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Summary. – No single group of organisms demonstrates more extensive and diverse associations with
animal viruses than the phylum Arthropoda. Compared with the well-recognized relationship found in
arboviruses, however, most of the atypical arthropod-vertebrate relationships of the viruses normally not
considered arboviruses have received much less attention, as they remain in the marginal areas of interest for
most researchers in animal virology, veterinary medicine, medical entomology, and invertebrate pathology.
However, this comprehensive review of the information gathered from several branches of virology by profession
reveals highly valuable information potentially useful in the fields of research ranging from investigations of
the mode of transmission of poorly understood or emerging viral diseases to studies of the evolution of biological
transmission of animal viruses by arthropod vectors. The observations and data obtained for the animal virus
relationships with arthropods and vertebrates outside the boundaries of arboviruses, in turn, can be used to re-
examine more closely the definition of arboviruses. With increasing number of reports challenging one of the
basic tenets of the definition of arbovirus (requirement of viremia in vertebrate host) and others describing
virus-host relationships that complicate the definition of arbovirus, the accumulated information clearly
demonstrates the difficulty of defining the boundaries of arboviruses.
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1. Introduction

The viral relationship with both vertebrate and arthropod
is best recognized in arboviruses. However, other types of
associations of animal viruses with these two phyla of hosts
either in vivo under natural conditions or in vitro under
artificial conditions have also been documented. Generally,
these poorly-studied or “unusual” associations of the animal
viruses normally not recognized as arboviruses fall in the
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marginal or overlapping areas in each of or between the
subdivisions of virology by profession, such as human
virology, veterinary virology, medical entomology,
arbovirology, and invertebrate pathology. Due to relative
lack of interest or attention, few have attempted to review
systematically the relationships among those viruses,
vertebrates, and arthropods.

A collection of accumulated, published documents
compiled for this review, however, clearly reveals fascinating
sources of data on the complexity of virus-host relationship
that are useful in various branches of virology. Furthermore,
by studying these virus-host relationships, one can examine
more closely the true boundaries of arboviruses.

The aims of this review are first to survey the poorly
recognized relationships by virus family or group and to
discuss the validity of in vitro replication of viruses in
“unnatural” or “unusual” hosts and the importance in public
health and veterinary medicine. With this background
information, discussion is then focused on virus-host
relationship in the context of the evolution of biological
transmission by arthropods and re-examination of the
boundaries of arboviruses. Excluded from this review are
in vitro expression studies of recombinant animal virus genes
in insect virus vectors (such as baculovirus and parvovirus)
and animal virus replication studies performed in vertebrate-
insect hybrid cells. The abbreviations and virus classification
used are according to the International Committee on
Taxonomy of Viruses (van Regenmortel et al., 2000).

2. Survey of the arthropod relationships of the viruses
not considered arboviruses

The reports of virus isolation and/or observation of
transmission under natural conditions and of laboratory
experiments in vivo or in vitro using arthropods or arthropod
cell culture were examined by virus family or group.

2.1 Family Arenaviridae

Arenaviruses, except for Lymphocytic choriomeningitis
virus (LCMV), do not replicate in vector cell lines (Pudney
et al., 1982). Nevertheless, some arenaviruses have been
isolated from arthropods, such as Junin virus from ticks,
Pichinde virus from mites and ticks, Tacaribe virus from
mosquitoes, and Amapari virus from mites (Childs and
Peters, 1993; Downs et al., 1963; Pinheiro et al., 1966).
LCMV replicates not only in tick and mosquito cell cultures
(Pudney et al., 1982; Řeháček, 1965) but was found to be
transmitted trans-stadially in ticks or to guinea pigs by
mosquito under laboratory conditions (Coggeshall, 1939;
Milzer, 1942; Hoogstraal et al., 1966). Among unclassified
viruses, Quaranfil virus was proposed to be an arenavirus

(Zeller et al., 1989). The virus, like other unclassified virus,
Johnston Atoll virus, has been well known to be transmitted
by ticks and replicates in tick cell cultures quite well (Varma
et al., 1975). Furthermore, this virus has been isolated from
febrile humans, pigeons, cattle egrets, and other animals.

2.2 Family Bunyaviridae

Members of the genus Hantavirus are known to be
directly transmitted by persistently infected rodent hosts.
Recently, evidence of viral transmission by ectoparasites,
in particular chiggers and Ixodid ticks, has been obtained in
both Asia and North America (Dong et al., 1991; Zhuge et
al., 1998; Hauck et al., 2001). Among bunyaviruses found
in bats, Kaeng Khoi virus was isolated from louse on bats
or from diseased bats. Mojui dos Campos virus, which is
occasionally isolated from bats, has close relatives among
Nyando and Bunyamwera-complex arboviruses (Williams
et al., 1976; Osborne et al., 2003; Wanzeller et al., 2002).

