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SUMMARY 

The Scientific Working Group (SWG) on Biological Control of Vectors, at its fourth 
meeting, reviewed the potential of biological control agents, together with the service 
activities necessary for the efficient administration of research and for the channelling 
of results into practical application. The fungi, predators, parasites and competitors 
were reviewed in depth, and a plan of action was outlined for the next five years. 
The agents were arranged in order of priority as follows: 

Priority 1: Agents likely to be used in the near future 

This group contains Bacillus thuringiensis serotype H-14, which is on the verge of being 
commercially viable against a wide range of mosquitos and blackflies. A "mosquito" fish, 
Garnbusia affinis, has been operational for many years, with varied success; this may require 
additional research for local use. 

Priority 2: Agents ready for field evaluation 

This contains Bacillus sphaericus, which could soon be commercialized for medium
scale field tests, and five fish and fungi. 

Priority 3: Agents needing more research before extensive field evaluation 

This group includes fungi, fish, a parasitoid group, a nematode and a competitor 
snail. 

Agents of lower priority would receive limited support, largely for preliminary 
opportunistic research. Work on some agents was sufficient to indicate that they were 
unsuitable for manipulation for biological control. 

Emphasis was placed on agents that controlled vectors transmitting the diseases listed 
in the Special Programme. Contact should be established with several United Nations 
Programmes and Organizations to help bring these agents into practical use, either alone 
or integrated with other vector and disease control measures. Present efforts to disseminate 
information and to strengthen institutes in developing countries should be continued and 
improved. The SWG recommended that its 1981 meeting review only the areas of particularly 
rapid progress, mainly the bacteria, and that its 1982 meeting review all groups of pathogens 
in-depth, in association with a symposium on BCV. The fish were recommended for an 
informal WHO consultation in 1981. 

In view of the forthcoming in-depth review of the SWG's activities by the Scientific 
and Technical Review Committee (STRC) in April 1981, this report has been made comprehensive 
for early presentation to that committee. 

1. INTRODUCTION 

The fourth meeting of the Scientific Working Group (SWG) on Biological Control of 
Vectors (BCV) was held in Geneva, Switzerland, on 6-10 October 1980. (A list of 
abbreviations is included in section 12 for easy reference). 

The research on vector control in the Special Programme is carried out by the 
epidemiological/field research component(s) of the SWGs responsible for malaria, 
schistosomiasis, filariasis, Chagas' disease, African trypanosomiasis and leishmaniasis, 
as well as by the BCV SWG. In view of the recommendation of the Scientific and Technical 
Advisory Committee (STAC) in September 1979, subsequently endorsed by the Joint Coordinating 
Board (JCB) in December 1979, the terms of reference of the SWG on BCV, which involved 
vector pathogens, have been broadened to include parasitoids, predators and competitors 
of vectors and intermediate hosts. 
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Research on the biological control of vectors has reached the stage at which certain 
agents, in particular some entomopathogenic spore-forming bacteria, could be put into 
operational use in the near future. Links have therefore been established with industry, 
the Food and Agriculture Organization (FAO), the United Nations Environmental Programme (UNEP) 
and the United Nations Industrial Development Organization (UNIDO) to ensure a smooth transfer 
of research information to practical application that will strengthen the vector control 
component of primary health care in tropical countries, A "mosquito" fish, Gambusia affinis, 
is already regarded as operational in some areas. 

The broadening of the terms of reference of the SWG to include parasitoids, predators 
and competitors has presented a considerable challenge that requires restructuring of the 
group to include specialists in these fields. A large part of the present SWG meeting was 
accordingly devoted to the preparation of a plan of action concerning these agents. Special 
emphasis was also placed on a thorough review of the SWG Plan of Action concerning fungal 
agents. 

