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DEVELOPMENT OF ENTOMOPATHOGENS FOR VECTOR CONTROQL:
CURRENT STATUS AND FUTURE PROSPECTS

The meeting was opened by Dr B. Dobrokhotov, Secretary, Steering
Committee on Bilologiecal Centrol of Veétors (8C-BCV), who welcomed the
participants and explained the objectives of the consultation. He emphasgized
the need for further improvements of the biological methods for vector
contrel. He suggested that the group make recommendations on the development
and practical use of entomopathogens in vector control programmes in endemic
areas, 1in particular for the contrel of malaria,

Dr Lachy provided participants with an update on the activities and
research projects of SC-BCV over the past decade. SC-BCV has initiated and
accomplished a wide range of studies on a variety of subjects inecluding
microbial control agents and their action, parasites, predators and
competitive snails and genetie engineering. Many bilological agents in these
groups were investigated for their potential as vector control agents. As a
result of extensive search, isolation, characterization and evaluation, two
new promlsing microbial entemopathogens have been isolated and developed for
vector control. Dr Lithy emphasized the need for further research to broaden
the use and application of these and other entomopathogens in vector control
programmes, especially in tropical endemic areas.

1 5 GIES TN THE MANAGEMENT OF CE TO MICROBIAT, AGENTS

1.1 Current Status

Although Bacillus thuringiensis (B.t.) strains have been utilized in
agricultural pest control (primarily Lepidoptera) for more than twenty
years, only one insect species (Plutella zylostella) has become
resistant to it. Plutella resistance to B.t, kurstakl (B.t.k.) has
been reported from Thailand, Philippines, Hawall and Florida. Available
field and bioassay data have demonstrated the development of resistance
(at 2-20 times the standard dosage) to all commercial strains of
B.e.k,. B8everal laboratory studies have demonstrated development of
resistance in laboratory insect colonies that had been "stressed” for
multiple generations with B,.t k. Plodia spp. (Indian meal moth) and
Heljothis spp. have been shown to develop resistance to B.t. k. In the
case of Heliothis spp., resistance to a single toxin challenge
developed after 7 laboratery generations,

In all cases of Lepidoptera resistance, after temoving selection
pressure for several generations, host populations regained
susceptibility to B.t.k. toxins, The only reported case of resistance
to B.t.israelensis (B,.£,i,) in mosquitos iz that which developed in
Culex guinquefasciatus and Aedes azepgypti when subjected to B,t.i, at
sub-lethal doses for several generations in the laboratory. As with
Lepidoptera specles, the mosquitos regained susceptibility to B.t.i,
when removed for several generatiens from B.t.i. stress.




1.2

1.3

931
TDR/BCV/ERT/ 921
Page 3

otentia ritical assessmen

These reports would indicate that Lepidoptera and mesquito larvae may
develop resistance to the multiple toxins present in B .t k, and B.t.1.
{Cry IVA, Cry IVB, Cry IVC, Cry IVD, Cyt A), but that the rate of
development is much zlower than to synthetic chemicals. Resistance
obtained in laboratory colonies has been transzient. The risk of
resistance to B.t.i. or B, sphaericus developing %n natural field
populations would appear to be low, Although B.t.i. has been widely
used in operational contrel programmes against mosquitos and
blackflies, no incidence of resistance or decteased susceptibility has
been reported to date in the target species,

It should also be emphasized that Plutella spp. which exhibited =zome
resistance to B.t .k, were readily susceptible to B.t. zizawal toxins.
Use of pesticide rotation using B.t. strains and chemical insecticides
for mosquito or hlackfly comtrol would further reduce the potential for
the development of resisztance to both groups of control agents.

The temporary development of resistance to B.t. strains has been
investigated and in a preliminary study it has been shown to bhe
assoclated with a change or effeect on the receptor sites of midgut
epithelial cells. Receptor sites that were not susceptible to B.t.k.
were susceptible to toxins present in other B, t. strains.