2.3 Family Flaviviridae

The members of the genus Flavivirus can be basically
classified into three groups in terms of host association: (i)
mosquito viruses that cannot replicate in vertebrate cells
and that play no role in vector-borne transmission (such as
Cell fusing agent virus and Kamiti River virus (Stollar and
Thomas, 1975; Crabtree et al., 2003); (ii) strictly vertebrate
viruses without a vector (no-vector group); (iii) vector-borne
vertebrate viruses that replicate in ticks, mosquitoes, or both.
Although the first two groups are not called arboviruses
based on the definition, nonetheless, they are inseparable
from the third group because all three groups share the same
genome organization and numerous amino acid motifs and
conserve a monophyletic relationship (Kuno et al., 1998).
As for the viruses in other genera, Bovine viral diarrhea
virus of the genus Pestivirus is known to readily replicate in
mosquito cells (Potts et al., 1989). On the other hand, a report
of replication of Hepatitis C virus (genus Hepacivirus) in
mosquito cells in vitro (Germi et al., 2001) requires
corroborations, since similar attempts by others failed

2.4 Family Nodaviridae

An RNA virus isolated from mosquito Culex tritaenio-
rhynchus in the 1960s turned out to represent an entirely
new group of viruses (Scherer and Hurlbut, 1967). The
dichotomy of the host range of this family of viruses into
the genus Alphanodavirus (exclusively viruses of insects)
and the genus Betanodavirus (all viruses of fishes) somewhat
resembles the division of the genus Vesiculovirus of the
family Rhabdoviridae into fish and insect virus groups.
Although members of the genus Alphanodavirus do not
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satisfy natural biological transmission cycle, Nodamura-
virus, for example, can be transmitted by Aedes aegypti at
least under laboratory conditions. Furthermore, the virus
replicates in both insects and vertebrates, causing paralysis
or mortality in both kinds of hosts. Another nodavirus, Flock
house virus, which was originally isolated from
a coleopterous insect, is unique in that it also multiplies in
mammalian cells, plants and yeast. Furthermore, it can orally
infect mosquitoes (Dasgupta et al., 2003).

2.5 Family Reoviridae

Among the large number of viruses in the genus Orbivirus
are found interesting examples of arthropod relationships. An
orbivirus designated JKT-7400 was isolated from Culex
mosquitoes in Indonesia. Infection of mosquitoes and rabbits
(however, without replication) with this virus induces carbon
dioxide sensitivity and mortality, respectively. Furthermore,
the virus replicates in a mosquito cell culture (Vazeille et al.,
1988). Another orbivirus isolated from Culex pipiens mosquito
in Israel, Netivot virus, replicates in both Vero and mosquito
cell cultures but kills adult mosquitoes (Tesh et al., 1986).

2.6 Family Retroviridae

Some of large DNA viruses, such as baculoviruses of
insects, have been recognized to spontaneously integrate
transposons of the host. According to a study, the genome
of a field strain (as well as vaccine strain) of Fowlpox virus
has an almost entire infectious genome of an avian retrovirus,
Reticuloendotheliosis virus, integrated in it (Hertig et al.,
1997). Because insects including mosquitoes are involved
in mechanical transmission of Fowlpox virus, concomitant
transmission of this retrovirus by insects has become an
important subject in veterinary medicine. Transmission of
other retroviruses, in particular, Equine infectious anemia
virus, also heavily depends on mechanical transmission by
insects. Interestingly, this virus is known to replicate well in
mosquito cells in vitro (Breaud et al., 1976).

2.7 Family Rhabdoviridae

Five of seven genera of this family of viruses replicate in
vectors. It has been argued that rhabdoviruses evolved in
arthropods and were originally maintained by vertical
transmission (Peters, 1991). Among the members of the
genus Vesiculovirus, a few unclassified viruses (Kotonkan,
Obodhiang, and Rochambeau viruses) have been the focus
of evolutionary interest in bridging the gap between
arboviruses and rabies virus group because they were
isolated from vectors in the field and, furthermore, replicate
in mosquito cells in vitro (Buckley, 1973). Among the genus
Lyssavirus, Mokola virus is a human pathogen that replicates

in mosquitoes in vivo and in vitro. Rabies virus does not
replicate in vectors, although, in one experiment, it survived
for up to 34 days in nymphal argasid ticks (Bell et al., 1957).
Thus, the report of a mutant of rabies virus adopted in
Drosophila melanogaster (Plus and Atanasiu, 1966) needs
to be corroborated. Furthermore, although infectious virions
are not generated in mosquito cell culture, when rabies virus-
inoculated mosquito cell cultures were maintained for long
periods, synthesis of nucleocapsid and envelope protein was
detectable (Seganti et al., 1991). Similar synthesis of
hemagglutinin without production of infectious virions has
been also reported in a mosquito cell culture inoculated with
an inf luenza A virus (White, 1987). In the genus
Novirhabdovirus (all fish viruses), a few of them, such as
Spring viremia of carp virus and Pike fry virus, like Sigma
virus (an insect rhabdovirus), replicate and induce carbon
dioxide sensitivity in Drosophila melanogaster flies
(Bussereau et al., 1975).

3. Arthropod viruses

Some so-called “insect viruses”, such as baculoviruses,
replicate only in insect cells, and their replication in
mammalian cells has never been exactly proven, even though
rare observations of a baculovirus or invertebrate Iridescent
virus 6 (family Iridoviridae) replication in poikilothermic
vertebrate cells were reported (Ignoffo, 1973; McIntosh and
Kimura, 1974; Granados, 1976). Like many baculoviruses,
some densoviruses (family Parvoviridae) of insects also have
been used in biological control of insect pests. Although they
do not replicate in mammalian cells, if transfected as infectious
clone, viral genome of at least one virus can integrate into
mammalian cell chromosome (El-Far et al., 2004).