The activities of the SWG will be scrutinized during the coming months by a Scientific 
and Technical Review Committee (STRC) established by the STAC. The STRC report will be 
submitted to the STAC in September 1981 and through it to the JCB meeting the same year, 
thus forming the basis of STAC's recommendations and JCB's decisions about the future 
orientation and levels of funding of BCV SWG activities. Consequently, this report of the 
fourth SWG meeting is sufficiently comprehensive on all agents to provide a good basis 
for the agreed layout of the STRC in-depth review. The ultimate purpose of the BCV SWG 
activities is the production of new, and it is hoped, more effective vector control tools 
for the prevention and control of vector-borne diseases affecting tropical countries. 
A series of background documents on the epidemiology and control of these diseases was 
provided by the BCV Secretariat, so that decisions regarding SWG priorities could realistically 
take account of the specific problems faced at present in disease control. Special 
attention was given to the reorganization of the scheme for the screening and development 
of biological control agents resulting from the broadening of SWG activities, so that this 
diversification could be pursued in a coherent manner, Great emphasis was also placed 
on the development of a network of collaborating institutions in the tropical areas, 
the dissemination of information by existing institutions collaborating with WHO 
(as well as through conventional WHO channels), and the action required for the production 
and formulation of promising agents in countries where they are urgently required. 

An updated research and development programme for 1981, with projections for the 
bienniums 1982-83 and 1984-85, was prepared accordingly for the information of the STRC and 
the guidance of the BCV Steering Committee, taking into account the limited availability of 
funds. 

2. STATEMENT OF OBJECTIVES 

The objectives of the BCV SWG are: 

to identify, evaluate and develop biological agents for the safe and effective 
control of vectors and intermediate hosts of the human diseases covered by the Special 
Programme, with special emphasis on rapid and practical application by target-oriented 
research; 

to support these objectives by identifying and satisfying institutional needs for 
strengthening research, staff and educational capacity, and to conduct research as far as 
possible at centres in endemic countries of vector-borne human diseases; 

to ensure a smooth, efficient transfer of research results to application for 
controlling these diseases through the dissemination of information, the sponsoring of 
mass-production of promising biological agents, and the practical application of the 
agents in operational programmes; 
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interaction with other TDR SWGs and RSG, as well as with other UN Programmes and 
Organizations such as FAO, UNEP, UNIDO, etc. 

3. STRATEGIC PLAN 

3.1 Biological Control Research 

The strategic plan was developed in accordance with the guidelines for evaluatiny and 
developing biological pathogens proposed by the WHO Expert Committee on Insecticides. 
The plan, which provided for five stages of feasibility and efficacy evaluation as well as 
for mass-production, stability, formulation and safety studies, was approved by the SWG at 
its first meeting. It was modified, and a similar plan (Table 1) with roughly comparable 
progress stages, was prepared for the parasitoids etc. by the SWG at its fourth meeting, 
with special emphasis on environmental impact, As each successive significant result 
emerges, the potential of the agent is reviewed. The scheme is not intended to dictate a 
rigid order of activities, which must vary according to the individual agents and their 
proposed uses. Some aspects, such as the formulation and standardization of pathogens, 
will sometimes be developed in conjunction with industry or researchers outside the Special 
Programme to take advantage of their expertise in this field. 

The SWG periodically reviews information, both published and unpublished, to determine 
the priority ranking of the biological agents which could be supported by the Special 
Programme. The priority list, as reviewed by the fourth meeting of the SWG, is given below. 
(Within a priority group, agents are listed alphabetically, not in order of priority.) 

Priority 1: 

Priority 2: 

Priority 3:' 

Priority 4: 

Agents likely to be widely used in the near future 

Bacillus thuringiensis, serotype H-14 (bacterium) 
Gambusia affinis (fish) 

Agents ready for field evaluation 

Aplocheilus spp. (fish) 
Bacillus sphaericus (bacterium) 
Culicinomyces clavosporus (fungus) 
Poecilia reticulata (fish) 
Romanomermis culicivorax (nematode) 
Toxorhynchites spp. (predacious mosquito) 

Agents needing more research before extensive field evaluation 

Aphanius dispar (fish) 
Coelomomyces spp. (fungi) 
Exhyalanthrax spp. (flies, parasitoids of tsetse fly) 
Lagenidium giganteum (fungus) 
Leptolegnia spp. (fungi) 
Marisa cornuaretis (competitor snail) 
Nothobranchius spp. (fish) 
Romanomermis iyengari (nematode) 
Tolypocladium cylindrosporum (fungus) 

