MURPHY 

The ICTV Universal System of Virus Taxonomy: Virus families, genera, and species. 
Virus Nomenclature: Formal nomenclature usage for unambiguous identification, vernacu

lar usage. 
Structural, Physicochemical, and Replicative Characteristics Used in Taxonomy: A listing. 
Classification of Viruses on the Basis of Epidemiologic Criteria: Groupings useful in the 

diagnostic setting. 
The Place of Taxonomy in Diagnostic Virology: "Differential diagnosis" and "rule-out 

diagnosis," causal relationship between virus and disease, the adequate description of 
new viruses. 

A Taxonomic Description of the Families of Viruses Containing Human and Animal Patho
gens: Family characteristics and listings of member viruses. 

"Viruses should be considered as viruses because viruses 
are viruses. " 

-Andre Lwoff, 1957 

Introduction 

The diagnostician might ask, "What is the need for 
virus taxonomy in my work?" The answer, of 
course, is that a system for classification and nomen
clature, that is, a system of taxonomy, is a practical 
necessity whenever large numbers of distinct organ
isms are being dealt with. This practical necessity 
becomes clear whenever one compares an "un
known" with known organisms in an attempt to iden
tify it. In this case, the organization of the list of 
known organisms usually takes the form of a taxo
nomic scheme. The practical necessity for taxonomy 
also becomes clear whenever candidate organisms 
must be considered in a differential diagnosis. Again, 
the list of candidate organisms usually takes the form 
of a taxonomic scheme. As in each of these cases, 
another value of taxonomic organization and stand
ardized nomenclature lies in the avoidance of ambi
guity in communicating information about the identi
fication of organisms; taxonomic nomenclature is 

chosen for its precision, its avoidance of confusing 
synonyms, and its universality in all languages (Mur
phy, 1985). 

The earliest taxonomic experiments involving vi
ruses were designed to separate them from microbes 
that could be seen in the light microscope and that 
usually could be cultivated on rather simple media. 
In the experiments that led to the first discoveries of 
viruses by Beijerinck and Ivanovski (tobacco mosaic 
virus), Loeffler and Frosch (foot-and-mouth disease 
virus), and Reed and Carroll (yellow fever virus) at 
the turn of the century, one single physicochemical 
characteristic was measured-filterability (Waterson 
and Wilkinson, 1978). No other physicochemical 
measurements were possible at that time, and most 
studies of viruses centered on their ability to cause 
infections and diseases. The earliest efforts to clas
sify viruses, therefore, were based upon common 
pathogenic properties, common organ tropisms, and 
common ecological and transmission characteristics. 
For example, viruses that share the pathogenic prop
erty of causing hepatitis (e.g., hepatitis A virus, hep
atitis B virus, yellow fever virus, Rift Valley fever 
virus) were brought together as "the hepatitis vi
ruses. " 

The first substantial studies of the nature of vi
ruses were begun in the 1930s, but it was not until 
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about 1950 that biochemical and morphological infor
mation on virion composition and structure was 
comprehensive enough to influence classification 
concepts. In the 1950s, the first groupings of viruses 
on the basis of common virion properties emerged
the myxovirus group (Andrewes et aI., 1955), the 
poxvirus group (Fenner and Burnet, 1957), and the 
herpesvirus group (Andrewes, 1954). At the same 
time, there was an explosion of discovery of new 
viruses affecting humans and animals. Prompted by 
this rapidly growing mass of data, several individuals 
and committees advanced their own classification 
schemes. The result was confusion over competing, 
conflicting schemes, and for the first but not the last 
time it became clear that virus classification and no
menclature are topics that give rise to very strongly 
held opinions. 

Against this background, in 1966 the International 
Committee on Nomenclature of Viruses (ICNV)i 
was established at the International Congress of Mi
crobiology in Moscow. At that time, virologists al
ready sensed a need for a single, unversal taxonomic 
scheme. There was little controversy that the hun
dreds of viruses being isolated from humans and ani
mals, as well as from plants, insects, and bacteria, 
should be classified in a single system separately 
from all other biological entities, but there was much 
controversy over the taxonomic system to be used. 
Lwoff and his colleagues argued for the adoption of 
an all-embracing scheme for the classification of vi
ruses into subphyla, classes, orders, suborders, and 
families (Matthews, 1983). These descending hierar
chical divisions would have been based upon nucleic 
acid type, capsid symmetry, presence or absence of 
an envelope, etc. Opposition to this scheme was 
based on the arbitrariness of decisions as to the rela
tive importance of different virion characteristics 
and upon the feeling that not enough was known 
about the characteristics of most viruses to warrant 
an elaborate hierarchy. The hierarchical issue was 
defeated in the ICNV, but otherwise the Lwoff
Horne-Tournier (1962) scheme became the basis of 
the universal taxonomy system that has been built 
upon ever since (Wildy, 1971). In this system, as 
many virion characteristics as possible are consid
ered and weighted as criteria for making divisions 
into families, in some cases subfamilies, genera, and 
species. The relative order and weight assigned to 
each characteristic are in fact set arbitrarily and are 
influenced by prejudgments of relationships that "we 
would like to believe [from an evolutionary stand
point], but are unable to prove" (Fenner, 1974). The 
system does not use any hierarchical levels higher 

I The International Committee on Nomenclature of Viruses 
(ICNV) became the International Committee on Taxonomy 
of Viruses (ICTV) in 1973. 

than families, and the system does not imply any 
phylogenetic relationships beyond those "proven" 
experimentally (e.g., by nucleic acid hybridization, 
nucleotide sequencing, gene reassortment and re
combination). The system is quite different from that 
used for the taxonomy of bacterial and other micro
bial organisms. The system is pragmatic-it is useful 
and is being used widely. It has replaced all compet
ing classification schemes for all viruses. It elimi
nates ambiguity for all users, diagnosticians and cli
nicians, teachers and students, and laboratory 
researchers and epidemiologists. It brings order and 
precision to diagnostic reports, to textbooks, and to 
the research literature (Brown, 1987; Fenner, 1976; 
Matthews, 1979, 1982; Wildy, 1971). 

The ICTV Universal System 
of Virus Taxonomy 

In the most recent ICTV report (Brown, 1987), about 
1,400 viruses have been assigned to approved taxa, 
and about 500 more have been designated as "proba
ble" or "possible" members of these taxa. There is a 
sense that, at least for the viruses that cause clinical 
disease in humans and domestic animals, a signifi
cant fraction of all existing viruses have already been 
isolated and entered into the taxonomic system. This 
sense is based upon the infrequency in recent years 
of discoveries of viruses that do not fit into present 
taxa. The present universal system of virus taxon
omy is set arbitrarily at hierarchical levels offamity, 
in some cases subfamily, genus, and species. Lower 
hierarchical levels, such as subspecies. strain, vari
ant, etc., are established and used by international 
specialty groups and by culture collections. 

Virus Families 

Virus families are designated by terms with the suffix 
-viridae. Families represent clusters of viruses. or
ganized into genera, that share common characteris
tics and that are distinct from other major clusters of 
viruses. Despite the arbitrariness of early criteria for 
creating families, this highest level in the taxonomic 
hierarchy now seems soundly based and rather sta
ble. All the families of viruses containing members 
that infect humans or other vertebrates have quite 
distinct virion morphologic characteristics and dis
tinct genomes and strategies of replication; this indi
cates phylogenetic independence or at least great 
phylogenetic separation. In fact, although the taxo
nomic hierarchy does not necessarily have any evo
lutionary implications, it now seems, on the one 
hand, that the member viruses of a family do share a 
common evolutionary origin, and. on the other hand, 



that the member viruses of different families usually 
do not share a common evolutionary origin. For ex
ample, it seems unlikely that the many similar struc
tural and replicative characteristics of all the many 
diverse pox viruses could stem from other than a 
common ancestor. On the other hand, the recently 
discovered genomic similarities between the member 
viruses of the families Rhabdoviridae and Paramyx
oviridae are being used by some virologists to argue 
that the two families should be brought together in 
some way. These similarities will be weighed against 
the many differences between the member viruses of 
the two families, differences that were used to con
struct the two families in the first place. Where new 
data contradict the sense of common ancestry of vi
ruses now placed in the same family, or contradict 
the sense of distinct ancestry of viruses now placed 
in separate families, there are likely to be changes in 
the present taxonomic structure, with some further 
division or merger of present families. 

So far, in three families-the Retroviridae, the 
Poxviridae, and the Herpesviridae-subfamilies 
have been introduced to allow a more complex hier
archy of taxa, in keeping with the apparent intrinsic 
complexity of the relationships among member vi
ruses. Subfamilies are designated by terms with the 
suffix -virinae. 

Virus Genera 

Virus genera are designated by terms with the suffix 
-virus. Virus genera represent groups of species that 
share certain common characteristics and that are 
distinct from other groups of species. This level in 
the hierarchy of taxa also seems pragmatically based 
and useful. The criteria used for creating genera dif
fer from family to family, and as more viruses are 
discovered and studied, there will be continuing 
pressures to use smaller and smaller structural, phys
icochemical, or serological differences to create new 
genera in many families. As with the family taxon, no 
commonality in phylogenetic origin is necessarily im
plied in the genus taxon; however, more and more 
evidence is accumulating that the members of genera 
do have a common evolutionary origin. 

The subgenus taxon is used in one virus family, 
the Retroviridae, to divide the unnamed genus com
prising the type C oncoviruses into three taxa, for the 
mammalian, avian, and reptilian type C oncoviruses. 

Virus Species 

Although the species taxon is widely regarded as the 
most important level in any taxonomic hierarchy, it 
is proving to be the most difficult to apply to viruses. 
In fact, virus species have not yet been formally de-
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fined, nor have associated nomenclature problems 
been resolved. By extension from the definitions of 
virus families and genera, it might be presumed that 
virus species would simply be defined as clusters of 
strains of viruses with certain properties that sepa
rate one cluster from others. However, some virolo
gists have argued that virus species must be defined 
as species are defined in other taxonomic systems. 
For example, in the taxonomy of animals, species 
are defined as "groups of interbreeding natural popu
lations that are reproductively isolated from other 
such groups" (Matthews, 1983). This latter definition 
cannot be applied to all viruses, nor can criteria used 
to define species in other taxonomic systems. The 
issue continues to be debated. 

In any case, it is clear that the species term will 
eventually be defined as an equivalent (or near equiv
alent) of the present vernacular term virus. Just as 
the term virus is defined differently in different virus 
families, so the term speCies will likely be defined in 
some cases by structural or physicochemical criteria 
and in other cases by serological or biological crite
ria. For example, Sindbis virus, mumps virus, polio 1 
virus, and vaccinia virus each meet the definition of 
the vernacular term virus, and will likely be desig
nated species. These examples, however, do not re
flect the difficulty that will be encountered in differ
entiating species and strains, nor do they reflect the 
difficulty in species nomenclature caused by at
tempts to adapt multi-word vernacular terms (e.g., 
eastern equine encephalitis virus, Colorado tick fe
ver virus, etc.). These problems probably will be 
overcome in the next few years, but in the meantime, 
the ICTV lists virus species only under the heading 
"English vernacular name" (Brown, 1987). 

