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Research Challenges and Needs for

Safe Use of Microbial Organisms

Research and Development Opportunities

for Safe Use of Viruses

Keith A. Jones

Natural Resources Institute, University of Greenwich, Central Avenue, Chatham

Maritime, Chatham, Kent ME4 4TB, UK'

INTRODUCTION

This paper will discuss the research
needs and opportunities for the safe
and sustainable use of viruses. The
discussion will concentrate on the use
of insect pathogenic viruses, but refer-
ence will also be made to the potential
use of viruses to control other pest
organisms. The discussion will also
focus on naturally occurring viruses,
transgenic organisms being discussed
elsewhere in these proceedings. How-
ever, some comment will be made on
the use of transgenic organisms, in
order to give a view from a Non-Gov-
ernmental Organization (NGO) and de-
velopmental point of view. This being
particularly relevant at a time when the
introduction of transgenic organisms
into agriculture is causing much debate
and controversy. Similarly, although
these proceedings are aimed at identi-
fying issues and needs for research in
OECD countries, reference will be made
to the needs of sustainable agriculture
in developing countries, where a large
part of the future markets for these
organisms lie.

WHERE ARE WE NOW?

An insect virus was used to control
insect pests as long ago as 1913, when
an aqueous suspension of virus-infect-
ed Colias electo and Heliothis ‘obtec-

tus’ was applied to lucerne fields (He-
impel, 1967). The potential of viruses
to control other pests such as plant
pathogenic microorganisms has been
discussed by a number of authors, in-
cluding Jeger et al. (1990). However, to
date, only insect viruses, predominate-
ly baculoviruses, have reached any lev-
el of commercial-scale use, and this
paper will concentrate mainly on this

group.

In a recent world-wide survey, En-
twistle (1998), list nearly 90 insect spe-
cies that are being considered for con-
trol by viruses. The majority of viruses
used are baculoviruses (nucleopolyhe-
drovirus, NPV and granulovirus, GV),
but the list also includes the non-oc-
cluded Oryctes virus, a Parvovirus
(Densovirus), Reoviruses (cypovirus),
along with some other undefined virus-
es. From this list, commercial-scale
applicationfintroduction of viruses have
been made against some 34 insect spe-
cies. Studies on safety and environ-
mental impact have been carried out on
many of the viruses being used or con-
sidered for use. However, it appears
that with those viruses used at a ‘com-
mercial-scale,” no safety studies have
been undertaken for four of the viruses
listed; no environmental impact studies
for a further four viruses and neither
safety nor environmental impact stud-
ies for eight of the viruses studied. This
raises the issue as to whether there is
a need to carry out separate safety tests
for different baculovirus species or is
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there enough evidence to say that the
use of naturally occurring baculovirus-
es, or similar naturally occurring virus-
es, in pest management is safe per se?

SAFETY

There is no doubt that the safety of
viruses to non-target organisms and the
environment depends on the virus used.
The Baculoviruses can be considered
as an example of a ‘safe’ group of virus-
es. The host range of the group is
restricted to arthropods and within that
group almost exclusively to insects -
although the fact that a baculovirus has
been isolated from infected shrimps
does show that the host range can be
wider. Also hosts are not limited to
pest species; baculoviruses have been
isolated from Hymenoptera (wasps),
Arachnida (spiders) and Neuroptera
(lacewings), as well as Diptera (flies),
Coleoptera (beetles), Lepidoptera
{moths and butterflies) and Crustacea.
In general, individual baculovirus spe-
cies have a narrow host range, infect-
ing one or two closely related species.
However, most viruses have not been
extensively tested to determine host
range, and therefore specificity in these
cases is an assumption; although avail-
able data does indicate that this assump-
tion is largely correct. However, some
baculoviruses do have a relatively wide
host range; Autographa californica
multiply enveloped NPV (MNPV), the
most studied baculovirus, has a host
range of 39 insect species from 13 fam-
ilies (Cory and Entwistle, 1990). Differ-
ent isolates of the same baculovirus
species can also have different host
ranges, for example a study of cross-
infectivity of Spodoptera littoralis MNPV
to other Spodoptera species found that
one isolate infected only S. littoralis,
whereas a second isolate also infected
Spodoptera exempta. An isolate of
Spodoptera litura NPV infected S. lit-
toralis, S. exigua and S. exempta (Nat-
ural Resources Institute, 1993). Poten-
cy of different isolates to individual
species also varies, for example Ignoffo
and Couch (1981) reported a 56-fold
range of activity for 34 isolates of He-
liothis NPV. It may be possible through
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comparison of the molecular biology of
such closely related isolates to identify
the genetic basis of specificity and
potency. As well as providing a basis
on which to select for host-range and
activity, this would also open the way
for studies on the stability of the genes
that determine specificity and potency,
and whether host range can alter fol-
lowing release of virus into the environ-
ment.