Group A: insufficient information to evaluate control potential 

Baculoviruses (viruses) 
Dimorphic microsporidia (protozoa) 
Hellobdella sp. (leech predator of snails) 

1world Health Organization Technical Report Series, 561, Geneva, 1975, 35 pp. 
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Monomorphic microsporidia of mosquitos and snails (protozoa) 
Mutillidae (wasps, parasitoids of tsetse fly) 

Priority 5: 

* 

Octomyomermis muspratti (nematode) 
Oryzias spp. (fish) 
Turbellaria and Microturbellaria (flatworms) 

Group B: control potential limited 

Ctenopharyngodon idella (fish) 
Entomophthoraceae (funRi) 
M h . . . 1" * . * etar ~z~um an~sop ~ae , Beauver~a spp. (fungi) 
Tilapia spp. (fish) 
Sciomyzidae (predators and parasitoids of snails) 

Agents unlikely to be used in biological control programmes 

Densonucleosis viruses 
Iridescent viruses 
Limonogeton feiberi (predator of snails) 
Culex (Lutzia) spp. that bite man (predacious mosquitos) 
Neoaplectana spp. (nematodes) 
Nesolynx spp. (parasitoid of tsetse fly) 

Until more efficient strains are found 

3.2 Development of a Network of Scientists and Institutions 

There is an urgent need to develop a network of collaborating institutions in tropical 
countries for biological control of vectors. Such centres could limit their initial 
contributions to the search for and preliminary evaluation of new agents, and to the 
evaluation of both new local agents and samples produced by reference laboratories or by 
industry. Eventually these centres could play a key role in the development of candidate 
agents at the regional level and their integration with other methodologies under consideration 
for disease control. 

This activity has inevitably started at a modest level due to the lack of both resources 
and suitable institutions. The main efforts to date have been in South Korea, the 
Philippines, Thailand and Nigeria, involving the allocation of research grants as well as 
visits of experienced biological control specialists. It is also recognized that there are 
some institutions already undertaking vector control activity outside the Special Programme. 
Efforts are made to cooperate with such centres, as for example, the Research Centre in 
Pondicherry and the University of North Carolina. Help is sought worldwide from specialists 
in identifying new agents. In addition, Commonwealth Agricultural Bureau (CAB) Institutes 
provide a wide-ranging identification service for insects, mites, fungi, some bacteria, 
helminths and nematodes, which is free to member governments. 

3.3 Dissemination of Information 

Worldwide dissemination of information is very important to the BCV programme in 
providing contacts and data on new developments in biological vector coritrol. At present 
there are three main channels of communication and a fourth is at the advanced planning 
stage. 

A supplement to the WHO Bulletin will be issued in early 1981, devoted entirely to 
annotated bibliographical references on biological control agents of vectors, to complement 
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a similar issue published in 1977.
1 

Specific data sheets (section 11) summar1z1ng relevant information on 12 agents have 
been issued in the WHO/VBC mimeographed series, and will be updated as appropriate. 
Additional data sheets on Dugesia dorotocephala, Entomophthora destruens, Neoplectana 
carpocapsae, Lambornella sp. and the Entomophthorales in general are nearly complete, while 
others on predatory mosquitos and on fish are being drafted. These data sheets and back
ground documents are widely disseminated to relevant scientists and institutions, as well 
as to industry, potential research applicants to the Special Programme, and training 
institutions. 

Links have been established with FAO, UNEP, UNIDO, IOBC, CIBC and industry to develop 
biological control agents from isolation to mass-production for practical field application 
in tropical countries. Should resources permit, workshops will be organized from 1982 
onwards to review on a regional basis the prospects for development and application of the 
most promising biological control agents. 

Planning has reached an advanced stage in the production of educational material for 
dissemination to institutions which train biologists in the fields of medical/veterinary 
entomology and vector control at the post-graduate level. A publication on vector pathogens 
and parasites will soon be ready and subsequently will be complemented by sets of 
transparencies and slides for demonstration. 