Virus Nomenclature 

Formal Nomenclature Usage for 
Unambiguous Identification 

Unambiguous virus identification is one value of the 
universal system of taxonomy (Murphy, 1983). De
spite the incompleteness of the system, journal edi
tors will soon require unambiguous virus identifica
tion somewhere in each publication. For example, 
under Materials and Methods, each virus could be 
identified by family, genus, and species terms-per
haps in combination with precise strain designation 
terms as developed by specialty groups. It is unlikely 
that such formal virus identification would ever be 
required in a diagnostic report, but it is likely that 
more precise virus identification will be required for 
labeling diagnostic reagents, seed virus stocks, etc. 

Even in the absence of formal species designa-
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tions, there is value in using the vernacular species 
names listed in the most current report of the 
ICTV - The Classification and Nomenclature of Vi
ruses (Brown, 1986, 1987; Matthews, 1982)-rather 
than any synonyms or transliterated common virus 
names. Likewise, there is value in using strain and 
variant designations developed by recognized inter
national specialty groups and culture collections, 
rather than any local laboratory-coded terms. 

The matter of deciding how type species and 
strains are chosen and designated remains the re
sponsibility of international specialty groups, some 
of which operate under the auspices of the World 
Health Organization and other agencies. In the past, 
some confusion was caused by the ICTV's identifica
tion of type species as part of descriptions of taxa; 
however, the ICTV has never been responsible for 
the identification of type species with the kind of 
precision that must be used by specialty groups and 
culture collections for nontaxonomic purposes. 
There has also been confusion caused by conflicting 
claims by individuals having personal interests in the 
choice of prototypes. This has especially been the 
case where prototype strains have become valuable 
as substrates for diagnostic reagents, vaccines, etc. 
In this regard, the designation of prototype species 
and strains for noncommercial purposes must be 
seen as a primary responsibility of international spe
cialty groups. 

The best model for the kind of virus description 
necessary to avoid all ambiguity in identification is 
that of the American Type Culture Collection in its 
frequently updated Cataloque of Animal and Plant 
Viruses, Fifth Edition (1986). For example, St. Louis 
encephalitis virus is listed as: 

St. Louis encephalitis virus Class III 
ATCC VR-80 Strain: Hubbard. Original source: 
Brain of patient, Missouri, 1937. Reference: Mc
Cordock, H. A., et aI., Proc. Soc. Exp. Bioi. 
Med. 37:288,1937. Preparation: 20% 5MB in 50% 
NIRS infusion broth; supernatant of low speed 
centrifugation. Host of Choice: sM (i.c.); M (i.c.). 
Incubation: 3-4 days. Effect: Death. Host Range: 
M, Ha, CE, HaK, CE cells. Special Characteris
tics: Infected brain tissue will have a titer of about 
107• Agglutinates goose and chicken RBC. Cross 
reacts with many or all members of Group B ar
boviruses. Requests for this agent must carry a 
signed statement assuming all risks and responsi
bility for lab handling. 

In formal usage, the first letter of virus family, 
subfamily, and genus terms are capitalized, and the 
terms are underlined or printed in italics. Species 
terms, which, as stated above, are used in English 
vernacular form, are not capitalized, underlined, or 

italicized. In formal usage, the name of the taxon 
should precede the term for the taxonomic unit; for 
example ... "the family Paramyxoviridae" ... "the 
genus M orbillivirus." Further, it was decided years 
ago that virus nomenclature would not be Latinized. 
For example, terms such as Flavivirus fabricius, 
Orthopoxvirus variolae, and Herpesvirus varicellae, 
which were used at one time, should not be perpetu
ated. 

The following represent examples of full, formal, 
taxonomic terminology: 

1. Family Poxviridae, subfamily Chordopoxvirinae, 
genus Orthopoxvirus, vaccinia. 

2. Family Herpesviridae, subfamily Alphaherpes
virinae, genus Simplexvirus, herpes simplex 2. 

3. Family Picornaviridae, genus Enterovirus, po
lio 1. 

4. Family Rhabdoviridae, genus Lyssavirus, rabies. 

Vernacular Usage of Virus Nomenclature 

In informal vernacular usage, virus family, subfam
ily, genus, and species terms are written in lower 
case Roman script-they are not capitalized, under
lined, or printed in italics. In informal usage, the 
name of the taxon should not include the formal suf
fix, and the name of the taxon should follow the term 
for the taxonomic unit; for example, "the paramyx
ovirus family" or "the morbillivirus genus. " 

Use of vernacular terms for virus taxonomic units 
and virus names should not lead to unnecessary am
biguity or loss of precision in virus identification. 
The formal family, subfamily, and genus terms and 
the English vernacular species terms listed in the 
most current report of the ICTV-The Classification 
and Nomenclature of Viruses (Brown, 1987)
should be used as the basis for choosing vernacular 
terms, rather than any synonyms or transliterations. 

Structural, Physicochemical, and 
Replicative Characteristics Used 
in Taxonomy 

Laboratory techniques that have been used for taxo
nomic purposes over the past 20 years have included 
measurements of virion morphology (by electron mi
croscopy), virion stability (by varying pH and tem
perature, adding lipid solvents and detergents, etc.), 
virion size (by filtration through fibrous and porous 
microfilters), and virion antigenicity (by many differ
ent serologic methods). Taxonomic placement of vi
ruses by these conventional means has represented 
more a repetition of historical steps in virus charac
terization than the use of any rational sequential 



identification protocol. These conventional means 
have worked, because after large numbers of viruses 
had been studied and their characteristics worked 
into the universal taxonomic scheme, it was neces
sary in most cases to measure only a few characteris
tics to place a new virus, especially a new variant 
from a well studied source, in its proper taxonomic 
niche. For example, a new adenovirus, isolated from 
the human respiratory tract and identified by sero
logic means, should be easy to place in its niche in 
the family Adenoviridae. The exception to this easily 
applied system is seen when a new virus is found that 
does not have a usual pattern of properties. Such a 
virus becomes a candidate prototype for a new 
taxon-a new family or genus. In such cases, com
prehensive characterization of all virion properties is 
called for, but if techniques are used that have only 
an empirical basis, then taxonomic constructions 
that follow may be faulted. Over the years, more and 
more physicochemical data and serological studies 
have been called for before new viruses have been 
placed in taxa. 

We now understand many of the fundamental mo
lecular bases for those empirical, physical-property 
measurements that were originally used to construct 
most of the virus families and genera. Moreover, 
through the use of monoclonal antibodies, synthe
sized peptides (by prediction of amino acid sequence 
from virus nucleotide sequence), and epitopic map
ping, we have begun to understand the molecular 
basis for those serological methods that were used 
taxonomically in the original constructions of fami
lies and genera. In addition, we have added "strat
egy of replication" and genetic considerations to tax
onomic decisions. Many of the characteristics that 
are used in deciding taxonomic constructions are 
listed in Table 1. 

The single most important technological develop
ment underpinning the development of modern virus 
taxonomy was the invention by Brenner and Horne 
(1959) of the negative-staining technique for electron 
microscopic examination of virions. The impact of 
this technique was immediate: 1) virions could be 
characterized with respect to size, shape, surface 
structure, and, often, symmetry; 2) the method could 
be applied to viruses infecting all kinds of hosts, in
cluding humans, experimental animals, cell cultures, 
arthropods, etc.; and 3) virions could be character
ized in unpurified material, including diagnostic 
specimens. Negative staining facilitated the rapid ac
cumulation of data about the physical properties of 
many viruses. Thin-section electron microscopy of 
virus-infected cell cultures and tissues of infected 
humans and experimental animals provided comple
mentary data on virion morphology, mode and site of 
virion morphogenesis, presence or absence of an en
velope, etc. Thus, today, in most cases, viruses can 
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TABLE I. Properties of viruses used in taxonomic 
constructions 

A. Properties of virions 
I. Virion size 
2. Virion shape 
3. Presence or absence of an envelope and peplomers 
4. Capsomeric symmetry and structure 

B. Properties of genome 
I. Type of nucleic acid-DNA or RNA-and size 
2. Strandedness-single-stranded or double-stranded 
3. Linear or circular 
4. Sense-positive, negative, or ambisense 
5. Number of segments 
6. Size of genome or genome segments 
7. Presence or absence and type of 5'-terminal cap 
8. Presence or absence of 5' -terminal, covalently 

linked polypeptide 
9. Presence or absence of 3 '-terminal poly (A) tract 

10. Nucleotide sequence 
C. Properties of proteins 

I. Number of proteins 
2. Size of proteins 
3. Functional activities of proteins (especially virion 

transcriptase, virion reverse transcriptase, virion 
hemagglutinin, virion neuraminidase, virion fusion 
protein) 

4. Ainino acid sequence 
D. Replication 

I. Strategy of replication of nucleic acid 
2. Characteristics of transcription 
3. Characteristics of translation and posttranslational 

processing 
4. Site of accumulation of virion proteins, site of 

assembly, site of maturation and release 
5. Cytopathology, inclusion body formation 

E. Physical properties 
I. pH stability 
2. Thermal stability 
3. Cation (Mg++, Mn++) stability 
4. Solvent stability 
5. Detergent stability 
6. Radiation stability 

F. Biological properties 
I. Serologic relationships 
2. Host range, natural and experimental 
3. Pathogenicity, association with disease 
4. Tissue tropisms, pathology, histopathology 
5. Transmission 
6. Vector relationships 
7. Geographic distribution 

be placed in their appropriate family, and often in 
their appropriate genus, after visualization and mea
surement by negative-stain or thin-section electron 
microscopy. Because virion morphology is such a 
valuable summary characteristic in virus taxonomy, 
representative viruses of each of the 21 families (and 
some morphologically distinct genera) containing hu
man and animal pathogens are illustrated in this 
chapter. 
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Classification of Viruses on the Basis 
of Epidemiologic Criteria 

Separate from the formal universal taxonomic sys
tem and the formal and vernacular nomenclature that 
stems from it, there are other classifications of vi
ruses that are useful in clinical, epidemiological, and 
diagnostic settings. These are based upon virus tro
pisms and modes of transmission. Most viruses of 
humans and animals are transmitted by inhalation, 
ingestion, injection (including via arthropod bites), 
close contact (including sexual contact), or transpla
cental passage (White and Fenner, 1986). 

Enteric viruses are usually acquired by ingestion (fe
cal-oral transmission) and replicate primarily in 
the intestinal tract. The term is usually restricted 
to viruses that remain localized in the intestinal 
tract, rather than causing generalized infections. 
Enteric viruses are included in the families 
Reoviridae (genera Rotavirus and Reovirus), Cor
onaviridae, Picornaviridae (genus Enterovirus), 
Adenoviridae, and Caliciviridae. 