Methodology/Techniques

Insect resistance studies undertaken to demonstrate or explain
resistance pechanisms in mosquites or blackflies mu=zt be bazed on
standard protocels developed for both laboratory and field studies. In
order to ensure that laboratory results can be reproduced and that
there is a sufficient host gene pool, insect colonies (for example of
Aedes aegyptil, Culex guinguefasciatus) must be available at a variety
of testing laboratories. International standards for microbial agents
must be available and utilized for comparison in all studies, At the
present time thesze standards are IPS 82 for B.t.i. and SPH 88 for
B. sphaericus strain 2362.

Limited short-term studies invelving the development of resistance to
B.t. and B.s. or other microbial agents are curtently in progress,
Further elaboration of the mode of action of resistance would invalve
a medium-term to long—term study, with no pguarantee of success. As we
have seen in previeus laboratory experiments, resistance to B.t.k. or
B.t. i, can be a transient event and the study of resistance would
require maintenance of B.t. resistance in & host colony. One of the
goals of resistance studies should be the collection of reliable
baseline data for those species that would ferm the basis for furture
comparison with field collected szusceptible or resistant pepulations.
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INTEGRATED AGEMENT OF VECTORE AND THE ROLE CROBIAL CONTROL
AGENTS

Currept status

A wvariety of environmental, economic and other concerns have
necessitated the development and use of an integrated approach to
vector control, Where the use of insecticide is reduced or eliminated,
other interventions such as envirommental management and biolegical
control play an increasing role. The decrease in the availability of
effective insecticides due to the emergence of resistance in tarpet
species and to the non-renewal of registration of some inzecticides has
given further imperus te the development of alternative means of vector
contrel. The prohibitive cost of developing new products is another
important treason for using less chemical insecticide.

The integrated approach to vector control seeks to lower the population
equilibrium of mosquitos to levelz at which pestiferous activity is
minimal and disease transmission is reduced or interrupted, using
methods which have minimal adverse effects on the envirorment. The
components of iIntegrated wvector control (IVC) include the use of
environmental management, biological controel asz well as the judicious
use of chemical insecticides. A comprehensive approach to IVC does not
usually include all the possible options. Rather, it incorporates the
most effective, complementary and environmentally compatible
interventions. )

Critical assessment

Only in the simplest of confined ecesystems, can biological control be
used alone for the successful abatement of disease vectors. However,
the integration of biclogical ecentrel inte the framework of a well-
planned IVC programme can have a significant impact on vector
populations. Key components of this strategy should include a thorough
geographic reconnaissance of wmesquito habitats and in-depth
understanding of the bionomics of target mosquites, the ecosystems they
occupy and the organisms intended for usze as biological control agents.
Regular evaluation of control methods through the monitoring of larval
and adult mosquito abundance is essential for guiding the direction and
intensity of IVC programmes.

One of the most important compomnents of IVC will be the regulating role
of natural enemies in the reduction of mosquito populations. The use
of mictobial control agents will promote the conservation of natural
enemies which 1s essential for implementipg long term, cost-effective
vector control programmes and minimizing treatments,

In addictien to their effectiveness, the value of bacterial agents is in
their high level of specificity. As the influence of bacterial agents

‘on the non-target organisms 1is virtually nil, a full component of

natural enemies in the ecosystem is preserved,

The role of natural enemies in conjunction with the use of bacterial
control agents provide a strategy of spontaneous biological conttrel
resulting in much reduced population density of vectors in relation to
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their reproductive potential., This natural control system operates
through a large number of abiotic and biotie factors including
pathogens (virus, bacteria, fungi, protozea), invertebrate predators
and parasites (nematodes, crustacea, insects) and vertebrate predators
(fish).

-Microbial control agents, particularly Bacillus thuringiensis

(H-14) and B, sphaericus are effective mosquito control agents that have
minimal or no impact on the complex of natural enemies and could
usefully be included in an integrated programme for the control

of mo=zquitos,

Integration bacterial larvicides with other biocon agents

In addition to the integration of microbial econtrol agents inte
classical environmental methods (source reduction, envirommental
modification, personal protection), a promising area that warrants
further research and attention is the combined use of microbial control
agents with other biolegical metheds, In particular, the combined use
of bacterizl agents with other biocontrel agents such as predators,
parasites and other pathogens can bring about a rapid reduction of
target populations, with the bacterial agents providing immediate
conttrel and the other biccontrel agents sustaining the reduction of
rebounding mosquito populations. In the case of macroinvertebrate and
fish predators there iz a characteristic time lag between inocculation
inte a habitat and build up of sufficient numbers to achieve control.
Bacterial larvicides, however, provide rapid control of initial
populations without destroying the complex of natural predator species
and other non-target organisms. In situations requiring inundations
and stocking, fish and other larvivorous organisms can be introduced
after or during treatment with a bacterial agent and in this way,
immediate as well as sustained control of wvectors, without further
treatments, can be achieved.