4. SUMMARY OF RESEARCH AND DEVELOPMENT UNDER THE PLAN 

The following is a review of worldwide activities under the plan both within and outside 
the Special Programme; an abbreviated form is presented in Table 2. 

Table 3 illustrates the human diseases against which the agents in advanced stages of 
evaluation might be used. 

4.1 Studies on Individual Control Agents 

The nature of target vectors and intermediate hosts largely determines the potential 
of biological control agents. These targets are unique in that most have an aquatic develop
mental feeding stage (or are entirely aquatic) and many feed as adults on mammalian blood. 
Most pathogens of invertebrates are transmitted in the invertebrate's food and because 
they cannot be added to blood they can be used only against the aquatic stage as larvicides 
or molluscicides. Only certain fungi, parasitoids and predators can be used as adulticides 
against the insect. The fungi being effective only in humid environments. Thus the main 
impact of biological vector control will be larvicidal, molluscicidal and competitive in 
water, so that for each local human disease problem existing knowledge of the likely value 
of these practices must be taken into account. In addition, biological agents themselves 
have special requirements, so that the greatest importance must be attached to the environment 
and to the biology of the host, e.g. the exact feeding places of mosquito larvae. 
Biological agents are sometimes able to search or reach inaccessible places which are often 
costly or impossible to treat chemically. 

Vectors are curbed already to a very considerable extent by natural limitations. 
Biological control must either improve on that exerted by nature or introduce biological 
agents where they do not exist at present. There are four ways of doing this: 

(a) by adding an inundative amount of an existing agent or a new agent to the 
environment, 1.e. using pathogens as microbial insecticides disseminated like chemicals, 

1 
Roberts, D.W. & Strand, M.A. Pathogens of medically important arthropods, Bull. Wld Hlth 

Org., 55: Suppl.l, 419 pp. (1977) 
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or the mass release of predators or parasitoids. The large quant1t1es involved require 
an industrial or a large governmental effort for production of the agents; 

(b) by supplementing an agent that may already be recycling or breeding at an 
inadequate level; 

(c) by applying the agent early in the vector breeding season to advance natural 
control and prevent peak vector populations. As in (a), both (b) and (c) require industrial 
or governmental effort; 

(d) by applying agents which are new to an area and which are able effectively to recycle. 
These are often very specific and may attack only one vector species. Control is usually 
incomplete but possibly adequate to break the human disease infection cycle. Alternatively, 
several such agents may be used together to achieve this result. Since vast amounts of the 
agents are not needed, enough may be produced in research facilities, or expensive, labour
intensive methods such as in vivo culture in vector populations may be used for these small 
quantities. 

Since large amounts of the agents are required for methods (a), (b) and (c), in vitro 
methods of production or easy mass-rearing of parasitoids and predators are essential. 
Pathogens produced in vivo are largely limited to method (d). 

For these reasons biological agents have been grouped below, when appropriate, 
according to their potential for mass-production and their expected operational characteristics. 
Table 4 shows the allocation of funds grouped by agent and type of research activity. 

4.1.1 Bacil!us thuringiensis, serotype H-14 

This bacterial species is defined mainly by having a proteinous toxin (delta endotoxin), 
normally in the form of a crystal, and insecticidal activity based mainly on this toxin. 
Of 22 varieties, serotype H-14 (also known as~-~· israelensis) is the most promising 
biological agent under development for the control of mosquito and blackfly larvae. It is 
on the verge of large-scale industrial production in the Northern Hemisphere and the feasibility 
of its local production by industrial groups from the tropics is also being investigated. 
Formulations containing !·!· H-14 are non-residual larvicides for mosquito and blackfly 
control with a tremendous safety margin for man and other non-target organisms. B.t. H-14 
would compete with conventional chemical larvicides such as temephos, fenthion, chloryprifos, 
insect growth regulators and similar chemicals, particularly now that resistance to temephos 
has been encountered in Simulium damnosum complex. 

Data on safety of B.t. H-14 for mammals were obtained in the USA and France. 
All the available results show that B.t. H-14 is as safe for mammals as the other serotypes 
of !· thuringiensis which do not produce beta exotoxin and are extensively used for crop 
protection purposes in many countries (over 8,000 tons applied worldwide up to 1979, largely 
on food crops). 