Respiratory viruses are usually acquired by inhala
tion (respiratory transmission) or by fomites 
(hand-to-nose/mouth/eye transmission) and repli
cate primarily in the respiratory tract. The term is 
usually restricted to viruses that remain localized 
in the respiratory tract, rather than causing gener
alized infections. Respiratory viruses are included 
in the families Orthomyxoviridae, Paramyxoviri
dae (genera Paramyxovirus and Pneumovirus) , 
Coronaviridae, Adenoviridae, and Picornaviridae 
(genus Rhinovirus). 

Arboviruses (from" arthropod-borne viruses") mul
tiply in their hematophagous (blood-feeding) ar
thropod hosts and are then transmitted by bite to a 
vertebrate host, in which virus multiplication pro
duces a viremia of sufficient magnitude to infect 
another blood-feeding arthropod. Thus, the cycle 
is perpetuated. Part of the cycle can be bypassed 
by the virus via vertical transmission, in which 
transovarial infection passes virus directly from 
one arthropod generation to the next. Arboviruses 
are included in the families Togaviridae, Flaviviri
dae, Bunyaviridae, Reoviridae (genus Orbivirus) , 
Rhabdoviridae, and the unnamed family contain
ing African swine fever virus. 

Oncogenic viruses are acquired by close contact (in
cluding sexual contact), injection, and by un
known means. The viruses usually infect only spe
cific target tissues, where they usually become 
persistent and may evoke transformation of host 
cells, which may in turn progress to malignancy. 
Viruses that have demonstrated the capacity to be 
oncogenic, in experimental animals or in nature 

(but not in all cases in hu.mans or domestic ani
mals), are included in the families Herpesviridae, 
Adenoviridae, Papovaviridae, Hepadnaviridae, 
and Retroviridae (subfamilies Oncovirinae and 
possibly Lentivirinae). 

The Place of Taxonomy in 
Diagnostic Virology 

"Differential Diagnosis" and 
"Rule-Out Diagnosis" 

Because the etiologic diagnosis of a viral disease usu
ally requires laboratory tests, two-way communica
tion is necessary between the clinician and the labo
ratory diagnostician. The clinician usually makes a 
preliminary diagnosis on the basis of four kinds of 
evidence: 1) Clinical features allow recognition with 
varying certainty in typical cases of many viral dis
eases (e.g., varicella exanthem and systemic disease, 
measles exanthem and systemic disease, paralytic 
poliomyelitis). 2) Epidemic behavior of a disease, in 
a typical population, may allow recognition (e.g., in
fluenza, arbovirus diseases such as dengue and yel
low fever, enterovirus exanthems). 3) Epidemiologic 
circumstances may indicate probable etiology (e.g., 
respiratory syncytial virus as the primary cause of 
croup and bronchiolitis in infants; hepatitis B or non
A, non-B viruses as the likely cause of hepatitis fol
lowing blood transfusion). 4) Organ involvement 
may suggest a probable etiology (e.g., mumps virus 
as the cause of parotitis, viruses in general as the 
cause of 80-90 percent of acute respiratory infec
tions) (Evans, 1982). 

Shortcomings in the predictive value of these 
kinds of evidence suggest that the laboratory diag
nostician as well as the clinician must appreciate the 
range of possible etiologic agents in particular dis
ease syndromes (McIntosh, 1985). There is value in 
initially assembling an inclusive "long list" of possi
ble etiologic agents, so that no candidate agent is 
overlooked. In most cases this is done informally, 
and the process is adjusted to the complexity of the 
case. In general, two forms of review of the "long 
list" are used-the approach of "differential diagno
sis" and that of "rule-out diagnosis." The difference 
between the two is small, involving only how the 
"long list" is handled. In "differential diagnosis," 
possible etiologies are listed in descending order of 
likelihood. In "rule-out diagnosis," only etiologies 
that are consistent with the data at hand are listed. In 
each case, the process of arriving at a diagnosis is 
dynamic, with increasing evidence leading to a short
ening of the list. There is no attempt to shorten the 



list arbitrarily nor to decide on the etiologic agent 
without confirmatory evidence. 

The universal system of virus taxonomy may be 
used as the source of the "long list" of candidate 
etiologic agents. The system serves to organize the 
"long list" logically, and because the system is com
prehensive, it is unlikely that known viruses will be 
overlooked. The kinds of evidence that serve to 
place an etiologic agent in its proper family and ge
nus should also playa major role in shortening the 
"differential diagnosis" or "rule-out diagnosis" list, 
and should in most cases provide the etiologic infor
mation needed to focus immunologic (serologic) 
identification techniques. For example, the "long 
list" of possible etiologies for a slowly progressive 
central nervous system disease would include many 
viruses that are difficult or impossible to cultivate. 
However, the identification by electron microscopy 
of spherical, 45-nm, non enveloped virions in the nu
clei of cells in a brain biopsy from a patient with such 
a disease would go far toward shortening the list 
to the family Papovaviridae, genus Polyoma virus, 
thereby suggesting a diagnosis of Je or SV 40, virus
induced, progressive multifocal leukoencephalop
athy. In this case, many viruses known to invade 
the brain and cause slowly progressive neurologic 
disease would be eliminated from the differential or 
rule-out diagnostic list; e.g., member viruses of the 
families Herpesviridae, Adenoviridae, Togaviridae, 
Flaviviridae, Paramyxoviridae, Rhabdoviridae, Bu
nyaviridae, Arenaviridae, Retroviridae, and Pi
cornaviridae. 
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Causal Relationship Between Virus 
and Disease 

One of the landmarks in the study of infectious dis
eases was the development of the Henle-Koch postu
lates of causation. They were originally drawn up for 
bacteria and protozoa, but were revised in 1937 by 
Rivers and again in 1976 by Evans in attempts to 
accommodate the special problem of proving disease 
causation by viruses (Evans, 1976) (Table 2). 

The problem is still difficult, especially when vi
ruses are considered as causative of chronic dis
eases, neoplastic diseases, and slowly progressive 
neurological diseases. Because most such diseases 
cannot be reproduced in experimental animals, virol
ogists have had to evaluate causation indirectly, via 
"guilt by association," an approach that relies to a 
large degree on epidemiologic data and patterns of 
serologic reactions in populations. The framework of 
virus taxonomy, again, plays a role, this time in help
ing to evaluate some of the critieria for causation. 
This is especially the case in evaluating the likeli
hood that particular kinds of viruses might be etio
logically, rather than coincidentally or opportunisti
cally, associated with a given disease. For example, 
very early in the investigation of the acquired im
munodeficiency syndrome (AIDS), when many kinds 
of viruses were being isolated from patients and 
many candidate etiologic agents were being ad
vanced publicly, several virologists working on the 
disease predicted that the etiologic agent would turn 
out to be a member of the family Retroviridae. This 

TABLE 2. Criteria for causation: a unified concept appropriate for viruses as causative agents, based on the 
Henle-Koch postulates (from Evans, 1976) 

1. Prevalence of the disease should be significantly higher in those exposed to the putative virus than in controls not so 
exposed. 

2. Incidence of the disease should be significantly higher in those exposed to the putative virus than in controls not so 
exposed (prospective studies). 

3. Exposure to the putative virus should be present more commonly in those with the disease than in controls without the 
disease. 

4. Temporally, the disease should follow exposure to the putative virus, with a distribution of incubation periods follow
ing a normal pattern. 

5. A spectrum of effects on hosts should follow exposure to the putative virus, presenting a logical biological gradient of 
responses, from mild to severe. 

6. A measurable host response, such as an antibody response, should follow exposure to the putative virus. In those 
individuals lacking prior experience, the response should appear regularly, and in those individuals with prior experi
ence, the response should be anamnestic. 

7. Experimental reproduction of the disease should follow deliberate exposure of animals or humans to the putative virus, 
but nonexposed controls should remain disease-free. Deliberate exposure may be in the laboratory or in the field, as 
with sentinel animals. 

8. Elimination of the putative virus or its vector should decrease the incidence of the disease. 
9. Prevention or modification of infection, via immunization or drugs, should decrease the incidence of the disease. 

10. "The whole thing should make biologic and epidemiologic sense." 
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prediction was based upon review of the biological 
and pathogenetic properties of member viruses of 
each family, the ruling out of most, and the recogni
tion of similarities between characteristics of the dis
eases caused by known retroviruses and the disease 
AIDS. This prediction guided some of the early ex
perimental approaches toward finding the etiologic 
agent. Later, after the discovery of the etiologic 
agent, human immunodeficiency virus (HIV), taxo
nomic considerations predicted its placement in the 
genus Lentivirus of the family Retroviridae. This tax
onomic prediction, in turn, has been guiding experi
mental design in many areas, including cell biology, 
diagnostics, and epidemiology. 

The Adequate Description of New Viruses 

Over the years, as thousands of viruses have been 
isolated from human and animal specimens, there 
have been many errors of duplication-that is, vi
ruses isolated in different laboratories have been 
given different names and the chance for coexistence 
in various virus lists (Murphy, 1983). Viruses have 
also been placed in the wrong lists-the most notable 
instance involving the emergence of the family 
Reoviridae (genus Reovirus) from the initial place
ment of its prototype members in the list of human 
enteroviruses. More recently, several named but se
rologically "ungrouped" viruses listed in the Inter
national Catalogue of Arboviruses (Karabatsos, 
1985) were found actually to be unrecognized iso
lates of Lassa virus and Rift Valley fever virus, vi
ruses that must be handled under maximum biocon
tainment conditions. The reasons for these and 
similar problems have been 1) the inadequate charac
terization and description of viruses by those who 
isolate them, and 2) the inadequate review of data by 
international specialty groups. The number of in
stances of such problems is declining, but because 
there are serious consequences, further attention is 
warranted. 

When an "unknown" is first worked on in the 
diagnostic laboratory, its initial characterization may 
involve only standardized protocols. That is, only a 
few characteristics may be determined as the lead-in 
for specific (usually serologic) identification proce
dures. Only when an "unknown" fails to yield to 
routine procedures is there a call for more extensive 
study. One key to simplifying and rationalizing such 
study is to set useful techniques into a proper se
quence based upon taxonomic characteristics. This 
sequence of procedures should include logical 
"short-cuts," so as to avoid the extra effort and ex
pense of "filling in all the boxes." The only situation 
in which there should be no "short-cuts" is in the 
characterization of a virus that may stand as the pro
totype of a new family or genus; otherwise, tech-

niques and the sequence for their use should be 
streamlined. For example, negative-stain electron 
microscopy represents a logical "short-cut" for the 
initial placement of unknowns that emerge from diag
nostic protocols. If an "unknown" is shown by elec
tron mkroscopy to be a rhabdovirus, what is the 
value of checking whether its genome is DNA or 
RNA, or whether it is sensitive to low pH or to sol
vents? What is the value of doing serology against 
other than the known rhabdoviruses (except perhaps 
in testing for the presence of contaminant viruses)? 
Comprehensive testing is the key to discovery of 
novel viruses (such as a hypothetical bullet-shaped 
virus with a double-stranded DNA genome!), but 

TABLE 3. Families containing human and animal viruses 

Dividing characteristics 

DNA Viruses 
dsDNA, enveloped 

dsDNA, nonenveloped 

ssDNA, nonenveloped 
RNA Viruses 

dsRNA, nonenveloped 

ssRNA, enveloped, 
no DNA step in replication, 

positive-sense genome 

negative-sense genome, 
nonsegmented genome 

negative-sense genome, 
segmented genome 

ambisense genome, 
segmented genome 

DNA step in replication, 
positive-sense genome, 

nonsegmented genome 
ssRNA, nonenveloped 

Virus family names 

Poxviridae 
Iridoviridae 
Herpesviridae 
Adenoviridae 
Papovaviridae 
Hepadnaviridae 
Parvoviridae 

Reoviridae 
Birnaviridae 

Togaviridae 
Flaviviridae 
Coronaviridae 

Paramyxoviridae 
Rhabdoviridae 
[Filoviridae ]a 

Orthomyxoviridae 

Bunyaviridae 
Arenaviridae 

Retroviridae 
Picornaviridae 
Caliciviridae 

a Brackets are used in this chapter to identify taxa and 
names that have not yet been approved by the ICTV. Ab
breviations and terms used: ds = double-stranded; ss = 

single-stranded; enveloped = possessing an outer lipid-con
taining bilayer partly derived from host cell membrane; pos
itive-sense genome = for RNA viruses, genome with se
quence the same as mRNA, = for DNA viruses, genomes 
with sequence analogous to mRNA; negative-sense genome 
= genome with sequence complementary to mRNA; ambi
sense genome = genome with some genes having positive 
and other genes having negative sense. 