Some insect viruses may have an indirect relationship with
vertebrates. For example, the envelope protein of the tick-
borne Thogoto virus (an arbovirus) has nearly 30% amino
acid sequence identity with the envelope protein (gp64) of
baculoviruses (Morse et al., 1992). According to a report, this
could be interpreted to represent either the transfer of the
envelope protein gene between double-stranded DNA virus
and a negative-sense single-stranded RNA virus or
independent acquisition by each of these viruses from
a shared, conserved host gene (Pearson and Rohrmann, 2002).

A small number of intriguing epidemiological
observations of antibodies to insect viruses in vertebrate
blood samples include reports of antibody to a picorna-like
insect virus (Gonometa podocarpi virus of moth) in several
mammals (cattle, deer, horse, and pig) in East Africa
(Longworth et al., 1973), and IgM antibody to Cricket
paralysis virus in human blood (Scotti and Longworth, 1980;
Moore et al., 1981). Detection in human of antibody to
another insect virus (Darna trima virus), a member of the
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family Tetraviridae, in parts of Malaysia (where it was
sprayed as bioinsecticide against caterpillars) was also
reported (MacCallum et al., 1979). The biological or medical
significance of all these observations is unknown in the
absence of human illness.

Nevertheless, generalization of the lack of pathogenicity
in mammalian hosts of other viruses associated with
arthropods, including those associated with Drosophila cell
cultures, is not warranted because few serious studies have
been undertaken and because some insect viruses and
human-pathogenic viruses are phylogenetically inseparable.
The aforementioned genus Flavivirus of the family
Flaviviridae is a good example.

The picornavirus superfamily is an extremely diverse
group of both aquatic and terrestrial viruses including polio
and foot-and-mouth disease viruses. Taura syndrome virus
(TSV) is a virus closely related to the Cricket paralysis virus
in the tentative family Dicistroviridae and is known to be
a serious pathogen of one of the most popularly consumed
marine shrimps by humans. According to a recent report,
the virus was found to readily replicate in human and monkey
cells in vitro (Audelo del Valle et al., 2003).

4. Validity of the results of unusual viral replication in
arthropod cell culture

In the past, replication of animal viruses in cell cultures
derived from irrelevant (unnatural) hosts has been occasionally
reported, but it was received with skepticism by some
concerned researchers. Beside the obvious artificial aspect
of in vitro conditions that bypass natural routes of viral entry
and infection in vivo, other factors, such as modification in
virus traits through repeated laboratory passages or purely
accidental physico-chemical matching of cell membrane
receptors and intracellular replicative mechanism of selected
cell cultures favorable for unnatural viral replication, have
been considered responsible for producing “odd” results. Also,
the fact that some animal viruses that have nothing to do with
arthropods under natural conditions nonetheless survive in
cell culture without replication (Zhang et al., 1994) has been
cited as another difficulty distinguishing true replication from
mere persistence in arthropod cell culture. Therefore, nearly
all available publications worldwide on the replication of
animal viruses in cell cultures derived from unnatural
arthropod hosts were re-examined for this review; and the
following conclusions were obtained.

(i) Specificity of viral replication in cell culture is not
absolute, and replication of some viruses (such as Human
coxsackie virus A 10, Human enterovirus 68 or 70,
Mammalian orthoreovirus serotypes 1 and 2) in unnatural
mosquito cells (White, 1987)) remains puzzling. However,
the number of viruses demonstrating such unusual

replication without any plausible explanation is actually very
small. (ii) For some reason still poorly understood,
replication of some unnatural vertebrate viruses in vectors
(either in vitro or in vivo) has been demonstrated in the first
few passages. But, if these viruses were passaged repeatedly
further in the same arthropod cell cultures or vectors,
infectious titers of many of them either sharply dropped or
disappeared in the next few more passages (Hurlbut and
Thomas, 1960; Singh and Paul, 1968). However, because,
in most of those unusual reports viral replication was
attempted only once and further passage has been rarely
performed, from the published data alone it is difficult to
ascertain if those viruses could be adaptable to arthropod
cells. (iii) For other vertebrate viruses, such as Bovine viral
diarrhea virus and picornaviruses, replication in mosquito
cells may be partly attributable to possible sharing of
replicative mechanism (including shared cellular receptors
for the viruses), because the former is a member of the family
Flaviviridae which contains many vector-borne arboviruses
and picornaviruses are extremely successful viruses of
a superfamily that have adapted very well to both aquatic
and terrestrial hosts. The replication of Vaccinia virus in
mosquito cell culture (White, 1987) similarly appears
unusual. However, some insect poxviruses (genus
Entomopoxvirus) share a similar cell entry and uncoating
mechanism as well as biochemical strategy for replication
with some poxviruses of vertebrates, except that the former
are defective in late gene expression in vertebrate cells while
the latter are defective in proteolytic processing of late viral
proteins in insect cells (Li et al., 1997, 1998).

5. Significance in Public Health and Veterinary
Medicine

When an outbreak of emerging viral disease with unknown
natural mode of transmission occurs, investigation is routinely
launched in many directions, including the possibility of
arthropod involvement. In fact, historically, such an activity
has been conducted repeatedly during nearly all major
emerging disease outbreaks such as poliomyelitis, type
B hepatitis, Burkitt’s lymphoma, Kawasaki disease, acquired
immunodeficiency syndrome, Norwalk virus infection, type
C hepatitis, Ebola fever, Hendra (??? Such a virus was not
found in ICTV Taxonomy) viral disease outbreak, and more
recently severe acute respiratory syndrome.