Results of environmental effect studies have been published in Czechoslovakia, France, 
the Ivory Coast and Switzerland. All indicate that B.t. H-14 is specific for a small number 
of target groups, in particular Culicidae and Simuliida;, and affects only a few closely 
related non-target organisms when very high dosages are applied. Additional studies are 
under way, particularly in Korea, Thailand, Egypt and' the USA. 

Resistance spectrum studies carried out in the USA, with a large array of mosquito 
strains representing all major types of insecticide resistance, have shown no indication 
that the action of the delta endotoxin of B.t. H-14 could be reduced by cross-resistance 
phenomena. Resistance of caterpillars to agricultural strains did not occur in the laboratory 
under intense selection pressure for many generations. 
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Studies on the stability of the delta endotoxin under tropical storage were carried 
out in Nigeria, the Ivory Coast and Guyana, and were complemented by laboratory simulations 
by ORSTOM in France. They have shown that this toxin is extremely stable under such 
conditions and can withstand a temperature of 80°C for some time without losing effectiveness. 

Laboratory and small-scale field studies carried out with B.t. H-14 primary powders and 
experimental formulations against mosquito larvae in many countries, and against blackfly 
larvae in the Ivory Coast and the USA, have confirmed the potential of this agent for 
vector control; however, they indicate that it is essential to increase the content of 
active material and produce formulations with a better particle size and suspensibility 
to realize this potential. Research is under way in the Ivory Coast and the USA to 
determine the particle size spectrum and suspensibility characteristics required for the use 
of !·~· H-14 formulations for blackfly and mosquito control respectively. Large-scale 
field evaluations have fully confirmed that the success of such formulation research would 
make!·~· H-14 fully operational. In a river, total control of blackflies was obtained 
at 20 km and 90% mortality at 35 km from the point of release. 

Investigations on B.t. H-14 endotoxin characterization and mode of action are in 
progress in the USA and France. All evidence available to date indicates that the 
characteristics and mode of action of this endotoxin correspond to what is already known 
about!· thuringiensis endotoxins in general, although the aminoacid spectrum of B.t. H-14 
endotoxin is slightly different from those already established for other !·~· serotypes. 

A batch of !·~· H-14 spore crystal powder, IPS-78, was recommended for general use as a 
standard by the SWG. It proved less stable than desired; a new and better standard is 
being produced with a longer shelf life. During the same meeting, the SWG recommended 
the international adoption on a trial basis of a standardized bioassay method for measuring 
the potency of experimental and commercial primary powders and formulations of !·~· H-14-
This information was disseminated as widely as possible. Subsequent evaluation showed 
that the method had limitations and an improved method is under trial. It is expected that 
a method will eventually be endorsed by the relevant WHO Expert Committee. 

Several private and 
powders and formulations 
various institutions and 
the USA and the USSR. 

public industrial groups have undertaken mass-production of primary 
of B.t. H-14 for vector control. Links have been established with the 
groups concerned in the People's Republic of China, France, 

Discussions are in progress to develop interim specifications for these 
materials, preferably by consensus. 

All new 
far belonged 
by bioassay. 
early 1981. 

isolates of !· thuringiensis potent against mosquitos and blackflies have so 
to the H-14 serotype, but activity against insects can be differentiated only 

Registration in the USA for unrestricted use is expected in late 1980 or 

The activity of B.t. H-14 is unaffected by salinity, pH within reasonable limits and 
water temperature, but it is less effective in polluted than in clear water. 

4.1.2 Bacillus sphaericus strain 1593 

This species is recognized by biochemical characteristics and by the round shape of its 
spore. Progress with the entomopathogenic strain 1593 has been uneven due to the hetero
geneity of the various batches of experimental material under study. On an industrial scale 
it is less easy to produce than!·£· H-14. 