These IVC strategies can be employed in a variety of habitats including
small ponds, rice-fields and large water storage containers.

5 G E TRANSFER OF MODEL PROJECTS TO ENDEMIC REGIONS

General considerations, actual status and critical assessment

A wital component of successful vector control programmes in the
tropical or temperate climatic zones iz Interdisciplinary collaboration
between wvarious specialists under the aegis of health services and
other vector-borne disease contrel agencies. It is important that
relevant data on the biology, ecology and epidemiology of target
organisms and diseases are gathered. In the interests of promoting
community participation and minimizing costs, appropriate methodologies
and technigues should be employed.

At all stages of planning but particularly in the implementation phase,
close c¢ooperation between the national authorities, scientists,
industry and the public iz a prerequisite for the success of vector-
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3.2

borne disease control programmes. An early exchange of infeormation and
ideas between the different sectors in treopical and temperate climatic
zones iz wvital for further development of vector control proprammes,
especially when new methodologies such as the use of microbial control
agents in integrated control programmes are being considered. The
intention in transferring model projects, for example from temperate
climatiec zones to endemic zones, 1Is not to duplicate a sueccessaful
programme in all details but rather to apply proven principles and
logistics. A strategy for vector control must take into c#usideratiom
local conditions and ecological and epidemiological factors. It is not
possible to apply a single model to all types of local situations, The
aim therefore should be to devise a comprehensive contrel strategy that
takes into account the partiecular ecological, epidemiclogical and
sociological aspects of each situation.

RBequired steps

Az pointed out above, the transfer of knowledge and experience hasz to
take place on an interdisciplinary basis, at different levels,

aj As deciszion makers, administrators and representatives of the
local authorities should be involved in the transfer of ideas and
principles. They should be convinced that the proposed strategy
will be successful and accepted by the public. The specific
advantages of the microbial econtrol agents have to be
highlighted. The efficacy and envirommental safety of the
mierebial control agents provide pgood arguments, Educational
media can be used to explain the objectives of the campaigns and
to provide basic information on vectors and vector control.

b)  There are various levels at which scientists need to cooperate,
They have to develop a general outline of the implementation of
the programme at different places in the region. The procedure
for testing new agents needs to be standardized using laboratory
bicassays; the effective and optimum dosage of a product against
various mosquito species needs to be aszsessed In small-zcale
field tests; ecological, entomological and epidemiological data

need to be assessed. It is Iimportant that baseline data be
gathered before the implementation of any large-scale evaluation
project.

c) Effective community participation in the programme will

necessitate comprehensive instruction on the biology of the
vector and on straightforward methods of control, the involvement
of various community groups as volunteers and the linking of
mesquite contrel with other activities such as income-generation
and envirenmental sanitation projects. The suitability of
microblial control agents for community use has to be highlighted,
in particular its safety for humans and the environment.

d) Good coordination between industry, sclence and health services
is essential in the implementation of successful programmes, Once
a product is developed, experience regarding its use in the field
needs to be shared in order to make further improvements. The
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special needs of each situation have to be considered in order
for it to be successfully marketed and used, The design of the
product must suit the integrated approach of the programme.

Methodology - tools for the transfer of principles of succesgful
Programmes

The transfer can take place in various ways:

a) on a bilateral basis, through regular site-visits to research and
scientific organizations and national and local organizations;

b) in natienal and Interpational workshops;

c) through cooperation between international agencies such as
WHO/TDR and national organizations;

d) through training courses where scientists can exchange information

and experience.