Some of the classical epidemiological investigations
regarding the role of arthropods in viral infections in humans,
such as poliomyelitis transmission studies (Sabin and Ward,
1941), provide invaluable lessons and strategies for
epidemiological investigations that are still useful today. For
many other viral diseases, even after the etiology and major
transmission mechanism were more or less established,
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arthropods remained a focus of investigation among some
researchers to elucidate alternative routes of transmission.

For example, regarding the transmission of Hepatitis
B virus, although no convincing evidence in support of
arthropod involvement has ever been found, under laboratory
conditions the virus or virus antigen has been found to persist
in mosquitoes and other arthropods for long periods. The
virus was also found in mosquitoes caught in nature. In some
mosquitoes, even vertical transmission of this virus was
reported. But, the biological significance of such reports
has never been clearly proved. Interpretation of the report
of the replication of Hepatitis C virus in mosquito cells
(Germi et al., 2001) was also controversial, since others
obtained negative results (Bellini et al., 1997; Chang et al.,
2001). Similar problems exist in resolving other puzzling
questions, such as the possibility of hepatitis C infection by
tick bite (Wurzel et al., 2002).

Similarly, despite almost unanimous failure to prove
involvement of arthropods in Human immunodeficiency
virus 1 (HIV-1) transmission, interests in this possibility
persisted among a small number of investigators. It was
suggested that insects could be reservoirs of HIV-1 because
viral genome could be integrated as provirus in cultured
insect cells (including mosquito and Drosophila) and
because the viral genome was detectable in insects captured
under natural conditions in Africa (Becker et al., 1986).
Furthermore, mechanical transmission of HIV-1 by biting
flies (such as stable flies) from a subspecies of chimpanzee
to human was proposed to be possible (Eigan et al., 2002).
Also, the fact that the virus could survive in a tick for more
than 10 days and that adult female ticks would imbibe as
much as 70 times the amount of blood mosquitoes imbibe
on average were considered significant for their potential
role in natural transmission (Humphrey-Smith et al., 1993).

Insect cell culture has been increasingly used for efficient
production of certain biologicals and other biosynthetic
products. Genetically-modified Drosophila cell culture, for
example, has been used for production of HIV-1 gp 120
envelope glycoprotein (Culp et al., 1991), fish antifreeze protein
(Rancourt et al., 1990), Hepatitis B virus surface antigen for
vaccine (Deml et al., 1999), and others. However, cell lines
derived from Drosophila flies have been long recognized to
harbor a variety of viruses representing at least several families
of RNA viruses as well as other unclassified viruses.

Regarding the aforementioned TSV that was reported to
replicate readily in human cells in vitro, safety of the
consumption of some highly popular shrimps on dinner table
needs to be seriously investigated. All these reports raised
a question of the potential vertebrate host range of arthropod
viruses.

The importance of mechanical transmission of the viruses
of veterinary medicine and wildlife microbiology has been
investigated for many years, with the myxomatosis in rabbits

as the best known example. Other similarly transmitted
viruses of veterinary importance include Porcine respiratory
and reproductive syndrome virus, Hog cholera virus,
Infectious bursal disease virus, Bovine leukemia virus,
a capripox virus causing lumpy skin disease of cattle, and
Equine infectious anemia virus (Krinsky, 1976; Foil and
Issel, 1991; Carn, 1996). Mechanical transmission of Rabbit
hemorrhagic disease virus, a calicivirus, was also confirmed
recently (Asgari et al., 1998). The impact of mechanical
transmission by insects, such as horse flies, cannot be
underestimated, since their home (flight) ranges sometimes
exceed 6 km. Furthermore, some of the mechanically-
transmitted DNA viruses persist for a long period. For
example, transmission of Fowlpox virus by mosquitoes was
demonstrated as long as 41 days after vector contact with
the virus (Carn, 1996). As for Hendra virus ???
transmission, the role of Ixodes holocyclus in transmitting
the virus from flying fox to horse or other animals (Barker,
2003) is still a mere conjecture.

6. Evolution of biological transmission of animal
viruses

The evolution of biological transmission of animal viruses
by arthropod vectors has been the subject of continuous
interest among some researchers. Although theoretically
both ancestral viruses in vectors and those in vertebrate hosts
could be considered the origins of the extant arboviruses,
most researchers speculated that the adaptation of arthropod
viruses to vertebrate hosts is a mechanism by which
arboviruses evolved (Andrewes, 1957; Porterfield, 1980;
Reeves, 1983). Furthermore, for the flavivirus group that
comprises both no-vector and vector-borne groups,
Porterfield (1980) assumed that no-vector viruses emerged
secondarily from vector-borne viruses through degenerative
process by losing vector association, while some vector-
borne viruses continued to adapt to different hosts. At least
so far as the latter part of this theory is concerned, it is
supported by our previous phylogenetic result demonstrating
evolutionary transition of flavivurses from tick-borne to
mosquito-borne group (Kuno et al., 1998).