Results of investigations on the safety of !· sphaericus 1593 for mammals have been 
released in France and in the USA. All data confirm that the strain 1593 is innocuous 
for mammals under normal conditions of exposure. Environmental effect studies were continued 
and no harmful effects for non-target organisms were observed. 
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In laboratory and small-scale field studies the strain 1593 was quite pathogenic for 
larvae of Culex and certain species of Anopheles. It was less effective against certain 
species of Aedes, and in particular very high dosages were needed to kill Ae. aegypti larvae. 
Field evaluations in the USA have shown that, once introduced under favourable ecological 
conditions, this strain may multiply in the environment at an operationally effective level, 
obviating the need for very frequent applications. This was observed in stabilization ponds 
of sewage water treatment plants. Activity persists in ponds past the chlorination point 
because insecticidal activity is due to a toxin, probably proteinous, located mainly in the 
walls of cells and spores. 

Scientists of the Lee County Mosquito Control District, Florida, USA are now routinely 
producing brews of ~· sphaericus 1593 for local use against mosquitos. Evaluations have also 
shown that research on formulation particle size and suspensibility is essential to ensure 
some residual larviciding effectiveness in the absence of multiplication in the environment. 
The strain may recycle in populations of larvae or may persist for long periods, as shown in 
treeholes. 

Characterization and mode of action studies have progressed slowly in the USA, 
due to difficulties encountered in isolating the toxin. However, available data constitute 
a good basis for the development of a standardized bioassay method to measure the potency of 
experimental primary powders and formulations; attempts are being made in France to develop 
such a method. 

There is no doubt that ~· sphaericus 1593 could be the basis of larvicides for mosquito 
control, in particular for use against Anopheles and Culex, once stable primary powders and 
formulations are routinely developed. Industry has shown a renewal of interest and firms 
in the USA and France have provided some experimental material to the Special Programme 
for evaluation. 

Methods for identification of strains have recently been developed. Numerical taxonomy 
and DNA-DNA hybridization both differentiate mosquito-pathogenic strains into a single group. 
H serotyping divides this group into five types, while bacteriophage typing recognizes the 
same five types and also splits one type into two groups, but includes two non-toxic forms 
in an otherwise insecticidally-active group. Insecticidal activity can be differentiated 
only by bioassay. 

4.1.3 Fungi with non-motile spores which can be grown on artificial media (Fungi Imperfecti 
and Entomophthoraceae) 

Imperfect fungi of the genera Culicinomyces, Tolypocladium, Metarhizium and Beauveria 
can be readily produced on artificial media yielding conidia infective for many vector 
species, particularly mosquito larvae. In this case, the conidia are dispersed passively. 
Studies have concentrated on the isolation, production, and, to some extent, formulation of 
efficacious larvicidal strains. Entomophthoraceous fungi, which also produce conidia, are 
primarily being evaluated for potential use against adult Diptera. These conidia are sticky 
and dispersed by ejection. 

4.1.3.1 Culicinomyces clavosporus 

Two isolates of this fungus exist, the type species described from An. quadrimaculatus 
in the USA and an earlier isolate from An. hilli in Australia, which has been intensively 
studied and recently identified as belongin~the same species. The general life cycle 
is typical of the Fungi Imperfecti, with reproduction by asexual production of conidia. 
Invasion follows ingestion, the conidia attaching themselves to the chitinous lining of the 
foregut and hindgut where they germinate and penetrate into the haemocoel. The living larva 
is colonized by the fungus and, after larval death, a layer of mycelium forms on the thorax 
and abdominal cuticle, producing copious conidia. 
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All mosquito species tested have been susceptible to infection, including larv~e of 
Anopheles, Aedes, Culex, Culiseta, Psorophora, and Uranotaenia. Larvae of several specias 
of Ceratopogonidae, Chironomidae, Chaoboridae and Simuliidae are susceptible, but most other 
aquatic invertebrates appear to be refractory. Furthermore, in laboratory safety studies, 
the ingestion of large amounts of conidia produced no clinical or pathological effects in a 
variety of mammals. A bioassay technique has been developed in Australia in which LC50s of 
the order of 103 conidia/ml are regularly achieved with first-instar larvae of Anopheles, 
Culex and Aedes mosquitos after four days' exposure to the fungus. 

