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The Use of Viruses for Controlling Pest Species of Insects'

N.F. MOORE and T. MANOUSIS

Natural Environment Research Council
Institute of Virology, Mansfield Road, Oxford OX1 3SR. U.K.

ABSTRACT

Insect viruses have been used effectively to control pest species of insects. While
viruses from several families have been used, members of the Baculoviridae have
proven most successful. The successful viruses are mentioned and a brief introduc-
tion into insect virus identification is followed by sufficient detail to differentiate
between the major groups of viruses which have been used as field control agents.
References are minimised to recent key articles on all the families of viruses found

in insects.

Introduction

Virus diseases have been documented in a
large number of species of insects. The class
Insecta forms in excess of 75% of .animal
species and relatively few have been examined
in detail for pathogens. Without doubt there
will be many more reports of viruses present
in natural and laboratory maintained popula-
tions of insects. Obviously the insect species
which have been examined are primarily those
which affect man, his animals or crops, but
we will only consider some of the viruses
which cause severe diseases in insect pest
species.

The families of viruses which infect insects
are shown in Table 1. Key articles are cited
in Table 1 for those who wish to examine a
particular virus group in detail. Some of the
families are apparently exclusive to insects,
the most notable of these being the
baculoviruses (more recently also found in
crustaceans). Some insect viruses or groups of
viruses are related to mammalian viruses by
having  similar  genomes, replicative
mechanisms and structures, and can be clas-
sified in the same family. For example, the

! Received for publication January 23, 1986.

cytoplasmic polyhedrosis virus group is a
major genus within the Reoviridae where the
other genera infect mammals (Orbiviruses,
Reoviruses and Rotaviruses) and plants
(Phytoreoviruses and Fijiviruses). Some
families of viruses have single or few reported
insect representatives such as the Rhab-
doviruses (Sigma virus), the Birnaviruses
(Drosophila X virus) and the Caliciviruses
with a virus from the navel orange worm
(Amyelois transitella).

Identification of Insect Viruses

When a diseased insect or population of in-
sects is found in the field it could be attributed
to many possible causes including environ-
mental conditions, predatory attack, and
pathogens such as bacteria, fungi or viruses.
These causes may be synergistic; for example,
environmental stresses such as excess cold or
rainfall followed by fungal or bacterial attack
or apparently simultaneous attack by several
bacteria and viruses. In this article the viral
situation will be considered and even in this
case there are many examples when more
than one virus type has been isolated from a
single population.

Unlike many mammalian diseases, it is ex-
tremely difficult to ““clinically” diagnose a dis-
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Virus types®

Virus particle

Nucleic acid morphology

1. Baculovindae
Subgroup (a) Nuclear polyhedrosis virus (NPV)
Subgroup (b) Granulosis virus (GV)
Subgroup (¢) Oryctes virus

=

Polydnaviruses

3. Ascoviruses
Poxviridae

4.  Entomopoxviruses

Iridoviridae

n

Iridoviruses
Parvoviridae
6. Densoviruses
Reovindae
7. Cytoplasmic polyhedrosis virus (CPV)
Reoviruses
8.  Birnaviruses
Picornaviridae
9.  Unclassified group
10, Nudaurelia 6 family
11.  Nodaviridae
12.  Calicivindae
13.  Rhabdoviridae

dsDNA Bacilliform
dsDNA Ovoid

dsDNA Allantoid
dsDNA Brickshaped or ovoid
dsDNA lsometric
ssDNA Isometric
dsRNA 10 segments Isometric
dsRNA 2 segments

ssRNA Isometric
ssRNA Isometric
ssRNA 2 segments Isometric
ssRNA Isometric
ssRNA «Bullet» shaped