STEPS TOWARD FURTHER DEVELOPMENT OF BACILIUS BREVIS AND
CLOSTRIDIUM BIFERMENTANS MATAYSTA

Bacillus brevis

Current status

To date, 41 isolates of this bacterium have been tested and all showed
some degree of molluscicidal activity against the snail Biomphalaria
glabrata. The activity assessed was that of cultures in the pre-spore
(< 1% sporulations) stage. Death occurred with cells after 3-5 days
and with the toxin extract after only 6-9 hours.

SBafety. No studies on mammalian toxicity have been carried out,
Non-target organisms (NTOs). Several different species of adult
snails were expeosed and they survived. Tests on other aquatic

organisms are planned for the future,

Physiology and molecular biology. Studies on the genetic {clonal)
composition of the speciez and the toxin associated with cell wall
fraction of the cultures are in progress. The toxin is not water
soluble and it is absent from the supernatant. Toxin can be extracted
from the cell, The toxin, as part of the cell, is heat stable and is
sensitive to protease and lysozyme but not RNAze or DNAse.

Fermentation techniques
a) Primary powders have been made and are stable for as long as six
menths. Addition of one of eleven sugars (e.g. fructose) is

necessary for production of molluscicidal toxins,

b) Toxin apppears as early as 9 hours and disappears at about 20
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hours (or 1% sporulation) of fermentation.

4.1.2 Benefits

a) To date this is the only species of Bacillus known to have
molluscicidal activity.

b) There 1s potential for the development of a quick industrial
fermentation process within a year or so.

4.1.3 Prospects

a) Tts toxicity is moderate but can be enhanced by improvement in
fermentation techniques and hiotechnology.

b) The activity of 3 Ghanian strains has been demonstrated in two
laboratories and material will be supplied to other laboratories
for broader testing.

4.1.4 Short-term goals
a) To characterize toxin and biogenesis of toxin.

b) To complete initial fermenration development.

c) To continue some screening for other potential PBRacillus
molluscicidal strains.

4.1.5 Intermediate goalsz

a) To enhance toxicity.

b) To examine action on other vector snails.
c) To carry out safety and NTO studies.

d) To initiate small-scale field trials.

4.2 Clostridium bifermentans mala a

4.2.1 Efficacy. Demonstrated against mosquitos and Simulium, (Apnopheles
most susceptible followed by Culex and then Aedes).

4.2.2 Safety. Toxin is soluble and excreted after lysis of the cells.
Field testing of cells per se is safe.

4.2.3 Non-target organisms (NTOs). In trials on several NTOs (including
fish and aquatie NTOs), it has been shown to be safe except for
Chacberus which are alsoc pests in some areas of the world.

4.2.4 Physlology and molecular bilology. Toxin characterization is on-going.
Not homologous with B.t.i. and B.s. toxins.

4.2.5 Gytopathology. The ultrastructure and the mode of action appear to be
different from B, £t . i.. A gene library has been set up.
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&.2.6 Benefits

a)

b)

c)
d)

e)

It is the second bacterial toxin found to be active against

Simulium

It has the same level of toxicity for mosquite larvae as B.t.i.

and B, sphaericus.

It lacks mammalian toxicity.
It possesses good specificity.

Taxonomically, it is distant from medically important Clostridium,

4.2.7 Drawbacks

a)

b)

e)

d)

It iz heat and proteasze labile (when lyophilized stable for one
year).

It has a bad name; before subjecting it to field trials,
regulatory agencies such as USEPA will need to be consulted.

As it is completely anaercbhic, there may be difficulties in
fermentation development. .

It will probably be necessary to find a new host for toxin genes.

4.2.8 Short-term goals

a)
b)
c)

d)

To iseclate the responsible gene for toxin(s).
To determine precise activity against Similium,.
To characterize and isolate toxin(s) protein(s).

To identify new hosts as carriers for toxin(s) gene(s).

4.2.9 Intermediate goals

a)

b)

To complete safety testing.

To further assess stability of toxin(s).

4.2.10 Long-term goals

a)

B)

c)

To undertake mode of action ztudies.