In the environment, there are nu-
merous examples of natural outbreaks
of baculovirus epizootics. During such
outbreaks the number of infected in-
sects, which will release virus into the
environment, can run into tens of thou-
sands or even millions per hectare. Each
infected larvae can produced up to 10°
viral occlusion bodies (OB). Thus dur-
ing an epizootic the amount of virus
released into the environment can be
as high as 10" or more OB/ha. This can
be compared to application rates for
baculoviruses averaging around 10"
OB/ha. There are no records of infec-
tion or adverse effects of baculoviruses
to vertebrates or non-arthropod spe-
cies resulting from spray application of
baculoviruses, or from the much larger
innoculum resulting from natural epi-
zootics. Moreover, there have been a
number of in-depth safety studies on
mammals for baculoviruses that have
been developed as commercial insecti-
cides, most notably for Heliothis NPV,
which was registered in the US in 1975
as Elcar, and was granted ‘an exemp-
tion from (residue) tolerance’ in 1973.
Naturally occurring baculoviruses thus
have the advantage of being highly safe
to non-target organisms. Recognising
this inherent safety, some regulatory
authorities have simplified registration
procedures. Thus, in the US a tiered
system of infectivity, pathogenicity,
tetragenicity, toxicity etc. is used. If the
tests are negative at one (lower) tier,
there is no need to proceed to the next
{more stringent) tier. There is also a
push for a ‘fast-track’ approach, where
microbial agents that are well charac-
terized and have a record of safe field
use, may require less stringent tests. A
similar tiered approach has been sug-
gested for Canada, particularly for en-
vironmental impact studies. However,




such an approach has not yet been
adopted by the European Union. There
is a need to push for harmonization of
approach, so that one set of informa-
tion can be applicable to all OECD coun-
tries. It would be useful to undertake a
comprehensive review of what safety
testing has been done, and what infor-
mation is publicly available. Such in-
formation would be particularly useful
to developing countries, where specific
regulations for registration of microbial
agents are limited or non-existent. Virus
formulations, particularly those pro-
duced in vivo contain microbial con-
taminants. Appropriate and realistic
limits on the number and type of con-
taminants also need to be agreed and
standardised. Moreover, safety testing
must take into account the final formu-
lation, containing all additives. Despite
the acknowledged safety of baculovi-
ruses, complacency in production and
use should be avoided - being protein-
aceous there is always the potential for
allergic reaction from airborne dust or
spray particles. Appropriate precautions
need to be followed.

There is still a lack of information on
the safety of viruses, other than bacu-
loviruses. Data collection on the safety
of the most promising viruses needs to
be pushed forward, particularly host
range data. With genetically modified
viruses, the type of modification needs
to be considered. A deletion of a gene
(that does not control host range) should
be regarded as less of a ‘risk’ than in-
sertion of foreign genes. It is worth
raising the issue here of whether genet-
ic modification is necessary - many
baculoviruses can perform effectively
without modification — what are the real
reasons for producing genetically-
modified viruses? Who benefits? Will
the result be tying farmers to one prod-
uct, and reducing access to naturally
occurring organisms?

ENVIRONMENTAL IMPACT

Some discussion has occurred on the
impact of baculovirus infection on par-
asitoids, and to a lesser extent of pred-
ators. This is particularly relevant, as it
is most likely that viruses will be used
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as part of a comprehensive Integrated
Pest Management programme. With
regard to predators, there has been
some concern expressed that applica-
tion of virus will result in a reduced
availability of prey. However, it should
be realised that predators normally eat
several different species, and by far the
largest source of prey is the so-called
‘neutral’ insects that make up the ma-
jority of insects in the agro-ecosystem.
Field observations confirm that the
overall numbers of predators remain
unaffected in virus treated fields (Fig-
ure 1).

Interactions between virus infection
of the host and parasitoids are more
complicated. Whilst direct infection of
parasitoids by a baculovirus infecting
the host has not been demonstrated,
parasitoid death can occur as a result of
the premature death of the host due to
virus infection. However, full develop-
ment of many parasitoids can occur so
long as the insect does not die prema-
turely. Also, virus infection may result
in altered physiological or nutritional
conditions in which the parasitoid must
develop, or may become ovipositional-
ly unattractive. Alternatively, virus-in-
fected individuals may be preferentially
parasitized. Laboratory studies have
demonstrated all of these affects, but
they are not necessarily reflected the
field. Jones (1990) observed the levels
of parasitism of S. littoralis in NPV-
treated and untreated lucerne fields,
and reported no detrimental effect (Fig-
ure 2); however, more in-depth field-
based studies like these are required.