"filling in the boxes" is so demanding of laboratory 
resources that it detracts from needed, focused stud
ies of viruses that do exhibit charcteristics of an un
usual nature. 

Assuring the adequacy of characterization and de
scription of new viruses is a particular responsibility 
of reference laboratories, international reference 
centers, international specialty groups, and culture 
collections. 

A Taxonomic Description of the 
Families of Viruses Containing Human 
and Animal Pathogens 

Of the more than 61 families of viruses recognized by 
the ICTV, 21 contain viruses that infect humans and 
animals (Table 3). Although the rest of this volume is 
concerned only with human viruses, families con
taining animal viruses that do not cause disease in 
humans are included here because there are frequent 
questions about such viruses infecting humans . An 
unresolved issue concerns the order of listing the 
virus families; this issue again points out the arbitrar
iness of weighting virion characteristics for taxo
nomic purposes (Matthews, 1983). The listing of the 
families containing human and animal viruses in Ta
ble 3 is in the order currently used by the ICTV 
(Matthews, 1982). The order is set by nucleic acid 
type; the presence or absence of an envelope; 
genome replication strategy; genome sense (positive, 
negative, or ambisense); and genome segmentation. 
An alphabetic listing of the common pathogenic vi
ruses of humans is also provided for cross-referenc
ing purposes (Table 4) . 

FIG. 1. Poxviridae, Chordopoxvirinae, Orthopoxvirus, vac
cinia (left), and Parapoxvirus, orf (right). Magnification 
x 55,000. (Micrographs provided by the courtesy of E. L. 
Palmer, M. L. Martin, A. K. Harrison, S. G. Whitfield, L. 
D. Pearson, T. Baker, E. H. Cook, C.-H. von Bonsdorff, J . 
Esposito, C. Smale, M. V. Nermut, C. Mebus, V. I. Heine, 
and F. x. Heinz .) 
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Poxviridae 

Family: Poxviridae (the poxviruses) (Matthews, 
1982) 

Subfamily: Chordopoxvirinae (the poxviruses of. 
vertebrates) 

Genus: Orthopoxvirus (vaccinia, smallpox) 
Genus: Parapoxvirus (orf) 
Genus: Avipoxvirus (fowlpox) 
Genus: Capripoxvirus (sheeppox) 
Genus: Leporipoxvirus (myxoma) 
Genus: Suipoxvirus (swinepox) 
Genus: [Yatapoxvirus] (yabapox and tanapox) 
Genus: [M olluscipoxvirus] (molluscum conta-

giosum) 
Subfamily: Entomopoxvirinae (the poxviruses of 

insects) 

CHARACTERISTICS 

Poxvirus virions are large, brick-shaped (or ovoid in 
the case of the genus Parapoxvirus), 300 to 450 x 170 
to 260 nm in size, with an external envelope, a com
plex coat of tubular structures, and an internal struc
ture made up of a DNA-containing core and one or 
two lateral bodies. The genome consists of a single 
molecule of dsDNA with covalently closed ends 
("hairpins" ), size 130 to 280 kbp. The viruses have 
more than 100 proteins and several enzymes (includ
ing a DNA-dependent DNA transcriptase and a 
DNA-dependent RNA polymerase). Little is known 
about poxvirus DNA replication. Initial transcription 
occurs within the virus core, leading to tq.e synthesis 
of early proteins, some of which lead to uncoating of 
viral DNA, allowing further transcription and DNA 
replication. Replication and assembly occur in cyto
plasm in viroplasm ("viral factories"), and virions 
are released by budding (enyeloped virions) or by 
cell destruction (nonenveloped virions). There is a 
common poxvirus group antigen (nucleoprotein anti
gen), and member viruses of the genus Orthopox
virus produce a non virion hemagglutinin. 

HUMAN PATHOGENS 

Orthopoxvirus: variola (smallpox, alastrim) virus, 
vaccinia virus, monkeypox virus, cowpox virus . 
Parapoxvirus: orf (contagious pustular dermatitis) 
virus, pseudocowpox (milker's nodule) virus. [Yata
poxvirus]: yabapox virus, tanapox virus, [Mollusci
poxvirus]: molluscum contagiosum virus. 

ANIMAL PATHOGENS 

Orthopoxvirus: cowpox virus, ectromelia (mouse
pox) virus, rabbitpox virus, monkeypox virus. Para
poxvirus: orf (contagious pustular dermatitis) virus, 
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TABLE 4. Important pathogenic viruses of humans 

Virus Family 

Adenovirus, human I to 43 Adenoviridae 
Astrovirus Unclassified 
B-virus (Cercopithecus herpesvirus) H erpe sviridae 
BK Papovaviridae 
Bunyamwera Bunyaviridae 
Bwamba Bunyaviridae 
California encephalitis Bunyaviridae 
Central European encephalitis Flaviviridae 
Chandipura Rhabdoviridae 
Chikungunya Togaviridae 
Colorado tick fever Reoviridae 
Coronavirus, human OC 43 and 229-E Coronaviridae 
Coronavirus, human enteric Coronaviridae 
Cowpox Poxviridae 
Coxsackie A 1 to 22, A 24 Picornaviridae 
Coxsackie B 1 to 6 Picornaviridae 
Creutzfeldt -Jakob Unclassified 
Crimean-Congo hemorrhagic fever Bunyaviridae 
Cytomegalovirus, human Herpesviridae 
Delta Unclassified 
Dengue 1 to 4 Flaviviridae 
Duvenhage Rhabdoviridae 
Eastern equine encephalitis Togaviridae 
Epstein-Barr Herpesviridae 
Ebola [Filoviridae 1 
Echovirus, human 1 to 9, 11 to 27, Picornaviridae 

29 to 34 
Enterovirus, human 68 to 71 Picornaviridae 
Hantaan (hemorrhagic fever with renal Bunyaviridae 

syndrome) 
Hepatitis A Picornaviridae 
Hepatitis B Hepadnaviridae 
Hepatitis, non-A, non-B Unclassified 
Herpes simplex 1 to 2 Herpesviridae 
Immunodeficiency virus, human Retroviridae 

(HIV = LAV, HTLV-III, ARV) 
Influenza A, B, and C Orthomyxoviridae 
Isfahan Rhabdoviridae 
JC Papovaviridae 
Japanese encephalitis Flaviviridae 
Junin (Argentine hemorrhagic fever) Arenaviridae 
Kemerovo Reoviridae 
Kuru Unclassified 
Kyasanur Forest Flaviviridae 
La Crosse Bunyaviridae 
Lassa Arenaviridae 
Louping-ill Flaviviridae 
Lymphocytic choriomeningitis Arenaviridae 
Machupo (Bolivian hemorrhagic fever) Arenaviridae 

pseudocowpox (milker's nodule) virus, bovine papu
lar stomatitis virus. Avipoxvirus: many specific bird 
poxviruses. Capripoxvirus: sheeppox virus, goatpox 
virus, lumpy skin disease virus (of cattle). Lepori-

Virus Family 

Marburg [Filoviridae 1 
Mayaro Togaviridae 
Measles Paramyxoviridae 
Mokola Rhabdoviridae 
Molluscum contagiosum Poxviridae 
Monkeypox Poxviridae 
Mumps Paramyxoviridae 
Murray Valley encephalitis Flaviviridae 
Norwalk (and related viruses) Unclassified 
O'nyong-nyong Togaviridae 
Omsk hemorrhagic fever Flaviviridae 
Orf (contagious pustular dermatitis) Poxviridae 
Oriboca Bunyaviridae 
Oropouche Bunyaviridae 
Orungo Reoviridae 
Papillomavirus, human 1 to 40 Papovaviridae 
Parainfluenza 1 to 4 Paramyxoviridae 
Parvovirus, human B 19 Parvoviridae 
Piry Rhabdoviridae 
Polio 1 to 3 Picornaviridae 
Pseudocowpox (milker's nodule) Poxviridae 
RA-l Parvoviridae 
Respiratory syncytial Paramyxoviridae 
Rabies Rhabdoviridae 
Rhinovirus, human 1 to 113 Picornaviridae 
Rift Valley fever Bunyaviridae 
Rocio Flaviviridae 
Ross River Togaviridae 
Rotavirus, human Reoviridae 
Rubella Togaviridae 
Russian spring-summer encephalitis Flaviviridae 
SV 40 Papovaviridae 
Sandfly fever-Naples Bunyaviridae 
Sandfly fever-Sicilian Bunyaviridae 
St. Louis encephalitis Flaviviridae 
T-lymphotropic 1, human (HTL V -I) Retroviridae 
T-lymphotropic 2, human (HTL V-II) Retroviridae 
Tahyna Bunyaviridae 
Tanapox Poxviridae 
Vaccinia Poxviridae 
Varicella-zoster Herpesviridae 
Variola Poxviridae 
Venezuelan equine encephalitis Togaviridae 
Vesicular stomatitis Rhabdoviridae 
West Nile Flaviviridae 
Western equine encephalitis Togaviridae 
Yabapox Poxviridae 
Yellow fever Flaviviridae 

poxvirus: myxoma virus (of rabbits), rabbit fibroma 
virus, hare fibroma virus, squirrel fibroma virus. 
Suipoxvirus: swinepox virus. Ungrouped: tanapox 
virus and yabapox virus (of monkeys). 



FIG. 2. African swine fever virus. Magnification x 150,000. 