* The subgroups a and b baculoviruses. the entomopoxviruses and the cytoplasmic polyhedrosis viruses are occluded
within proteinaceous structures. Key references for the different virus groups are (1) Faulkner 1981; Kelly 1982; (2)
Stolz et al. 1984; (3) Federici 1983; (4) Arif 1984; (5) Hall 1985; (6) Kawase 1985; Siegel et al. 1985; (7) Payne &
Mertens 1983; (8) Dobos et al. 1979; (9. 10) Moore and Tinsley 1982; (11) Moore et al. 1985; (12) Hillman et al.
1982; (13) Teninges et al. 1980, Richard-Molard et al. 1984,

ease of an insect and be able to say with any
confidence that it is caused by a specific virus.
It is necessary to examine extracts of the in-
sects using techniques to define the infectious
agent. These will include staining and light
microscopy to look for the larger polyhedral
viruses, differential centrifugation to clarify
and purify the viral components and determi-
nation of physical parameters such as buoyant
density. Using the electronmicroscope it is
possible to differentiate between many viruses
on the basis of morphology. However, conclu-
sive proof can only be obtained by examining
the form and size of the nucleic acids and pro-
teins on agarose and polyacrylamide gels.
Initial identification of insect viruses can be
performed in some cases by immunological
methods including double diffusion, enzyme
linked immunosorbent assay, immunoprecipi-
tation or radioimmunoassay. The majority of
these methods when performed on crude ex-
tracts of insect material require at least one
other procedure as confirmatory evidence for

the presence of a specific type of virus (for
example, the serological reagents could be
reacting with the minor species in a mixture
of viruses).

Classically, insect viruses are divided into
two groups, those which are occluded (poly-
hedrosis viruses) and those which are not. The
occluded viruses have virus particles encapsu-
lated in a polyhedron or inclusion body which
is a large proteinaceous structure made
primarily of one protein. Most baculoviruses,
cytoplasmic polyhedrosis viruses and en-
tomopoxviruses (sce Table 1) are all present
in occlusion bodies. The situation is somewhat
complicated by a proportion of these viruses
occurring as nonoccluded viruses, but with all
infections a number of polyhedra are appa-
rent. The nonccluded viruses do not have
these specialized structures. Due to the oc-
currence of large (1-15um) polyhedral struc-
tures the occluded viruses were the first recog-
nized in insects and the baculoviruses and
CPVs have received considerable attention
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FIG. 1. Electronmicrograph of nuclear polyhedrosis virus inclusion body from Gonometa podocarpi: The virus particles
are easily distinguished with one to several nucleocapsids. Mg x 65,000,

because they are potentially useful control
agents. In the absence of any mammalian
virus which produces polyhedra, and the
physiochemical differences between for exam-
ple the baculoviruses and known mammalian
viruses it is more acceptable to use these vir-
uses as biological control agents (after strin-
gent safety testing).

Baculoviruses

The polyhedral bodies are necessary to ensure
the long term survival of the virus particles
outside the host as there are considerable in-
terruptions in the availability of insect hosts.
The baculoviruses include several types:

(1) The subgroup (a) nuclear polyhedrosis vir-
uses which have polyhedra which contain
many virus particles (see Fig. 1). The virus

particles may contain one or several nuc-
leocapsids.

(2) The subgroup (b) granulosis viruses where
one virus particle is found within eath pro-
teinaceous structure, termed a granulin in the
case of these viruses.

(3) The subgroup (c¢) nonoccluded bacu-
loviruses, where the virus from Oryctes
rhinoceros is the type member. These viruses
do not synthesize polyhedral proteins and are
hence nonoccluded.

When polyhedra are subjected to alkaline
conditions above pH 9.5, dissolution of these
structures results, releasing the infectious
virus particles. An alkaline protease is present
which assists in the degradation of the
polyhedron. The alkaline pH and the protease
activity reflect the conditions found in the in-
sect gut when the polyhedra are ingested by
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the insect, the released virus particles then in-
fect the gut cells.

Several baculoviruses are available com-
mercially for the control of insects. These in-
clude Elcar for controlling Heliothis spp.
(specifically H. zea, the cotton bollworm),
Gypchek for Lymantria dispar (the gypsy
moth), Virox for Neodiprion sertifer (pine
sawfly) and TM Biocontrol-l for Orgyia
pseudotsugata (Douglas fir tussock moth).