As evolution is an on-going process, primordial forms of
virus-arthropod-vertebrate relationship must be constantly
evolving wherever or whenever the three elements meet,
even though in most of such encounters biological
transmission may never evolve because all necessary
requirements under optimal conditions are rarely met. Still,
it is highly conceivable that some of the virus-host
relationships observed today may represent transitional
stages in terms of the evolution of biological transmission.
Thus, it is worth speculating if some of the host relationships
of viruses presented in this review, such as LCMV,
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nodaviruses, Quaranfil virus, a few unclassified viruses of
the genus Vesiculovirus and Netivot virus, are in such
intermediate stages either toward acquiring biological
transmission or at degenerative stages from it. If the answer
is neither one, are they the cases of purely coincidental and
partial resemblance to biological transmission that have
nothing to do with evolution of this mode of transmission?

7. Definition of arbovirus

The term “arbovirus” derived from a laboratory jargon
coined by the investigators in California in the 1940s
emphasized a set of common ecological denominators and
was never meant to be a taxonomically valid group.
Replication in both vector and vertebrate hosts, transmission
between vertebrate hosts by blood-feeding of vectors, and
presence of viremia in vertebrate hosts for vectors to acquire
virus, were the three tenets of the 1967 definition. The revised
definition of 1985 incorporated direct transmission and
vertical transmission in vectors as alternative modes of
transmission (WHO Scientific Group, 1985).

Among the above tenets of the definition, the requirement
of viremia in vertebrate hosts has been challenged lately. Virus
transmission between infected and non-infected vectors
through co-feeding on the same vertebrate host without
viremia has been demonstrated for Thogoto virus, Tick-borne
encephalitis virus, Crimean-Congo hemorrhagic fever virus,
Bluetongue virus, Louping ill virus, Vesicular stomatitis virus
(VSV), and West Nile virus (Jones et al., 1987; Alekseev and
Chunikhin, 1990; Labuda et al., 1993; Gordon et al., 1993;
Katz et al., 1994; Jones et al., 1997; Mead et al., 2000; Lawrie
et al., 2004). Another complication in classifying some
flaviviruses as arboviruses is found in the no-vector group
that has 13 members and Tamana bat virus in tentative status,
according to the current classification (van Regenmortel et
al., 2000). The Arbovirus Catalogue (ASTMH, 1985) and its
current online version (http://www2.ncid.cdc.gov/arbocat/
index.htm) list 5 viruses (Apoi virus, Carey Island virus,
Jutiapa virus, Sal Vieja virus, and San Perlita virus) as possible
arboviruses, despite the fact that vector association has never
been proved for any of those viruses. To make the definition
of arbovirus status more complicated, among the
phylogenetically clustered mosquito-borne group of
flaviviruses (Kuno et al., 1998), no vector has ever been
identified thus far for several viruses (i.e., Cacipacore virus,
Entebbe bat virus, Sokuluk virus, and Yokose virus).

In addition to the above complications, strict application
of the definition of arbovirus also leaves the status of too
many viruses (including popularly studied VSV – New Jersey
serotype) tentative or inconclusive, as evidenced by the fact
that in nearly 550 viruses listed in the Arbovirus Catalogue
and others added later, only about 20% of them are fully

confirmed arboviruses. While many in the remaining 80% of
the viruses (excluding those that are definitely not arboviruses)
currently classified in either “probable” or “possible” status
are most likely arboviruses, given a variety of difficulties in
conducting a satisfactory field investigation (which often takes
many years of arduous work), including a substantial decline
in financial support for long-term field-oriented studies in
recent years, the exact arbovirus status of many animal viruses
will not be settled for many more years to come. Collectively,
both the ambiguity of classification of arbovirus status and
the complexity of arthropod-vertebrate relationships
demonstrated by some animal viruses that are not considered
arboviruses contribute to the difficulty of defining the
boundaries of arboviruses.

References

Alekseev AN, Chunikhin SP (1990): Exchange of tick-borne
encephalitis virus between Ixodidae simultaneously
feeding on animals with subthreshold levels of viremia.
Meditsinskaya Parazitologiya Parazitarnye Bolezni 2,
48–50 (in Russian).

Andrewes CH (1957): Factors in virus evolution. Adv. Virus Res.
4, 1–24.

Asgari S, Hardy JRE, Sinclair RG, Cooke BD (1998): Field
evidence for mechanical transmission of rabbit
haemorrhagic disease virus (RHDV) by flies (Diptera:
Calliphoridae) among wild rabbits in Australia. Virus
Res. 54,123–132.

ASTMH (American Society of Tropical Medicine and Hygiene)
(1985): International catalogue of arboviruses 1985 edited
by N. Karabatsos, Third edition. San Antonio, Texas:
ASTMH; 1985.

Audelo del Valle J, Clement Mellado O, Magnańa Hernández A,
Flisser A, Montiel Aguirre F, Biseńo Garcia B (2003):
Infection of cultured human and monkey cell lines with
extract of Penaeid shrimp infected with Taura syndrome
virus. Emerg. Infect. Dis. 9, 265–266.

Barker SC (2003): The Australian paralysis tick may be the missing
link in the transmission of Hendra virus from bats to
horses to humans. Med. Hypotheses 60, 481–483.