Iridoviridae and the Unnamed Family 
for African Swine Fever Virus 

Family: Iridoviridae (the iridoviruses) (Mat
thews, 1982) 

Genus: Iridovirus (small iridescent insect vi
ruses) 

Genus: Chloriridovirus (large iridescent insect 
viruses) 

Genus: Ranavirus (frog viruses) 
Genus: Lymphocystivirus (lymphocystis vi

ruses-fish) 
[Family] : [unnamed] African swine fever virus 

(Brown, 1986) 

CHARACTERISTICS 

lridovirus and African swine fever virions consist of 
a lipid-containing envelope (missing on some insect 
viruses), surrounding a distinctly hexagonal icosahe
dral nucleocapsid. Overall virion diameter is 125 to 
300 nm (African swine fever virus is 175 to 215 nm). 
The genome consists of one molecule of dsDNA, 
size 150 to 350 kbp (African swine fever has a 
genome size of 150 kbp) . The viruses have more than 
20 structural proteins and several virion-associated 
enzymes. Little is known about viral DNA replica
tion and RNA transcription. Replication occurs in 
the cytoplasm (although the nucleus is needed for 
viral DNA synthesis), and virions are released by 
budding or cell destruction. Antibodies raised 
against African swine fever virus virions do not neu
tralize, but do react in binding assays. 

HUMAN PATHOGENS 

None known. 

ANIMAL PATHOGENS 

African swine fever virus and several frog viruses. 
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Herpesviridae 

Family: Herpesviridae (the herpesviruses) 
(Roizman et aI., 1982) 

Subfamily: Alphaherpesvirinae (the herpes sim
plex-like viruses) 

Genus: Simplexvirus (herpes simplex-like vi
ruses) 

Genus: [Varicellovirus] (varicella and pseudo
rabies-like viruses) 

Subfamily: Betaherpesvirinae (the cytomegalovi
ruses) 

Genus: Cytomegalovirus (human cytomegalo
viruses) 

Genus: [Muromegalovirus] (murine cytomega
loviruses) 

Subfamily: Gammaherpesvirinae (the lymphocyte
associated viruses) 

Genus: Lymphocryptovirus (EB-like viruses) 
Genus: [Thetalymphocryptovirus] (Marek's 

disease-like viruses) 
Genus: Rhadinovirus (saimiri-ateles-like vi

ruses) 

CHARACTERISTICS 

Herpesvirus virions consist of 1) an envelope with 
surface projections, 2) a tegument consisting of 
amorphous material, 3) an icosahedral nucleocapsid, 
100 nm in diameter with 162 prismatic capsomeres, 
and 4) a core consisting of a fibrillar spool on which 
the DNA is wrapped. Virus particles have an overall 
diameter of 150 to 200 nm. The genome consists of 
one molecule of dsDNA, size 120 to 220 kbp. Ge
nomic DNA contains terminal and internal reiterated 
sequences, usually forming two covalently linked 
components (L and S), arranged in five different pat
terns. Virions have more than 30 structural proteins, 
including, in some cases, an Fc receptor in their en
velope. DNA replication is complex, involving sev
eral viral enzymes in a rolling-circle mechanism. 
Transcription and translation are coordinately regu-

FIG. 3. Herpesviridae, Alphaherpesvirinae, Simplexvirus, 
herpes simplex I, enveloped (left), and naked capsids 
(right). Magnification x21O,OOO. 
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lated and sequentially ordered in a cascade with 
three major stages. Replication takes place in the 
nucleus, and capsids acquire their envelopes via bud
ding through the inner lamella of the nuclear enve
lope. Virions are released via transport across the 
cytoplasm in membranous vesicles, which then fuse 
with plasma membrane. Some herpesviruses induce 
neoplasia, and many or all persist for the lifetime of 
their natural host. 

HUMAN PATHOGENS 

Simplexvirus: herpes simplex virus 1 and 2, cerco
pithecine herpesvirus 1 (B-virus). [Varicellovirus]: 
varicella-zoster virus. Cytomegalovirus: human cy
tomegalovirus. Lymphocryptovirus: EB virus. 

ANIMAL PATHOGENS 

Simplexvirus: infectious bovine rhinotracheitis virus, 
bovine mammillitis virus, cercopithecine herpes
viruses 1 (B-virus) and 2. [Varicellovirus]: pseudora
bies virus (of swine), equine rhinopneumonitis and 
coital exanthema viruses. [Muromegalovirus]: mu
rine cytomegalovirus. Lymphocryptovirus: baboon 
herpesvirus, pongine (chimpanzee) herpesvirus. 
[Thetalymphocryptovirus]: Marek's disease herpes
virus (of fowl), turkey herpesvirus. Rhadinovirus: 
herpesvirus ateles, herpesvirus saimiri. Hundreds of 
other herpesviruses are associated with diseases of 
animals; most of these have not yet been assigned to 
subfamilies or genera. 

Adenoviridae 

Family: Adenoviridae (the adenoviruses) (Wi
gand et ai., 1982) 

Genus: Mastadenovirus (mammalian adeno
viruses) 

[Subgenus]: A (h 12, h 18, h 31) 
[Subgenus]: B (h 3, h 7, h 11, h 14, h 16, h 21, h 34, 

h 35) 
[Subgenus]: C (h 1, h 2, h 5, h 6) 
[Subgenus]: D (h 8, h 9, h 10, h 13, h 15, h 17, h 19, 

h 22, h 23, h 24, h 26, h 27, h 29, h 30, 
h 32, h 33, h 36, h 37) 

[Subgenus]: E (h 4) 
[Subgenera]: [unnamed, for animal adenoviruses] 

Genus: Aviadenovirus (avian adenoviruses) 

CHARACTERISTICS 

Adenovirus virions are nonenveloped, have icosahe
dral symmetry, and are 70 to 90 nm in diameter. 
Virions have 252 capsomeres; of these, the 12 vertex 
capsomeres (penton bases) have fiber projections 
that carry major species-specific and minor subge-

FIG. 4. Adenoviridae, Mastadenovirus, h5 (human adeno
virus type 5). Magnification x260,OOO. (Human adenovi
ruses are designated by the letter h, followed by serial num
bers. Mammalian and avian adenoviruses are designated by 
a three-letter code for their host genus, followed by serial 
numbers. Subgenera have only been established for human 
adenoviruses.) 

nus-specific epitopes, and the 240 nonvertex cap
somes (hexons) carry major genus and SUbgenus-spe
cific and minor species-specific epitopes. The 
genome consists of one molecule of dsDNA, size 36 
to 38 kbp. The viruses have at least 10 structural 
proteins. DNA replication is complex and distinct 
from that of other viruses; it involves covalently 
bound proteins at the ends of the DNA and circulari
zation. Transcription is also complex, involving 
early and late genes distributed randomly along both 
strands of the DNA. Replication and assembly occur 
in the nucleus, and virions are released via cell de
struction. Most adenoviruses have a very narrow 
host range. Several of the viruses cause tumors in 
newborns of heterologous species. 

HUMAN PATHOGENS 

Mastadenovirus: h 1 to h 43. 

ANIMAL PATHOGENS 

Mastadenovirus: equ 1 (equine adenovirus), can 1 
(infectious canine hepatitis), can 2 (canine adeno
virus 2). Many other adenoviruses of mammals and 
birds are pathogenic. 

Papovaviridae 

Family: Papovaviridae (the papovaviruses) (Mel
nick et ai., 1974) 

Genus: Papilloma virus (papillomaviruses) 
Genus: Polyoma virus (polyomaviruses) 

CHARACTERISTICS 

Papovavirus virions are nonenveloped, have ico
sahedral symmetry, and are 45 nm (polyomaviruses) 



FIG. 5. Papovaviridae, Papillomavirus, human papilloma
virus (untyped). Magnification x 150,000. 

or 55 nm (papillomaviruses) in diameter. Virions 
have 72 capsomeres in a skewed (T = 7) arrange
ment. The genome consists of one molecule of circu
lar dsDNA, size 5 kbp (polyomaviruses) or 8 kbp 
(papillomaviruses). The genome may persist in in
fected cells in an integrated form (polyomaviruses) 
or in an episomal form (papilloma viruses) . The vi
ruses have 5 to 7 structural proteins. DNA replica
tion starts at a fixed point on the genome, which 
remains in circular configuration throughout the pro
cess. Transcription is complex, with early and late 
phases, involving both DNA strands. There is 
mRNA splicing and overlapping translation. Replica
tion and assembly occur in the nucleus, and virions 
are released via cell destruction. Most of the viruses 
have a narrow host range. Host cell transformation 
and oncogenesis in experimentally inoculated ani
mals are characteristic of particular viruses. 

HUMAN PATHOGENS 

Papillomavirus: human papillomaviruses (HPV) I to 
46 (particular viruses are the cause of papillomas at 
different sites; HPV 6, II, 16, and 18 are associated 
with genital condylomas and cervical carcinoma). 
Polyoma virus: Je, SV 40 (progressive multifocal 
leukoencephalopathy), BK (kidney infection and 
mild respiratory disease). 

ANIMAL PATHOGENS 

Papillomavirus: Shope papillomavirus (of rabbit), 
bovine papillomaviruses, and papillomaviruses of 
many animal species. Polyomavirus: SV 40 (from 
rhesus monkey) and several other polyomaviruses 
are oncogenic in many experimentally inoculated an
imals. 

Hepadnaviridae 

Family: Hepadnaviridae (the hepatitis B-like vi
ruses) (Gust et aI., 1986) 

Genus: Hepadnavirus (hepatitis B-like viruses) 
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CHARACTERISTICS 

Hepadnavirus virions consist of a lipid-containing 
envelope (containing hepatitis B surface antigen 
[HBsAg]) surrounding a nucleocapsid (containing 
hepatitis B core antigen [HBcAg]). Virions are 42 nm 
(the Dane particle) and nUcleocapsids are 18 nm in 
diameter. The genome consists of one molecule of 
DNA, which is circular, nicked, and mainly double
stranded, with a large, single-stranded gap, size 3.2 
kbp when fully double-stranded. Virions have two 
major polypeptides making up the HBsAg, a single 
polypeptide making up the HBcAg, and there are 
other important structural polypeptides (HBeAg). 
DNA replication involves repair of the single
standed gap, conversion to a supercoiled helix , and 
transcription oftwo classes of RNA, mRNA for pro
tein synthesis and genomic RNA, which is tran
scribed in turn by a virus-specific reverse transcrip
tase to make genomic DNA. Replication in 
hepatocytes takes place in the nucleus (with HBcAg 
accumulation); HBsAg production occurs in the cy
toplasm in massive amounts and is formed into 22-
nm HBsAg particles, which are shed into the blood
stream, producing antigenemia. Persistence is 
common and is associated with chronic disease and 
neoplasia. 

HUMAN PATHOGENS 

Hepadnavirus: hepatitis B virus. 

ANIMAL PATHOGENS 

Hepadnavirus: hepatitis B-like viruses of Eastern 
woodchuck (Marmota monax), ground squirrel 
(Spermophilus beecheyi), red-bellied squirrel (Callo
sciurus erythracus), and Pekin duck (Anas domesti
cus). 