These data indicate that baculovirus-
es are compatible with IPM pro-
grammes. However, there has general-
ly been little research to develop
appropriate IPM regimes, or to take into
account the combined effects of viruses
and predators/parasitoids on host pop-
ulation. Moreover, little research has
been carried out on the recycling of
innoculum through populations and
later population suppression. There is
a general need to undertake more de-
tailed studies on these effects, and on
the fate of virus in the environment
when itis between hosts. Through study
of both the ecology of the virus and
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Figure 1: Population of insect predators in Egyptian cotton fields following treatment with
NPV or chemical insecticides (chlopyrifos and methomyl) to control Spodoptera littoralis
(data from Topper, 1984)
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Figure 2: Mortality of Spodoptera littoralis larvae collected from lucerne fields in Crete (data
from Jones, 1990).
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target insects, it will be increasingly
possible to model effects and therefore
predict what requirements are neces-
sary {persistence, potency, host density
etc.) for effective control. Perhaps of
more relevance at present, modelling
will allow prediction of the positive and
negative effects of altering infectivity,
speed of kill or generation to genera-
tion transmission and persistence
through genetic engineering.

SUSTAINABILITY

This discussion paper deals with safety
and sustainability of viruses. Sustain-
ability of any agent will depend on a
number of factors; ultimately a product
must be effective and economic to be
used on a sustainable basis. This means
that a product must be available for
use, which is stable enough to be stored
for a reasonable period of time. The
activity of the product needs to be pre-
dictable — this does not mean that it
needs to act like a chemical pesticide.
It is often said that viruses will not be
adopted because they act too slowly
and do not kill all of the target popula-
tion. This is not always necessary, many
effective products e.g. pheromones and
insect growth regulators are slow act-
ing and do not result in complete de-
struction of the target population. Vi-
ruses can be extremely effective when
used as part of an IPM package where
the narrow host range can be an advan-
tage rather than a disadvantage. The
need here is for proper education of
users, so that they understand the ac-
tion of the virus, and the ecology of the
crop. This is the approach taken in the
promotion of IPM amongst farmers in
several developing countries, where
through a process of Farmer Field
Schools (FFS), farmers learn about the
ecology of their crops and the effects of
their pest management actions.

In a number of S.E. Asian countries,
following FFS programmes, farmers are
now recognising virus-diseased insects
in their fields, collecting them, bulking-
up and producing sprayable suspen-
sions. However, this does raise the
question of safety —what other microbes
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are also being sprayed? A methodolo-
gy for quality control is required at this
level, without this there is a high risk of
a poor quality product being produced
which will result in inadequate pest
control. Even worse, a non-specific
contaminant may be produced in error
that might infect non-target species.
This will result in a bad public percep-
tion of all viruses, whether commercial-
ly or locally produced. It is argued by
some that local, low-tech production is
inappropriate for microbes, as the pro-
duction process is a high-tech one.
However, local or low-tech production
does not necessarily mean low quality
production. The issue here is one of
quality control — effective and reliable
quality control procedures must be
adopted at all stages of production, to
ensure that the active ingredient — the
virus, is as expected and to reduce or
eliminate unwanted contaminants.
There is a need to develop simplified
techniques for quality control and mon-
itoring.

One area of importance with regard
to sustainability is management of re-
sistance. Resistance development to
baculoviruses has been demonstrated
(e.g. Briese, 1986). There is a need to
monitor this in the field, and to ensure
appropriate resistance management
strategies are adopted before a prob-
lem develops.

CONCLUSIONS

Insect pathogenic viruses present a
good opportunity to manage a range of
pest problems within an IPM framework.
With the exception of insect pathogenic
baculoviruses, these are at an early
stage of development. Baculoviruses
have demonstrated their potential as
safe, effective pest control agents. Their
sustainable use depends on availabili-
ty, price and education of the user.

This discussion has raised a number
of questions. The most important are:

1. Can insect baculoviruses, as a group,
be regarded as inherently safe? Can
safety data (particularly with regard
vertebrate safety) from one baculov-
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irus used generically as part of the
registration package other baculovi-
ruses?

.Is the current push towards geneti-

cally-modifying viruses necessary?
Should we be concentrating our ef-
forts on developing IPM regimes and
educating farmers?

. Is it safe to produce viruses locally at

a field level? How can quality stan-
dards be maintained?

. Are we too complacent about the

possible development of resistance
to viruses?

. How safe are viruses other than bac-

uloviruses? Should we be starting a
comprehensive safety-testing pro-
gram on the most promising groups?
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