Becker J-L, Hazan U, Nogeyre M-T, Rey F. et al. ??? (1986):
Infection de cellules d’insectes en culture par le virus
HIV, agent du SIDA, et mise en evidence d’insectes
d’origine africaine contamines par ce virus. CR Acad.
Sci. 303, 303–306.

Bell JF, Burgdorfer W, Moore GJ (1957): The behavior of rabies
virus in ticks. J. Infect. Dis. 100, 278–283.

Bellini R, Casali B, Carrieri M, Zambonelli C, et al. ??? (1997):
Aedes albopictus (Diptera: Culicidae) is incompetent as
a vector of hepatitis C virus. APMIS 105, 299–302.

Breaud TP, Steelman CD, Roth EE, Adams WV (1976): Apparent
propagation of the equine infectious anemia virus in
a mosquito (Culex pipiens quinquefasciatus Say) ovarian
cell line. Am. J. Vet. Res. 37, 1069–1070.



141KUNO, G.: REVIEW

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53

54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107

Buckley SM (1973): Singh’s Aedes albopictus cell culture as helper
cells for the adaptation of Obodhiang and Kotonkan
viruses of the rabies subgroup to some vertebrate cell
cultures. Appl. Microbiol. 25, 695–696.

Bussereau F, de Kinkelin P, Le Berre M (1975): Infectivity of fish
rhabdovirus from Drosophila melanogaster. Ann.
Microbiol. Sci. 126A, 389–395.

Carn VM (1996): The role of dipterous insects in the mechanical
transmission of animal viruses. Brit. Vet. J. 152, 377–393.

Chang T-T, Chang T-Y, Chen C-C, Young K-C, et al ??? (2001):
Existence of hepatitis C virus in Culex quinquefasciatus
after ingestion of infected blood: experimental approach
to evaluating transmission by mosquitoes. J. Clin.
Microbiol. 39, 3353–3355.

Childs JE, Peters CJ (1993): Ecology and epidemiology of
Arenavirus and their hosts. In Salvato MS (Ed.): The
Arenaviridae. Plenum Press, New York, pp. 331–384.

Coggeshall LT (1939): The transmission of lymphocytic
choriomeningitis by mosquitoes. Science 89, 515–516.

Crabtree MB, Sang RC, Stollar V, Dunster LM, et al. ??? (2003):
Genetic and phenotypic characterization of the recently
described insect flavivirus, Kamiti River virus. Archv.
Virol. 148, 1095–1118.

Culp JS, Johansen H, Hellimig B, Beck J, et al.??? (1991):
Regulated expression allows high level production and
secretion of HIV-1 gp120 envelope glycoprotein in
Drosophila Schneider cells. Biotechnology 9, 173–177.

Dasgupta R, Chen, LL, Bartholom, LC (2003): Flock house virus
replicates and expresses green fluorescent protein in
mosquitoes. J. Gen. Virol. 84, 1789–1797.

Deml L, Schirmbeck R, Reimann I, Wolf H, Wagner R (1999):
Purification and characterization of hepatitis B virus
furface antigen particles produced in Drosophila
Schneider-2 cells. J. Virol. Methods 79, 205–217.

Dong B-J, Liu Z-G, Chen H-X Cao L-N, et al.??? (1991):
Experimental studies on the transmission of hemorrhagic
fever with renal syndrome virus by gamasidea and flea.
Zhongua Yi Xue Za Zhi 71, 502–504 (in Chinese).

Downs WG, Anderson CR, Spence L, Aitken THG, et al. ???
(1963): Tacaribe virus, a new agent isolated from Artibeus
bats and mosquitoes in Trinidad, West Indies. Am. J. Trop.
Med. Hyg. 12, 640–646.

Eigen M, Kloff WJ, Brandner G (2002): Transferability of HIV
by arthropods supports the hypothesis about transmission
of the virus from apes to man. Naturwissenschften 89,
185–186.

El-Far M, Li Y, Fédičre G, Abol-Ela S, Tijssen P (2004): Lack of
infection of vertebrate cells by the densovirus from the maize
worm Mythimna loreyi (MLDNV). Virus Res. 99, 17–24.

Foil LD, Issel CJ (1991): Transmission of retroviruses by
arthropods. Annu. Rev. Entomol. 36, 355–381.

Germi R, Crance J-M, Garin D, Guimet J, Thelu M-A, Jouan A,
Zarski J-P, Drouet E (2001): Mosquito cells bind and
replicate hepatitis C virus. J. Med. Virol. 64, 6–12.

Gordon SW, Linthicum KJ, Moulton JR (1993): Transmission of
Crimean-Congo hemerrhagic fever virus in two species
of Hyalomma ticks from infected adults to cofeeding
immature forms. Am. J. Trop. Med. Hyg. 48, 576–580.

Granados RR (1976): Infection and replication of insect pathogenic
viruses in tissue culture. Adv. Virus Res. 20, 189–236.

Hauck MA, Qin H, Robert HR (2001): Hantavirus transmission:
potential role of ectoparasites. Vector-Borne Zoonotic Dis.
1, 75–79.

Hertig C, Coupar BEH, Gould AR, Boyle DB (1997): Field and
vaccine strains of fowlpox virus carrying integrated
sequences of the avian retrovirus, reticuloendotheliosis
virus. Virology 235, 367–376.

Hoogstraal H (1966): Ticks in relation to human diseases caused
by virus. Annu. Rev. Entomol. 11, 261–308.