FIG. 6. Hepadnaviridae, Hepadnavirus, hepatitis B. Mag
nification x 250,000. 
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Parvoviridae 

Family: Parvoviridae (the parvoviruses) (Siegl et 
al., 1985) 

Genus: Parvovirus (parvoviruses of mammals and 
birds) 

Genus: Dependovirus (adeno-associated viruses
AAVs) 

Genus: Densovirus (insect parvoviruses) 

CHARACTERISTICS 

Parvovirus virions are nonenveloped, have icosahe
dral symmetry, and are 18 to 26 nm in diameter. 
Virions have 32 capsomeres in aT = 3 arrangement. 
The genome consists of one molecule of ssDNA, size 
5 kb. Viruses of the genus Parvovirus preferentially 
encapsidate negative-sense DNA, whereas members 
of the other two genera encapsidate positive- and 
negative-sense DNA equally. The viruses have three 
major polypeptides. DNA replication is complex, in
volving the formation of a hairpin structure; exten
sion to form a complete double-stranded, intermedi
ate, endonuclease cleavage; and repetition of these 
cycles. Replication and assembly take place in the 
nucleus; replication requires host cell functions of 
the late S phase of the cell division cycle. Virions are 
very stable (pH, heat). The viruses have narrow host 
ranges. 

HUMAN PATHOGENS 

Parvovirus: human parvovirus B19 (aplastic criilis in 
hemolytic anemias; erythema infectiosum-fifth dis
ease). A parvovirus, RA-l, has recently been associ
ated with rheumatoid arthritis. Norwalk virus and 
related viruses that cause gastroenteritis may be par
voviruses. 

FIG. 7. Parvoviridae, Parvovirus, H-1. Magnification 
x 190,000. 

ANIMAL PATHOGENS 

Parvovirus: feline panleukopenia virus, canine par
vovirus, mink enteritis virus, Aleutian mink disease 
virus, bovine parvovirus, goose parvovirus, porcine 
parvovirus, minute virus of mice, and other murine 
parvoviruses. 

Reoviridae 

Family: Reoviridae (the reoviruses) (Matthews, 
1982) 

Genus: Reovirus (reoviruses of humans and ani-
mals) 

Genus: Orbivirus (orbiviruses) 
Genus: Rotavirus (rotaviruses) 
Genus: Phytoreovirus (plant reovirus subgroup 1) 
Genus: Fijivirus (plant reovirus subgroup 2) 
Genus: Cypovirus (cytoplasmic polyhedrosis vi-

ruses) 
[Genus]: [proposed, for Colorado tick fever virus] 

FIG. 8. Reoviridae, Reovirus, reovirus 2 (top); Rotavirus, 
human rotavirus (middle); Orbivirus, bluetongue II (bot
tom). Magnification x 150,000 (top and middle); Magnifica
tion x 270,000 (bottom). 



CHARACTERISTICS 

Viruses of each genus differ in morphologic and 
physicochemical details. In general, virions are non
enveloped, have two nucleocapsid shells, each with 
icosahedral symmetry, and have a diameter of 60 to 
80 nm. The genome is linear dsRNA and divided into 
10 (genus Reovirus and Orbivirus), 11 (genus Ro
tavirus), or 12 (Colorado tick fever virus) segments, 
size 22 (total genome; genus Reovirus), 18 (genus 
Orbivirus), 16 to 21 (genus Rotavirus), or 27 (Colo
rado tick fever virus) kbp. The viruses have 10 to 12 
structural polypeptides; viruses carry a transcriptase 
and other enzymes. RNA replication is coordinated 
with translation: each genome segment is transcribed 
into mRNA; some molecules are used in translation, 
others are assembled into virion precursors, where 
they serve as templates for double-stranded RNA 
synthesis. Replication and assembly take place in cy
toplasm, often in association with granular or fibrillar 
inclusion bodies. Rotaviruses and reoviruses are 
spread by direct contact (fecal-oral transmission) and 
fomites; orbiviruses and Colorado tick fever virus 
are transmitted via arthropods. 

HUMAN PATHOGENS 

Reovirus: reoviruses 1, 2, and 3 have been isolated 
from humans, but a causative relationship to illness 
has not been proven. Orbivirus: Orungo virus (febrile 
illness in Nigeria and Uganda), Kemerovo virus (feb
rile illness in USSR and Egypt). Rotavirus: human 
rotaviruses. Proposed genus: Colorado tick fever 
virus. 

ANIMAL PATHOGENS 

Reovirus: reo viruses 1, 2, and 3 (mice and other spe
cies). Orbivirus: bluetongue viruses, African horse
sickness viruses, epizootic hemorrhagic disease of 
deer viruses, and other viruses affecting various ani
mal species. Rotavirus: rotaviruses are important 
causes of diarrhea in most animal species. 

Birnaviridae 

Family: Birnaviridae (the 2-segment dsRNA vi
ruses) (Matthews, 1982) 

Genus: Birnavirus (2-segment dsRNA viruses) 

CHARACTERISTICS 

Birnavirus virions are noneveloped, have icosahe
dral symmetry, and are 60 nm in diameter. Virions 
have 92 capsomeres in a T = 9 arrangement. The 
genome consists of two segments of linear dsRNA, 
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FIG. 9. Birnaviridae, Birnavirus, infectious bursal disease. 
Magnification x 270,000. 

size 7 kbp (total genome). The viruses have four ma
jor structural polypeptides including a transcriptase. 
RNA replication has not been studied in detail. Rep
lication and assembly take place in cytoplasm, and 
virus release occurs via cell destruction. 

HUMAN PATHOGENS 

None known. 

ANIMAL PATHOGENS 

Birnavirus: infectious bursal disease virus of chick
ens, infectious pancreatic necrosis virus of fish. 

Togaviridae 

Family: Togaviridae (the togaviruses) (Porterfield 
et aI., 1978) 

Genus: Alphavirus ("group A" arboviruses) 
Genus: Rubivirus (rubella virus) 
Genus: Pestivirus (mucosal disease viruses) 
Genus: Arterivirus (equine arteritis virus) 

FIG. 10. Togaviridae, Rubivirus, rubella. Magnification 
x 150,000. 
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CHARACTERISTICS 

Togavirus virions consist of a lipid-containing enve
lope, with fine peplomers, surrounding a nucleocap
sid with icosahedral symmetry. Virions are 60 to 70 
nm in diameter. The genome consists of one mole
cule of positive-sense, infectious, ssRNA, size 12 kb. 
The viruses have 3 to 4 major structural polypep
tides, 1 or 2 of which are glycosylated. Some of the 
viruses exhibit pH-dependent hemagglutinating ac
tivity. RNA replication involves the synthesis of a 
complementary negative strand, which serves as 
template for genomic RNA synthesis. In al
phaviruses, a subgenomic mRNA is synthesized in 
excess, from which a viral polyprotein is translated 
and cleaved into the structural proteins. Replication 
takes place in cytoplasm, and assembly involves 
budding through host cell membranes. All al
phaviruses, but not rubella or the pestiviruses, repli
cate in arthropods as well as in vertebrates. 

HUMAN PATHOGENS 

Alphavirus: eastern equine encephalitis virus, west
ern equine encephalitis virus, Venezuelan equine en
cephalitis virus, chikungunya virus, o'nyong-nyong 
virus, Ross River virus, Mayaro virus. Rubivirus: 
rubella virus. 

ANIMAL PATHOGENS 

Alphavirus: eastern equine encephalitis virus, west
ern equine encephalitis virus, Venezuelan equine en
cephalitis virus. Pestivirus: mucosal disease virus 
(bovine virus diarrhea virus), hog cholera virus, bor
der disease virus of sheep. Arterivirus: equine arteri
tis virus. Ungrouped: lactic dehydrogenase virus of 
mice. 

Flaviviridae 

FIG. II. Flaviviridae. Flavivirus. tick-borne encephalitis. 
Magnification x 140,000. 

mentary negative-stranded intermediate that serves 
as template for the synthesis of genomic RNA. The 
genomic RNA also serves as mRNA, having one 
long open reading frame for the translation of a poly
protein which is cleaved into all viral proteins. Repli
cation takes places in cytoplasm, and assembly in
volves passage through host cell membranes, at 
which time virions become enveloped by an un
known process. Most fiaviviruses replicate in arthro
pods as well as in vertebrates. 

HUMAN PATHOGENS 

Flavivirus: yellow fever virus, dengue viruses, West 
Nile virus, St. Louis encephalitis virus, Japanese en
cephalitis virus, Murray Valley encephalitis virus, 
Rocio virus, tick-borne encephalitis viruses, and 
others. 

ANIMAL PATHOGENS 

Flavivirus: yellow fever virus, Japanese encephalitis 
virus, tick-borne encephalitis viruses, Wesselsbron 
virus. Ungrouped: simian hemorrhagic fever virus. 

Family: Flaviviridae (the "group B" arboviruses) 
(Westaway et aI., 1985) 

Genus: Flavivirus ("group B" arboviruses) Coronaviridae 

CHARACTERISTICS 

Flavivirus virions consist of a lipid-containing enve
lope, with fine peplomers, surrounding a spherical 
nucleocapsid with unknown symmetry. Virions are 
40 to 50 nm in diameter. The genome consists of one 
molecule of positive-sense, infectious, ssRNA, size 
10 kb. The viruses have three major structural poly
peptides, one of which is glycosylated. The viruses 
exhibit pH-dependent hemagglutinating activity. 
RNA replication involves the synthesis of a comple-

Family: Coronaviridae (the coronaviruses) (Siddell 
et aI., 1983) 

Genus: Corona virus (coronaviruses of mammals 
and birds) 

CHARACTERISTICS 

Coronavirus virions consist of a pleomorphic lipid
containing envelope, with large club-shaped peplo
mers, within which is coiled a helical nucleocapsid 
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FIG. 12. Coronaviridae, Coronavirus, human coronavirus 
OC 43. Magnification x200,OOO. 

with a diameter of 10 to 20 nm. Virions have a diame
ter of 80 to 160 nm. The genome consists of one 
molecule of positive-sense, infectious, ssRNA, size 
16 to 21 kb. The viruses have three major structural 
polypeptides, two of which are glycosylated. RNA 
replication involves the synthesis of a negative
stranded template for the synthesis of genomic RNA, 
but coordinated with this is the synthesis of six 
mRNA species that represent a nested set of se
quences-with the sequence of each RNA contained 
in the 3' end of each larger RNA species. Replication 
takes place in cytoplasm, and assembly involves 
budding, usually through intracytoplasmic mem
branes; release occurs via membrane fusion and ex
ocytosis and by cell destruction. 

HUMAN PATHOGENS 

Coronavirus: human coronaviruses 229-E and OC43 
(common cold, upper respiratory tract infection, 
probably pneumonia, and possibly gastroenteritis). 
Human enteric coronavirus (probably diarrhea). 

ANIMAL PATHOGENS 

Corona virus : infectious bronchitis virus of fowl, 
transmissible gastroenteritis virus of swine, hemag
glutinating encephalomyelitis virus of swine, turkey 
bluecomb virus, calf coronavirus (neonatal diar
rhea), feline infectious peritonitis virus. 