To integrate toxin(s) into an easy growing non-
pathogenic organism,

To undertake field trials after clearance from EPA
and other regulatory agencies.
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THE SEARCH FOR AN EVETOPMENT & WM s v G

Current status

Currently we have two highly mosquitocidal agents of Bacillus pathogens
(B.t.1. and B. sphaericus) and other promising bacterial species
(Cb.m, and B .t. medellin) under study. Although these strains are
highly effective, we still need to continue searching for new isolates
with mosquitocidal activity especially in areas in which surveys have
not previously been conducted., In order to be able to cope with any
resistance to the toxins of currently available bacteria that may
emerge in target species, it will be necessary to isolate bacterial
strains which differ significantly from those currently in use in their
potency, in their toxins or in their modez of action.

Critical assessment

Methods that are used for izolation of spore-forming bacteria often do
net allow for the possibility of discovering non-spore-forming species
and initial screening of new isolates does not usually include a broad
spectrum of target species such as blackflies and others.

In recent searches, fungi have been neglected in terms of iseolation and
development efforts. Another neglected aspect of mierobial contreol
agent development is small-scale fermentation (5 litres) to determine
the feasibility for further commercial development. '

Required steps for further development

The following steps are listed as short-term goals:
a) To continue the search for new isclates;

b) To broaden the scale of iscolation techniques (utilizing
unpasteurized samples and selective media);

c) To broaden the screening system (minimum of Aedes gegyptl, Culex
and Anopheles sp. and also additional screening on Simulium sp.);

d) To scale—up fermentation (volume more than 55 litres);

e) To ensure a close association between laboratory, field testing
and pilot fermentation,

FUTURE RESEARCH IN THE FIELD OF MOLECULAR AND GENETTC ENGINEERTNG AND
MODE OF ACTTION

Current status

A considerable amount of research is being undertaken in this area in
several laboratories throughout the world. Among the topics receiving
cutrrent research attention are the Cry IV toxins of B. thuringiensis
(H~14), and in particular the interaction between Cry IV toxin active
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against mosquitos or blackflies, Regions of the toxin molecules
responsible for toxin binding and activity are being delineated. In
the case of the B. sphaericus toxin, current =studies are aimed at
understanding the function of each binary toxin protein in the mode of
action and the host range. A toxin of ca. 110 kDa has recently been
izolated, and its host range and stability are under study.

In the short term, it is clear that the greatest progress will be made
through extending the above studies, as well as through the cloning aud
expression of genes from strains of other serotypes of B, thuringiensis
with activity toward meosquitos and blackflies, for example
B, kyushuensis, fulkuensis, darmstadiensis, morriseni, and the CryIIA
proteins. Toxin genes in strains of B. sphaeriecus encoeding components
showing higher toxin activity also need to be cloned,

In the foreseeable future, receptors for both the Cry IV toxins of
Bt i  and for B, sphaericugs toxins should be identified and iselated
from mesquiteos and blackflies and characterized with regard to receptor
affinity and number. Receptors in highly susceptible insects should be
compared with those in poorly sensitive or resistant inseets, in order
to understand the ecause of reduced susceptibility of these hostz. The
mode of action of both B.t.i. and B. sphaericus toxins must be further
elucidated., The significance of differencesz in aetivation products
among B.t.i., Cry IV proteins should be determined, with a possible
comparizon of activation by cloned mosquite trypsin with mammalian
trypain,

RESEARCH AND DEVELOPMENT OF RECOMBINANT VECTOR CONTROTL.
AGENTS - ULATORY CONSTRAINTS

In the past decade, two microbial control agents, B.t.i and
B. sphsericus have attracted a great deal of attentien for the econtrol
of mosquites and blackflies, B.t.i. has been used for a number of
years in mosquito and blackfly control programmes and B, sphaericus has
recently been commercialized. 1In general, neither of these materials
are persistent and they settle outside the feeding zones of mosquito
larvae, It is possible that these drawbacks can be overcome through
genetic manipulation.