The singly enveloped nuclear polyhedrosis
virus for Heliothis spp. was developed for use
on cotton pests because these insects had be-
come resistant to a range of chemical pes-
ticides (see Ignoffo and Couch 1981, for a re-
view of the use of this virus). Generally,
biological control methods are not so applica-
ble to the pests of annual food crops because
harvesting results in the removal of much of
the viable control agent. The longevity of the
virus is mainly dependent on its presence in
soil, and its appearance in a less virulent form
in “overwintering” stages of the host and in
secondary hosts (see Evans and Blarrap 1982,
for a review on the factors which affect insect
virus persistence in the environment).

As baculovirus infection results in the pro-
duction of a massive number of polyhedra,
which enter the environment as faecal de-
posits or from the corpses of rotting insects
many stable infective viruses are available for
either immediate reinfection by the (faecal)
oral route or for survival for relatively long
periods in the environment. In the case of the
nuclear polyhedrosis virus of N. sertifer,
polyhedra can persist attached to coniferous
foliage or the bark of trees. As with much of
the field control effort with insect viruses, N.
sertifer nuclear polyhedrosis virus is applied
at the larval stage and preferably at an early
instar because the young insects are normally
more susceptible and it is obviously desirable
to infect the insect before it has time to do
much damage to the foliage. N. sertifer larvae
are more susceptible to attack by biological
control agents because they are gregarious,
existing in colonies of relatively large num-
bers. Hence, if one larva is infected, the rest
become infected by the oral route (Cunnin-
gham and Entwistle 1981). Nuclear polyhed-
rosis virus applied to the douglas-fir tussock
moth has also resulted in successful control.
Several other viruses have been used in field
tests to control forest pests such as the nuclear
polyhedrosis viruses of Panolis flammea,

(pine beauty moth), and Choristoneura
fumiferana, (spruce budworm). Even with the
control limitations imposed by cropping, sev-
eral nuclear polyhedrosis viruses and
granulosis viruses have been used in agricul-
ture on annual crops. Much of the work has
concentrated on nuclear polyhedrosis virus of
Trichoplusia ni (cabbage looper), Mamestra
brassicae (cabbage moth) and granulosis vir-
uses of Cydia pomonella (codling moth) and
Phthorimaea opercullela (potato tuber moth).

The granulosis virus control of the codling
moth is particularly of interest because of the
difficulties encountered due to the life cycle
of the insect. Newly hatched larvae penetrate
young apples and for successtul control of this
insect it must become infected between hatch-
ing and penetrating the fruit. Hence, frequent
spray applications are made, dependent on
the speed of virus inactivation and the gener-
ation time of the moths.

In the case of Oryctes rhinoceros
(Rhinoceros beetle) which causes severe dam-
age of oil and coconut palms, adults were re-
leased after infection with the naturally occur-
ring nonoccluded (type C) baculovirus; this
resulted in contamination of the feeding and
mating sites, the death of larvae and the pro-
duction of fewer eggs by infected females.

Cytoplasmic Polyhedrosis
Viruses

The second major group of viruses which have
been utilized for field control of pest species
of insects is the cytoplasmic polyhedrosis vir-
uses. Unlike the other members of the
Reoviridae these viruses do not have a double
outer membrane layer and are occluded into
polyhedral structures. These viruses are dis-
tinguished from nuclear polyhedrosis viruses
as the polyhedra are formed in the cytoplasm
of midgut epithelial cells rather than the nuc-
leus, and also by the absence of an outer
polyhedral membrane. Electron microscopic
examination of cytoplasmic polyhedrosis virus
polyhedra shows the presence of pits in the
outer layer which are the size of virus particles
(see Fig. 2). As with nuclear polyhedrosis
virus infections large numbers of “non-
occluded™ viruses can be found which are in-
distinguishable from occluded particles on re-
lease. Virions are icosahedral with spikes at
each of the 12 vertices. RNA extraction of all
cytoplasmic polyhedrosis viruses has de-
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FIG. 2. Scanning electronmicrograph of polyhedra of type 2 cytoplasmic polyhedrosis virus from Inachis io. The pits on