Paramyxoviridae 

Family: Paramyxoviridae (the paramyxoviruses) 
(Kingsbury et al., 1978) 

Genus: Paramyxovirus (paramyxoviruses) 
Genus: Morbillivirus (measles-like viruses) 
Genus: Pneumovirus (respiratory syncytial viruses) 
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FIG. 13. Paramyxoviridae, Paramyxovirus, human parain
fluenza 1. Magnification x 80,000. 

CHARACTERISTICS 

Paramyxovirus virions consist of a pleomorphic 
lipid-containing envelope, with large peplomers, 
within which is coiled a helical nucleocapsid with a 
diameter of 18 nm (genera Para myxovirus and Mor
billivirus) or 12 to 15 nm (genus Pneumovirus). Vi
rions are 150 to 300 nm in diameter. The genome 
consists of one molecule of negative-sense ssRNA, 
size 16 to 20 kb (some virus particles contain a posi
tive-sense RNA strand). The viruses have 6 to 10 
major polypeptides including a transcriptase. The 
surface glycoproteins of some viruses have neur
aminidase activity (genus Para myxovirus) , hemag
glutinating activity (genera Paramyxovirus and Mor
billivirus) , and fusion activity (all genera). 
Hemagglutinating and fusion activities are based in 
separate surface proteins (HN or HA, and F pro
teins). RNA replication first involves mRNA tran
scription from the genomic RNA via a virion 
transcriptase; later, with the protein products ofthis 
transcription, there is production offull-Iength, posi
tive-stranded template, which in turn is used for the 
synthesis of genomic RNA. Replication takes place 
in cytoplasm, and assembly occurs via budding upon 
plasma membrane. Viruses have a narrow host 
range. Morbilliviruses may cause persistent infec
tions. 

HUMAN PATHOGENS 

Paramyxovirus: parainfluenza 1, 2, 3, 4 viruses (up
per respiratory disease, bronchitislbronchiolitis, 
pneumonia), mumps virus. Morbillivirus: measles vi
rus. Pneumovirus: respiratory syncytial virus. 

ANIMAL PATHOGENS 

Paramyxovirus: Newcastle disease virus, para
influenza 1 virus (Sendai virus of mice), par
ainfluenza 3 virus (cattle). These and the other para
influenza viruses cause respiratory disease in other 
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animals and birds. Morbillivirus: rinderpest virus of 
cattle, canine distemper virus, peste-des-petits-rumi
nants virus of sheep and goats. Pneumovirus: bovine 
respiratory syncytial virus, pneumonia virus of mice. 

Rhabdoviridae 

Family: Rhabdoviridae (the rhabdoviruses) 
(Brown et aI., 1979) 

Genus: 

Genus: 
[Genera]: 

Vesiculovirus (vesicular stomatitis-like 
viruses) 
Lyssavirus (rabies-like viruses) 
[proposed, for the many ungrouped rhab
doviruses of mammals, birds, fish, ar
thropods, and plants] 

CHARACTERISTICS 

Rhabdovirus virions are bullet-shaped (plant rhab
doviruses are often bacilliform), 70 to 85 nm in diam
eter and 130 to 380 nm long (most common length is 
180 nm). Virions consist of a lipid-containing enve
lope, with large peplomers, within which a helical 
nucleocapsid is coiled into a precise cylindrical 
structure. The genome consists of one molecule of 
negative-sense ssRNA, size 13 to 16 kb. The viruses 
have 4 to 5 major polypeptides including a transcrip
tase. Some viruses exhibit hemagglutinating activity 
via the peplomer glycoprotein (G). Serologic cross
reactions involve primarily the nUcleoprotein (N). 
RNA replication first involves mRNA transcription 
from the genomic RNA via a virion transcriptase; 
later, with the protein products of this transcription, 
there is production of full-length, positive-stranded 
template, which in turn is used for the synthesis of 
genomic RNA. Replication takes place in cytoplasm, 
and assembly occurs via budding upon plasma (ve
sicular stomatitis viruses) or intracytoplasmic (rabies 

FIG. 14. Rhabdoviridae, Lyssavirus, rabies (left); Vesicu
lovirus, vesicular stomatitis-Indiana (right). Magnification 
x240,000. 

viruses) membranes. Many of the viruses replicate in 
and are transmitted by arthropods; rabies virus is 
transmitted between mammals by bite. 

HUMAN PATHOGENS 

Vesiculovirus: vesicular stomatitis-Indiana, -New 
Jersey, -Cocal viruses, Chandipura virus, Piry virus, 
Isfahan virus. Lyssavirus: rabies virus, Mokola vi
rus, Duvenhage virus. 

ANIMAL PATHOGENS 

Vesiculovirus: vesicular stomatitis-Indiana, -New 
Jersey, -Cocal, -Alagoas viruses, Chandipura virus, 
Piry virus, Isfahan virus. Lyssavirus: rabies virus, 
Mokola virus, Duvenhage virus, Lagos bat virus, 
Kotonkan virus, Obodhiang virus. Ungrouped: bo
vine ephemeral fever virus, Egtved and infectious 
hematopoietic necrosis virus of fish. 

Filoviridae 

Family: [Filoviridae] (Marburg and Ebola viruses) 
(Kiley et aI., 1982) 

Genus: [Filovirus] (Marburg and Ebola viruses) 

CHARACTERISTICS 

Marburg and Ebola virions appear as long filament
ous forms, sometimes with branching, and some
times as "u" -shaped, "6" -shaped or circular forms. 
Virions have a uniform diameter of 80 nm and vary 
greatly in length (up to 14,000 nm). The infectious 
virion unit length is 790 nm (Marburg virus) or 970 
nm (Ebola virus). Virions consist of a lipid-contain
ing envelope, with large peplomers, surrounding a 
rather rigid helical nucleocapsid. The genome con
sists of one molecule of negative-sense ssRNA, size 

FIG. 15. [Filoviridae), [Filovirus), Ebola. Magnification 
x 66,000. 



12.7 kb. The viruses have 5 major polypeptides. 
RNA replication has not been studied in detail. Rep
lication takes place in the cytoplasm, and assembly 
involves envelopment via budding of preformed nu
cleocapsids. Marburg and Ebola viruses are "Biosa
fety Level 4" pathogens; they must be handled in the 
laboratory under maximum containment conditions. 

HUMAN PATHOGENS 

[Filovirus]: Marburg and Ebola viruses. 

ANIMAL PATHOGENS 

[Filovirus]: Marburg and Ebola viruses (experimen
tal disease in monkeys, guinea pigs, hamsters, and 
mice). 

Orthomyxoviridae 

Family: 

Genus: 
[Genus]: 

Orthomyxoviridae (the influenza viruses) 
(Dowdle et aI., 1975) 
Injiuenzavirus (influenza A and B viruses) 
[unnamed] (influenza C virus) 

CHARACTERISTICS 

Orthomyxovirus virions consist of a pleomorphic 
lipid-containing envelope, with large peplomers, 
within which is a helical nucleocapsid (arrangement 
uncertain) with a diameter of 9 to 15 nm. Virions are 
90 to 120 nm in diameter, but may be filamentous 
with lengths up to several micrometers. The genome 
consists of 7 (influenzavirus C) or 8 (influenzaviruses 
A and B) segments of linear, negative-sense ssRNA, 
size 13.6 kb (total genome). The viruses have 7 to 9 
major polypeptides including a transcriptase and a 
neuraminidase (NA). The viruses exhibit hemaggluti
nating activity via one peplomer glycoprotein com-
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FIG. 16. Orthomyxoviridae, Injiuenzavirus, influenza A. 
Magnification x 150,000. 
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plex (HAI-HA2). RNA replication involves a pri
mary mRNA transcription from each segment of the 
genomic RNA via a virion transcriptase; later, with 
the protein products of this transcription, there is 
production of full-length, complementary RNA for 
each segment, each of which in turn is used as tem
plate for the synthesis of genomic RNA segments. 
Replication takes place in the nucleus (N protein ac
cumulation) and cytoplasm, and assembly occurs via 
budding upon plasma membrane. The viruses can 
reassort genes during mixed infections. 

HUMAN PATHOGENS 

Injiuenzavirus: influenza A, B, and C viruses. 

ANIMAL PATHOGENS 

Injiuenzavirus: influenza A viruses infect swine, 
horses, seals, fowl, and many other species of birds. 
Unnamed genus: influenza C virus infects swine. 

Bunyaviridae 

Family: Bunyaviridae (the bunyaviruses) (Bishop 
etal.,1980) 

Genus: 
Genus: 
Genus: 

Genus: 
[Genus]: 

Bunyavirus (Bunyamwera supergroup) 
Phlebovirus (sandfly fever viruses) 
Nairovirus (Nairobi sheep disease-like vi
ruses) 
Uukuvirus (Uukuniemi-like viruses) 
[Hantavirus] (hemorrhagic fever with re
nal syndrome viruses) 

CHARACTERISTICS 

Bunyavirus virions consist of a lipid-containing en
velope, with fine peplomers, within which are three 
loosely helical, circular, nucleocapsid structures 

FIG. 17. Bunyaviridae, Bunyavirus, LaCrosse. Magnifica
tion x 130,000 . 
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with a diameter of 2 to 2.5 nm. Virions are 90 to 120 
nm in diameter. The genome consists of 3 molecules 
of "circular" (ends hydrogen-bonded), negative
sense and in the genus PhleboiJirus ambisense 
ssRNA, size 13.5 to 21 kb (total genome). The vi
ruses have 4 major polypeptides including a 
transcriptase. The viruses exhibit hemagglutinating 
activity via one of the two peplomer glycoproteins. 
RNA replication involves a primary transcription of 
mRNA from each segment ofthe genomic RNA via a 
virion transcriptase; later, with the protein products 
of this transcription, there is production of full
length, complementary RNA for each segment, each 
of which in turn is used as template for the synthesis 
of genomic RNA segments. Replication takes place 
in the cytoplasm, and assembly occurs via budding 
upon smooth membranes of the Golgi system. 
Closely related viruses can reassort genes during 
mixed infections. 

HUMAN PATHOGENS 

Bunyavirus: Bunyamwera virus, Bwamba virus, Ori
boca virus, Oropouche virus, Guama virus, Califor
nia encephalitis virus, LaCrosse virus, Tahyna virus. 
Phlebovirus: sandfly fever-Naples virus, sandfly 
fever-Sicilian virus, Rift Valley fever virus. 
Nairovirus: Crimean-Congo hemorrhagic fever vi
rus. Hantavirus: Hantaan virus (Korean hemor
rhagic fever, hemorrhagic fever with renal syn
drome, nephropathia epidemica) 

ANIMAL PATHOGENS 

Phlebovirus: Rift Valley fever virus. Nairovirus: 
Nairobi sheep disease virus. 

Arenaviridae 

Family: Arenaviridae (the arenaviruses) (Pfau et 
aI., 1974) 

Genus: Arenavirus (arenaviruses) 

FIG. 18. Arenaviridae, Arenavirus, lymphocytic chorio
meningitis (left); Tacaribe (right). Magnification x 250,000. 