In recent years, the toxin genes alone or in combination have been
cloned in blue-pgreen algae Anacystis nidulans, However, some of these
algae although ingested are not digested. What iz needed therefore, is
cloning in an organism which persists in mosquito larval feeding zones
and which 1is ingested and digested. Another area for recombinant
technelogy is to iIncrease the floatability of B, t.i. and B, sphaericus
by introducing the gvp genes of blue-green algae into the bacterial
cells to produce gas vacuoles for easy floatage. B. sphaericus will be
a good candidate for use in these studies because of its somewhat
greater persistance and recyceling potential.
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1

Deliberate relesase

The consultation addressed the problem of deliberate release of
transformed organisms into the enviromment. This problem needs to be
solved at the national and international levels, before genetically

altered organisms are deliberately released. The process of "risk
assessment"” lies at the root of this controversy. A great deal of
research is needed in order to fully assess the risk. When a

genetically-altered organism is released into the enviromment, there
ate a number of possible outcomes:

a) the microorganism cannot survive in the new enviromnment due to
competition and other disadvantages;

b) the microorganism establishes itself as anticipated and performs
the desired function;

c) the microorganism becomes a "rascal" after release and affects
the environment in an unforeseen and unpredictable deleterious
manner .

It 1s imperative that requirements for the deliberate release of
altered organisms into the enviromment be drawn up after rational
consideration of the secientific basis of the study with respect to the
nature of the microorganism involved, the site of release and
assessment of the potential risks and benefits derived from the
release. The consultation discussed the need for preliminary dialogue
with regulatory agencies to get a reading on the extent of regulatory
requirements for release of genetically-engineered organisms,

In the meantime, it is deszirable to contimte limited studies on
recombinant DNA techneology with the following objectives in mind:

a) Te improve toxin yield in B.t.i., B. sphaericus and others;

b) To broaden the target activity range;

c) Te construct an organism with favourable environmental
attributes.

FORMULATION

In the discussion on further development and use of entomopathogens, it
was emphasized that tailor-made formulations are needed for the control
of vectors in specific situstions. Currently available formulations do
not provide cost-effective control of anopheline vectors of malaria,
In mest of these formulations, the toxin particles settled outside the
feeding zone of mosquito larvae rather quickly. However, preliminary
data on formulating B thuringiensis (H14) and B, sphaericus in surface
spreading film showed increased activity against both Culex and
Anopheles larvae. Toxin particles in the oil film stayed at the
surface for longer periods than toxin partiecles in the powder
formulation. The activity of both pathogens was increased 5-7 fold
against Ano es larvae by simple formulation techniques. This is
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indeed a notable increase in efficaecy which could not be obtained by
other technigues.

Current information derived from the use of controlled-release
formulations was critically reviewed and analyzed., It was neoted that
these formulations (btriquets, tablets and other compositions) are quite
effective in confined mosquite breeding sources. Surface spreading
film formulations will be more suitable for the treatment of large
expanses of water where anophelines breed for limited periods.

The group, however, identified the need for promoting simple and
traditional technology for developing tailor-made formulations. Simple
approaches in solving formulation problems will be more cost-effective
and acceptable to the community than sophisticated formulation
technology.

The final goal should be to develop and promote simple formulation
technelogy through the implementation of systematic applied research
and to promote and facilitate links between Industry scientists, and
speclalists in the various endemic countries,

BASIC RESEARCH

The group discussed the need for research in some new areas which could
expand the options of new stratepgies against vectors. Of immediate
interest were two areas which were considered as having some potential
for research.

Viruses {in the context of genetic enzineerin

So far, in agriculture, the succezz of viruses as biological control
agents has been extremely limited, with the exception of a few
baculoviruses which have been commercialized and used on a small scale.
Difficulties in wvirug culture, storage problems, high cost of
production and restricted host range have prevented their widespread
development.

However, this situation might change as advances in genetic engineering
technology are made. Indeed, the discovery of insect, or more
precisely mosquito, virus strains which are sapecifie, have high
infectivity potential in vectors and at the same time, capability of
transformation, could lead to the development of a new group of
infectious control agents, through the incorporation and expression of
bacterial and other toxins using genetic engineering techmology. With
these techniques it might be possible to reach moszquito adults and
develop a self-sustaining strategy.