Humphrey-Smith I, Donker G, Turzo A, Chastel C, et al. ??? (1993):
Evaluation of mechanical transmission of HIV by the African
soft tick, Ornithodoros moubata. AIDS 7, 341–347.

Hurlbut HS, Thomas JI (1960): The experimental host range of
the arthropod-borne animal viruses in arthropods.
Virology 12, 391–407.

ICTV (International Committee on Taxonomy of Viruses) (2000):
Virus Taxonomy: Classification and Nomenclature of
Viruses. Seventh Report. Van Regenmortel MHV, Fauquet
CM, Bishop DHL, Carstens EB, Estes MK, Lemon SM,
Maniloff J, Mayo MA, McGeoch DJ, Pringle CR,
Wickner RB (Eds). Academic Press, San Diego, San
Francisco, New York, Boston, London, Sydney, Tokyo.

Ignoffo CM (1973): Effects of entomopathogens on vertebrates.
Ann. NY Acad. Sci. 217, 141–172.

Jones LD, Davies CR, Steele GM, Nuttall PA (1987): A novel mode
of arbovirus transmission involving a nonviremic host.
Science 237, 775–777.

Jones LD, Gaunt M, Hails RS, Laurenson K, Hudson PJ, Reid H,
Henbest P, Gould EA (1997): Transmission of louping
ill virus between infected and uninfected ticks co-feeding
on mountain hares. Med. Vet. Entomol. 11, 172–176.

Katz J, Alstad D, Gustafson G, Evermann J (1994): Diagnostic analysis
of the prolonged bluetongue virus RNA presence found in
the blood of naturally infected cattle and experimentally
infected sheep. J. Vet. Diagn. Invest. 6, 139–142.

Krinsky WL (1976): Animal disease agents transmitted by horse
flies and deer flies (Diptera: Tabanidae). J. Med.
Entomol. 13, 225–275.

Kuno G, Chang GJJ, Tsuchiya KR, Karabatsos N, et al. ??? (1998):
Phylogeny of the genus Flavivirus. J. Virol. 72, 73–83.

Labuda M, Nuttall PA, Kožuch O, Elečkova E, Žuffova E, Williams
T, Sabo A (1993): Non-viraemic transmission of tick-
borne encephalitis virus: a mechanism for arbovirus
survival in nature. Experientia 49, 802–805.

Lawrie CH, Uzcátegui NY, Gould EA, Nuttall PA (2004): Ixodid
and Argasid tick species and West Nile virus. Emerg.
Infect. Dis. 10, 653–657.

Li Y, Hall RL, Moyer RW (1997): Transient, nonlethal expression
of genes in vertebrate cells by recombinant enteropox-
viruses. J. Virol. 19, 9557–9562.

Li Y, Yuan S, Moyer RW (1998): The non-permissive infection of insect
(gypsy moth) LD-652 vaccinia virus. Virology 248, 74–82.

Longworth JF, Robertson JS, Tinsley TW, Rowlands DJ, Brown
F (1973): Reactions between an insect picornavirus and
naturally occurring IgM antibodies in several mammalian
species. Nature 242, 314–316.



142 KUNO, G.: REVIEW

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53

54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107

MacCallum F, Brown G, Tinsley TW (1979): Antibodies in human
sera reacting with an insect pathogenic virus. Intervirology
11, 234–237.

McIntosh AH, Kimura M (1974): Replication of the insect Chilo
iridescent virus (CIV) in a poikilothermic vertebrate cell
line. Intervirology 4, 257–267.

Mead DG, Ramberg FB, Besselsen DG, Maré CJ (2000):
Transmission of vesicular stomatitis virus from infected
to non-infected black flies co-feeding on nonviremic deer
mice. Science 287, 485–487.

Milzer A (1942): Studies on the transmission of lymphocytic chorio-
mengitis virus by arthropods. J. Infect. Dis. 70, 152–172.

Moore NF, McKnight L, Tinsley TW (1981): Occurrence of
antibodies against insect virus proteins in mammals:
simple model to differentiate between passive exposure
and active virus growth. Infect. Immun. 31, 825–827.

Morse MA, Marriott AC, Nuttall PA (1992): The glycoprotein of
Thogotovirus (a tick-borne Orthomyxo-like virus) is related to
the baculovirus glycoprotein gp 64. Virology 186, 640–646.

Osborne JC, Rupprecht CE, Olson JG, Ksiazek TG, et al. ??? (2003):
Isolation of Kaeng Khoi virus from dead Chaerephon
plicata bats in Cambodia. J. Gen. Virol. 84, 2685–2689.

Pearson MN, Rohrmann GR (2002): Transfer, incorporation, and
substitution of envelope fusion proteins among members
of the Baculoviridae, Orthomyxoviridae, and Metaviridae
(insect retrovirus) families. J. Virol. 76, 5301–5304.

Peters D (1991): Divergent evolution of Rhabdoviridae and
Bunyaviridae in plants and animals. Sem. Virol. 2, 27–37.

Pinheiro FP, Shope RE, Paes de Andrade AH, Bensabath G, et al.
??? (1966): Amapari, a new virus of the Tacaribe group
from rodents and mites of Amapa Territory, Brazil. Proc.
Soc. Exp. Biol. Med. 122, 531–535.