the surface result from detachment of virus particles. Bar

monstrated the presence of 10 strands of
dsRNA with mol. wts. of approximately 0.3
- 2.5 x 10¢ and Payne and Rivers (1976) ini-
tially subdivided the different isolates on the
basis of major differences in the RNA pro-
files. Twelve types have been described
(Payne and Rivers 1976, Payne et al. 1977).
Cytoplasmic polyhedrosis viruses are not
considered to be as effective as field control
agents as baculoviruses for various reasons
(see Payne 1982). However, the pine proces-
sionary caterpillar moth, Thaumetopoea
pitvocampa, was successfully controlled in
France by aerial application of a cytoplasmic
polyhedrosis virus (Grison et al. 1959). The
pine caterpillar. Dendrolimus spectabilis has
also been controlled by a cytoplasmic
polyhedrosis virus and this virus is commer-
cially available in Japan (Katagiri 1981).

Non-occluded Viruses

In addition to the occluded viruses a number
of other viruses have been demonstrated to
have severe effects on insect populations.
Cricket paralysis virus (see Fig. 3) causes

lpm.

paralysis in Teleogryllus species and is the
most studied of the RNA viruses (primarily
because it was the first one demonstrated to
replicate in insect tissue culture cells, see
Moore et al. 1985). Nudaurelia cythera capen-
sis (the pine emperor moth) is controlled
naturally in the field by a small RNA virus
which is the type member of the Nudaurelia
family of viruses. Two other viruses from the
family affect major lepidopteran pests, Darna
trima which defoliates coconut and oil palms
in south east Asia and Thosea assigna which
is a pest of oil palms in Malaysia (see Moore
and Tinsley 1982, for a review on the small
RNA viruses of insects). Spraying a natural
mixture of small RNA viruses including the
Nudaurelia 8-like virus gave control of Darna
trima in Sarawak. Another small RNA virus
from Gonometa podocarpi controlled the lar-
val stage of the insect which was causing de-
foliation of exotic pines in Uganda.

Several of the non-occluded viruses, par-
ticularly the picornaviruses (e.g. Drosophila C
virus), appear to exist as inapparent infec-
tions. The virus is passed from generation to
generation without having a major effect on
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FIG. 3. Electronmicrograph of cricket paralysis virus purified from Drosophila melanogaster cells. Bar = 100 nm.

the population. This may be the “natural in-
fection™ and it is possible that the lethal infec-
tions which periodically occur are attributable
to viruses infecting unfamiliar hosts. It is also
possible that lethal infections are attributable
In some cases to a combination of stresses on
the population. However, viruses which cause
inapparent infections should not be discarded
as potential control agents. They may weaken
a given population making it more susceptible
to environmental conditions or other agents,
or they may be successful in controlling
another insect species.

Production of Viruses for Use
as Control Agents

It is relatively easy to produce viruses in the
laboratory in insect cultures maintained on
natural or synthetic diet. However, before in-
itiating large scale production of any virus as
a control agent several questions should be
asked. The first and most important is
whether the virus will affect the host in an ac-
ceptable time and manner, so accurate LDy,
determinations under appropriate conditions
should be made. If the virus kills the host or
reduces its viability in an acceptable manner
the host specificity of virus must be de-
monstrated in detail. It is obviously important

to investigate if the virus affects non-target in-
sects with particular reference to useful
species such as honey bees, silkworms, or in-
sects involved in pollination. It is also impor-
tant to investigate if the intended control
agent is a single virus type. The virus should
preferably be plaque purified in a tissue cul-
ture system before large scale production in
insects. If small amounts of a second virus are
present it could interfere with the effects of
the major species on target or useful insects.

It is valuable to investigate if the virus is
best applied by ground or aerial spray, or used
in combination with a chemical or physical at-
tractant. Another important aspect is the
longevity of the virus in the field and whether
additives should be incorporated in the appli-
cation fluid to protect the virus from inactiva-
tion by ultraviolet light. It may also be neces-
sary to add emulsifiers to alter the spraying
and contact properties of the solution in which
the virus is suspended. Once the efficiency of
the virus preparation is proven by use in small
scale field control experiments, it has to go
through a thorough and well documented
series of safety tests (Harrap 1982).