This is indeed an attractive possibility but does not deserve high
priority as long as no such mosquito viruses are known, However, the
possibility should be borne in mind and the genetic engineering aspects
researched, if and when such viruses are discovered.
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9.2 Attractants and Semiochemicals
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Mosquitos are attracted to their hosts through odours in combination

with physical stimuli. These c¢ues have been poorly defined.
Similarly, the biology of oviposition attractants is poorly understood
at the chemical or physioleogical level. The effects of odour

combinations (blends) have been studied recently in host finding by
phytophageous pests, but not in human disease vectors with the
exception of one or two groups. Development in this area could lead to
novel attractants for oviposition traps or perhaps added to breeding
sources along with microbial larvicides or other larvicidal agents.

Immediate application of this technology is not expected in the near
future and therefore does not need high priority at this time. A great
deal of basic tesearch is needed to pauge the potential of these
approaches in wvector control programmes.

RECOMMENDATTONS

Inteprated Vector Control

To promote a basic understanding of integrated wvector contrel in
developing countries with greater emphazis on vector bilonomics and
ecosystem analysis,

To investigate the combined role of natural enemies and bacterial
control agents for the development of cost-effective vector control
technology in a wvariety of habitats including thoze of anopheline
mosquitos. Conservation of natural enemies through the use of
selective larvicides (e.g. bacteria) should provide affordable
strategies.

Transf odel projects

To promote and facilitate the exchange of information and ideas between
cooperative programmes in order to maximize benefit.

Through appropriate channels, WHO should publicize the advantages and
safety attributes of microbial control agents such as B.t. i, and
B. sphaericus and this information should be incorporated into the
guidelines for the control of relevant vectors and pest species.

Search and jsolation

Te continue the search for, isolation and evaluation of entomopathogens
especially in areas where such a search has not been carried out
before. To test such isolates against a broad spectrum of mosquitos and
other vectors and to send the most promising isolates to appropriate
coellaborating laboratories for further testing and characterization.

To carry out scale-up fermentation studies on promiszing agents to show
their potential for commercial production.
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Molecular and genetic studies

To continue research on the identification and characterization of
receptors for B.t.i. Cry IV toxins as well as B. sphaericus toxins.

To study the mode of action of toxins of both bacterial agents with the

eventual goal of manipulating them genetically to enhance activity and
to broaden the host range.

Genetic engineering = repulatory constraints

Rather than developing its own guidelines for the deliberate
release of transgenic and genetically-altered organisms, WHO/TDR
should rely on the guidelines established by EPA, NIH, EEC, OECDE
or other national or multinational agencies,

Reszearch projects involving field release of altered organisms in
countries without guidelines for such release, should not be supported.

Formulation

To undertake field evaluations of wvarious formulations with the aim of
making the use of entomopathogens for the control of malaria vectors
and other species cheaper and more effective.

To establish links between scientists in develeped and developing
countries to develop and evaluate tailor-made formulations for specific
situwations,

To collaborate with and seek the assistance of industry in designing
and providing formulations for testing and evaluation in endemic areas,

Resistance managemant

Since no significant resistance to B.t.i and B, s, has been
observed or demonstrated in most natural field populations, it is
recommended that resistance studies not be conducted under
artificial laboratory conditions until a significant level of

reglstance has been decumented in mnatural inseet populations.

When recombinant B.t.i. and other transgenic entities become available,
Laboratory studies should be initiated to compare resistance
development to these transformed organisms.

WHO should not recommend using any single toxin, recombinant strain
until significant research has demonstrated that there would not be a
high risk potential for reszistance development to single toxins.

Bacillus brevis and Cleostridium bifermentans malaysia

Since both B, brevis and €. bifermentans malaysia are unique bacterial
agents pathogenic to snails, mosquitos and blackflies, it is
recommended that further studies be continued on these agents to
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characterize the toxic proteins and biogenesiz of such toxins.
Further, it is recommended that the toxins of {,b.m, be purified,
characterized and the pgene(s) responsible for toxin production be
identified and cloned into a suitable organism which can be easily
fermented,

Samples of B, brevis active isolates should be produced in sufficient
quantities and provided to other laboratories for te$ting against
Biomphalaria glabrata and other snail species.
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