Plus N, Atanasiu P (1966): Sélection d’un mutant du virus rabique
adapté ŕ un insecte: Drosophila melanogaster. CR Acad.
Sci. Paris 263, 89–92.

Porterfield JS (1980): Antigenic characteristics and classification
of Togaviridae. In Schlesinger RW (Ed.): The Togaviru-
ses: Biology, Structure, Replication. Academic Press,
New York, pp. 13–46.

Potts BJ, Sawyeer M, Shekarchi IC, Wismer T, Huddleton D (1989):
Peroxidae-labeled primary antibody method for detection
of pestivirus contamination in cell culture. J. Virol.
Methods 26, 119–124.

Pudney M, Leake CJ, Buckley SM (1982): Replication of
arboviruses in arthropod in vitro systems: an overview.
In Maramorosch K, Mitsuhashi J (Eds): Invertebrate Cell
Culture Applications. Academic Press, New York and
London, pp. 159–194.

Rancourt DE, Peters ID, Walker VK, Davies PL (1990): Wolffish
antifreeze protein from transgenic Drosophila. Biotechno-
logy 8, 53–457.

Reeves WC (1983): Historical perspectives in California
encephalitis virus in California. Progr. Clin. Biol. Res.
123, 19–29.

Řeháček J (1965): Cultivation of different viruses in tick tissue
culture. Acta Virol. 9, 332–337.

Sabin AB, Ward R (1941): Flies as carriers of poliomyelitis virus
in urban epidemics. Science 94, 590–591.

Scherer WF, Hurlbut HS (1967): Nodamura virus from Japan: a new
and unusual arbovirus resistant to diethyl ether and
chloroform. Am. J. Epidemiol. 86, 271–285.

Scotti PD, Longworth JF (1980): Naturally occurring IgM antibodies
to a small RNA insect virus in some mammalian sera in
New Zealand. Intervirology 13, 186–191.

Seganti L, Superti F, Sinibaldi L, Marchetti M, et al. ??? (1991):
Rabies virus infection in Aedes pseudoscutellaris cells:
a study on receptorial structures. Comp. Immun.
Microbiol. Infect. Dis. 14, 265–272.

Singh KRP, Paul SD (1968): Susceptibility of Aedes albopictus
and Aedes aegypti cell lines to infection by arbo and other
viruses. Indian J. Med. Res. 56, 815–820.

Stollar V, Thomas VL (1975): An agent in the Aedes aegypti cell
line (Peleg) which causes fusion of Aedes albopictus cells.
Virology 64, 367–377.

Tesh RB, Peleg J, Samina I, Margalit J, et al. ??? (1986): Biological
and antigenic characterization of Netivot virus, an unusual
Orbivirus recovered from mosquitoes in Israel. Am. J.
Trop. Med. Hyg. 35, 418–428.

van Regenmortel MHV, Fauquet CM, Bishop DHL (2000): Virus
Taxonomy. Eventh Report of the International Committee on
Taxonomy of Viruses. Academic Press, San Diego-San
Francisco-New York-Boston-London-Sydney-Tokyo, pp. 1162.

Varma MGR, Pudney M, Leake CJ (1975): The establishment of
three cell lines from the tick Rhipecephalus appendicula-
tus (Acari: Ixodidae) and their infection with some
arboviruses. J. Med. Entom. 11, 698–706.

Vazeille MC, Rosen L, Guillon J-C (1988): An orbivirus of
mosquitoes which induces CO2 sensitivity in mosquitoes
and is lethal for rabbits. J. Virol. 62, 3484–3487.

Wanzeller ALM, Diniz JAP, Gomes MLC, et al.??? (2002):
Ultrastructural, antigenic and physico-chemical
characteristics of the Mojui dos Campos (Bunyavirus)
isolated from bat in the Brazilian Amazon region. Mem.
Inst. Oswaldo Cruz 97, 307–311.

White LA (1987): Susceptibility of Aedes albopictus (C6/36) cells
to viral infection. J. Clin. Microbiol. 25, 1221–1224.

WHO Scientific Group (1985): Arthropod-borne and rodent-borne
viral diseases. WHO Technical Report Series 719, p. 117.

Williams JE, Imlarp S, Top EH, Cavanaugh DC, Russell PK (1976):
Kaeng Koi virus from naturally infected bedbugs
(Cimicidae) and immature free-tail bats. Bull. WHO 53,
365–369.

Wurzel LG, Cable RG, Leiby DA (2002): Can ticks be vectors for
hepatitis C virus? N. England J. Med. 347, 1724–1725.

Zeller HG, Karabatsos N, Calisher CH, Digoutte JP, et al.???
(1989): Electron microscopy and antigenic studies of
uncharacterized viruses. I. Evidences suggesting the
placement of viruses in families Arenaviridae, Paramyxo-
viridae, or Poxviridae. Arch. Virol. 108, 191–209.

Zhang P-F, Klutch M, Muller J, Marcus-Sekura CJ (1994):
Susceptibility of the Sf9 cell line to infection with
adventitious viruses. Biologicals 22, 205–213.

Zhuge H-X, Meng Y-C, Wu J-W, Zhu Z-Y, et al. ??? (1998): Studies
on the experimental transmission of Rattus-borne
hantavirus by Ornithonyssus bacoti (in Chinese). Chinese
J. Parasitol. Parasit. Dis. 16, 445–448.