However, even if the virus proves to be a
safe, useful field control agent for a pest insect
species other areas should be considered, for
example. could the virus be better used in
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conjunction with other controlling agents
whether chemicals, fungal or bacterial. As
with all agents, it is also necessary to continu-
ally monitor the effects of the pesticide in the
field, to determine whether it controls the suc-
ceeding generations of insects, or if the viru-
lence decreases.

Conclusions

The baculoviruses and cytoplasmic polyhed-
rosis viruses have been demonstrated to be ef-
fective control agents for several species of
pest insects. They appear to be neither toxic
nor infective for wildlife and man. They have
the further advantages of being self-propagat-
ing in the host insect and in some cases ex-
tremely specific. While relatively few viruses
are currently marketed as control agents,
many have been examined in relatively small
scale trials. Viruses have the definite advan-
tage over chemicals in that they are not
cumulative poisons and insects do not appear
to become resistant to them.

Greater research impetus is needed to find
more viruses specific for pest species and
more financial support is necessary for indus-
try to take the viruses through the lengthy and
expensive safety testing procedures. More
work is required to investigate if combinations
of viruses are more effective and to see if in-
tegrated control can be employed using com-
binations of biological and chemical control
agents.
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Xpnowonoinon lov yw tov "Ereyyo Bhabepov Erdov Eviopov

N.F. MOORE xua1 ®. MANOYZXZHX
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INEPIAHYH

Yndpyouv anoteiecputikéc pébodol yia v katonorépnon dradopov BrLubBepiv e1ddv evtd-
v, tou mepthupbdvouy ovg. ‘Exouv ypnoiporonlel péyxpl tdpe evivtio o EVIONU OF &-
KTpodég 10l mov avijkouv & Tpelg peydies opddeg, ot Mrakovhoioi (Baculoviruses), ot 1of
¢ Kutomhaopatiktg moivedpmong (Cytoplasmic polyhedrosis viruses) kai ot pikpol RNA
toi. Or Mrakovioiol kKol o1 101 TG KUTOTAGCHATIKTG TOALES pOON S avakalidInkay oyeTikd
TpochuTa Kal elval Lovadikol yid T EVIONd, ano TNV droyn 6Tt yapuktnpliovial and Tov
£yKAB1oP0 svOC TOGOGTOU TV 10omuATImV ae Torvedpa (peydAieg mpoTeivikyc priong dougdg
TOU GUVIGTOVTOL KUplo amd pia dopikn mpoteivn mov kowdikoroleitol and to yovidlopo tou
100). Ta moAvedpikd autd «oopdtia EyKAtons» onmg ovopdlovral, kabiotoly o eykiobiopdéva
ocwpdTie nepiocotepo avlektikd otig mepibuiiovrikég ouvlnkes xan elucduiilovy 1 po-
ALOROTIKOTNTO TOL 10U KaTd T1] SLdPKELD TOL GoLVEYOUG KUKAOU {mng Twv evidpmv. Ta Bio-
LOYIKG HECH EAEYYOU KUl KUTUTOAEUTONE TV EVIOHMV, OTMS £(VEL 0L 101, ElVOl UCPUiT YU
o mepiBdiiov amd v droyn ot dev snintnpiudlovy Tov dvlporo kol To vroloino [miko
katl dputikd Baoikero. EminAddov, elval mo efeidikevpéva péoa, koat ouyvd katevbivovtal evdy-
T 6E Eva POvo E160¢ evTOROU YopIg v emnpedlovy dAioug OpYUvIGHOUS GTO OIKOGUGTN L.
H enidpuon g tikng pédruvang telvel va Statnpeital yio peyelitepo ¥poviko StdoTnpae anod
6,7 dAheg popdEC KUTUTOAEUNONG, KOl 101aiTepy av Ta LECH oL ¥pnoiporotninkoay elivat
Mrukouhotiol 1 1ol TN KLTOTAUGUATIKNG ToAvédpmang. Tleprypddovial Siadopeg mepintm-
GELS Y PNOLUOTOMONE 1OV EVIOUMY Y10 TOV UTOTEAECUUTIKO £Aeyyo BhuBepidy e18dv, Kubag
eniong Kot péBoBOL UMOUOVOGN G, JUPUKTIPLOHOY KUl ¥ PNOLHOTOINGE TOUG.
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