CHARACTERISTICS 

Arenavirus virions consist of a pleomorphic lipid
containing envelope, with large peplomers, within 
which are two loosely helical, circular, nucleocapsid 
structures and a variable number of ribosome parti
cles. Virions are 50 to 300 nm (mean 110 to 130 nm) 
in diameter. The genome consists of two molecules 
of "circular" (ends hydrogen-bonded), negative and 
ambisense ssRNA, size 10 to 14 kb (total genome). 
The viruses have 3 major polypeptides including a 
transcriptase. Peplomer glycoproteins are involved 
in type-specific serologic reactivity, and the nucleo
protein is responsible for cross-reactivities. RNA 
replication involves a primary transcription of 
mRNA from each segment of the genomic RNA via a 
virion transcriptase; later, with the protein products 
of this transcription, there is production of full
length, complementary RNA for each segment, each 
of which in turn is used as template for the synthesis 
of genomic RNA segments. Replication takes place 
in cyptoplasm, and assembly occurs via budding 
from plasma membrane. The human pathogens, 
Lassa, Machupo, and Junin viruses, are "biosafety 
level 4" pathogens and can be worked with in the 
laboratory only under maximum containment condi
tions. 

HUMAN PATHOGENS 

Arenavirus: lymphocytic choriomeningitis (LCM) vi
rus, Lassa virus, Machupo virus (Bolivian hemor
rhagic fever), Junin virus (Argentine hemorrhagic 
fever). 

ANIMAL PATHOGENS 

Arenavirus: LCM virus of mice and hamsters. 

Retroviridae 

Family: Retroviridae (the retroviruses) (Vogt, 
1976; Matthews, 1982) 

Subfamily: Oncovirinae (the RNA tumor viruses) 
Genus: [unnamed] (type C oncoviruses) 

Subgenus: [unnamed] (mammalian type C onco
viruses) 

Subgenus: [unnamed] (avian type C oncoviruses) 
Subgenus: [unnamed] (reptilian type C onco

viruses) 
Genus: [unnamed] (type B oncoviruses) 

[Genus]: [unnamed] (type D oncoviruses) 
Subfamily: Spumavirinae (the foamy viruses) 

Genus: Spumavirus (foamy viruses) 
Subfamily: Lentivirinae (the Maedilvisna-like vi

ruses) 
Genus: Lentivirus (Maedi/visna-like viruses) 



FIG. 19. Retroviridae, Oncovirinae, [unnamed genus, type 
B oncovirusl mouse mammary tumor (B-particle) (left); 
[unnamed genus, type C oncovirusl Rauscher murine leuke
mia (C-particle) (right). Magnification x 150,000 (left); Mag
nification x 120,000 (right). 

CHARACTERISTICS 

Retrovirus virions consist of a lipid-containing enve
lope, with peplomers, surrounding an icosahedral 
capsid which in turn contains a probably helical nu
cleocapsid. Virions are 80 to 130 nm in diameter. The 
genome consists of two identical molecules of posi
tive-sense ssRNA, bound noncovalently; each RNA 
subunit is 3.5 to 9 kb in size, depending on the virus. 
The viruses have 7 major polypeptides, including a 
reverse transcriptase. Peplomer glycoproteins con
tain type-specific epitopes, and internal proteins ex
press cross-reactive epitopes. RNA replication is 
unique: genomic RNA serves as template for the 
synthesis of viral DNA via the action of virion re
verse transcriptase; this is followed by digestion of 
the RNA strand from the DNA/RNA hybrid, and 
synthesis of complementary DNA. This DNA is cir
cularized, integrated into the host DNA, and then 
used for transcription, including transcription offull
length genomic RNA species. Virion assembly oc
curs via budding upon plasma membranes. Most of 
the viruses are oncogenic, causing leukemias, lym
phomas, carcinomas, and sarcomas. 

HUMAN PATHOGENS 

Oncovirinae [type C oncovirus]: human T-Iympho
tropic virus 1 (HTLV-I) (adult T-cell leukemia), hu
man T-Iymphotropic virus 2 (HTL V -II) (associated 
with hairy-cell leukemia). Lentivirinae, Lentivirus: 
human immunodeficiency viruses I and 2 (HIV-l, 
HIV-2) (formerly called lymphadenopathy-associ
ated virus-LAY, human T-Iymphotropic virus 3-
HTLV-II1, or AIDS-related virus-ARYl (acquired 
immunodeficiency syndrome-AIDS). 

ANIMAL PATHOGENS 

Oncovirinae [type C oncovirus]: bovine leukemia 
(leukosis) virus, feline sarcoma and leukemia vi-
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ruses, baboon, gibbon ape, and wooly monkey leuke
mia/sarcoma viruses, avian reticuloendotheliosis, 
sarcoma, and leukemia viruses, reptilian oncov
iruses, mouse mammary tumor virus. Lentivirinae, 
Lentivirus: Maedi, progressive pneumonia and visna 
viruses of sheep, equine infectious anemia virus, 
caprine arthritis-encephalitis virus. 

Picornaviridae 

Family: Picornaviridae (the picornaviruses) 
(Cooper et al., 1978) 

Genus: Enterovirus (enteroviruses) 
Genus: Cardiovirus (EMC-like viruses) 
Genus: Rhinovirus (rhinoviruses) 
Genus: Aphthovirus (foot-and-mouth-disease vi

ruses) 

CHARACTERISTICS 

Picornavirus virions are non enveloped, have ico
sahedral symmetry, and are 30 nm in diameter. The 
genome consists of one molecule of positive-sense, 
infectious, ssRNA, size 7.2 to 8.4 kb. Virions have 4 
major polypeptides. RNA replication involves the 
synthesis of a complementary RNA which serves as 
template for genome RNA synthesis. Genome RNA 
also serves as mRNA, being translated into a poly
protein that is cleaved into all the viral proteins, in
cluding those proteins that serve as enzymes for spe
cific cleavages. Replication involves translation of a 
large precursor polyprotein and posttranslational 
cleavage into functional polypeptides. Replication 
and assembly take place in cytoplasm, and virus is 
released via cell destruction. The viruses have a nar
row host range. 

HUMAN PATHOGENS 

Enterovirus: polioviruses 1, 2, 3, coxsackieviruses 
AI-22,4 A24, coxsackieviruses Bl-6, human echo
viruses 1-9, 11-27,29-34, human enteroviruses 68-
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FIG. 20. Picornaviridae, Enterovirus, polio I. Magnifica
tion x 200,000. 
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71, hepatitis A virus (Gust et aI., 1983). Rhinovirus: 
human rhinoviruses 1-113. (Note: coxsackievirus 
A23 = echovirus 9; echovirus 10 = reovirus 1; 
echovirus 28 = human rhinovirus IA; human en
terovirus 72 = hepatitis A virus.) 

ANIMAL PATHOGENS 

Enterovirus: swine vesicular disease virus, murine 
poliovirus (Theiler'S virus), porcine enteroviruses I-
11, bovine enteroviruses 1-7, simian enteroviruses 
1-18. Cardiovirus: EMC virus. Rhinovirus: bovine 
rhinoviruses 1-2, equine rhinoviruses 1-2. Aphtho
virus: foot-and-mouth-disease viruses. 

Caliciviridae 

Family: Caliciviridae (the caliciviruses) (Schaffer 
et aI., 1980) 

Genus: Calicivirus (caliciviruses) 

CHARACTERISTICS 

Calicivirus virions are nonenveloped, have icosahe
dral symmetry, and are 35 to 40 nm in diameter. 
Virions have 32 cup-shaped surface depressions in a 
T = 3 arrangement. The genome consists of one mol
ecule of positive-sense ssRNA, size 8 kb. The vi
ruses have one major polypeptide (and two minor 
polypeptides). RNA replication has not been studied 
in detail. Replication and assembly take place in cy
toplasm, and virus is released via cell destruction. 
The. viruses have narrow host ranges. 

HUMAN PATHOGENS 

Calicivirus: possibly Norwalk virus and similar vi
ruses, which are proven causes of gastroenteritis, are 
caliciviruses. Other calicivirus-like agents have been 
identified as possible causes of gastroenteritis. 

FIG. 21. Caliciviridae, Calicivirus, vesicular exanthema of 
swine. Magnification x 250,000. 

ANIMAL PATHOGENS 

Calicivirus: vesicular exanthema viruses 1 to 12 of 
swine, San Miguel sea lion viruses 1 to 8, feline cali
civiruses, possibly caliciviruses of calves, swine. 

Unclassified Viruses 

The spongiform encephalopathies, which include 
Creutzfeldt-Jakob disease (CJD) and kuru of hu
mans, scrapie of sheep and goats, and chronic wast
ing disease of mule deer and elk, are caused by trans
missible infectious agents, the nature of which 
remains enigmatic. The diseases all have very long 
incubation (or preclinical) phases, followed by pro
gressive disease marked by destruction of neurons, 
neurological dysfunction, leading inexorably to 
death. The etiological agents are highly resistant to 
inactivation by many physical and chemical agents, 
and they seem to be non~immunogenic. As their na
ture is unraveled, they may stretch the definition of 
the term virus as we use it today. 

The agent of delta hepatitis, delta virus, is a defec
tive satellite of hepatitis B virus, requiring the pres
ence of hepatitis B virus for its replication and as
sembly. The virion is 35 to 37 nm in diameter and 
consists of an envelope made of HBsAg surrounding 
a structure containing delta antigen and a ssRNA 
genome, size 1.75kb. The virus has not yet been clas
sified. 

The agents of non-A, non-B hepatitis fall into at 
least two categories, one transmitted in a fecal-oral 
cycle and having properties somewhat like hepatitis 
A, and the second transmitted parenterally by blood 
transfusion, sexual contact, etc ., and having some 
properties like hepatitis B. Despite repeated claims 
for the isolation and characterization of these vi
ruses, their natures have not yet been resolved, and 
they have not been classified. 

Norwalk and related viruses are the proven cause 
of diarrhea in humans, but have not been classified. 
Evidence has been presented, over several years, 
that the viruses are caliciviruses or parvoviruses, but 
because the viruses cannot be propagated in cell cul
ture it has been difficult to obtain enough material 
from feces to characterize the nucleic acid or the 
structural proteins. 

The name Toroviridae has been proposed for hith
erto undescribed viruses associated with diarrhea in 
horses (Berne virus) and calves (Breda virus). The 
virions are enveloped and disk-shaped (35 x 170 nm) 
and contain a nucleocapsid of presumed helical sym
metry. The genome is a single molecule of positive
sense ssRNA, size 20 kb. 



The name Astrovirus has been accorded unoffi
cially to viru~es visualized in the electron micro
scope in fecal specimehs from humans, calves, and 
lambs. The virions are spherical, 40 to 60 nm in diam
eter, and have a characteristic star-shaped outline. 
The genome is a single molecule of ssRNA about the 
same size as that of picomaviruses, but there are 
only two virion proteins. 

Borna disease virus causes an encephalomyelitis 
of horses and sheep; the virus contains RNA, but is 
otherwise unclassified. 
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