Both the Australian and US strains grow on a variety of artificial media and produce true 
conidia in liquid fermentation culture with yields of 2-3 x 107 conidia/ml. The production 
of 750-litre fermenter batches using corn steep liquor in Australia has demonstrated the 
feasibility of mass-production, on a semi-industrial scale, but yields must be improved if 
economic vector control is to be achieved. Conidia in aqueous suspension die after several 
weeks at 25°C, or several months at 4°C or -20°C, but they remain potent for at least six 
months at -70°C. However, a commercially acceptable production, storage and application 
methodology has yet to be developed. 

A small field trial demonstrated that ~- clavosporus killed Ae. rupestris larvae 
breeding in rock pools, and good activity was achieved against An. annulipes and Cx. quinque
fasciatus larvae in sentinel cages at dose rates of 5 x 109 and 1olU conidia/m2 • A field 
trial in a 300 m2 natural pond reduced Cx. australicus larvae by 95% at an application rate 
at 1olO conidia/m2. However, though this fungus has the potential to recycle, it did not 
suppress the target larvae beyond one generation. Thus ~- clavosporus has a broad host 
range among medically important Diptera and can be effective under field conditions using 
inundative rates of application at water temperatures below 30°C. 

4.1.3.2 Tolypocladium cylindrosporum 

T. cylindrosporum infects mosquito larvae, an act~v~ty discovered during investigations 
funded by the Special Programme. First isolated from Ae. australis larvae in New Zealand 
and later Ae. sierriensis in northern California, it wa;-originally known from soil in Europe. 
Infected larvae occur in brackish ground pools or treeholes at 20-30°C. Infection and 
development in a larva is the same as that of Culicinomyces. Infected larvae become sluggish 
by day 5 and die by day 10 after exposure to conidia. Only active feeders are infected, 
as infections of pupae and adults are not found in nature or in laboratory tests. Infected 
larvae often float to the surface where they produce white mycelium. 

The fungus grows well on nutrient
8
agar and other standard mycological media. In broth 

cultures, spore concentrations near 10 /ml are obtained. Conidial suspensions of 105 to 
107 conidia/ml kill 80-90% of larvae of numerous important vector species from many parts 
of the world. These include Ae. polynesiensis, a major vector of Bancroftian filariasis 
over much of the South Pacific, for which there is no solution at present. Because the 
fungus kills Ae. polynesiensis larvae in brackish water it may be suitable for use in crab
holes. Conidial suspensions are also effective against Ae. pseudoscutellaris, the 
second main vector of filariasis in Fiji, An. arabiensis, the main vector of malaria in 
Sudan, Cx. tritaeniorhynchus, vector of Japanese Encephalitis B and Ae. togoi, the vector 
of Malayan filariasis in South Korea. However, improved production yields and a greater 
potency will be required to achieve economic vector control. 

Among non-target insects, surface application of conidial suspensions killed caterpillars 
of Pseudaletia unipuncta, Spodoptera exigua and Galleria mellonella in the laboratory. 
The fungus has also been isolated from lovebugs (Bibionidae) in Florida and glowworms 
(Lampyridae) in New Zealand. 

The survival of T. 
populations of mosquito 
field. The shelf-life 
is no evidence that T. 

cylindrosporum in soil and its regular appearance 
larvae provides some indication of its ability to 
of conidia in the laboratory is about two months. 

cylindrosporum produces larvicidal toxins. 

in natural 
persist in the 

Presently, there 



4.1.3.3 Metarhizilim anisopliae 

TDR/BCV-SWG(4)/80.3 
page 11 

M. anisopliae is widespread, isolated from over 200 species of insects in seven orders. 
It ha; the same life cycle as that of the previous groups, but conidia usually invade 
through external insect cuticle. However, when conidia are used as a mosquito larvicide, 
the reproductive cycle is not completed. Instead, after adhering to the perispiracular 
valves, the conidia germinate producing hyphae which obstruct the main tracheal trunks, 
death resulting apparently from suffocation and toxins produced by the fungus. Hyphal body 
formation is minimal and no new conidia are produced. Under laboratory conditions, larvae 
of most mosquito genera are susceptible, as well as larvae of Musca domestica and nymphs of 
Rhodnius prolixus. The fungus grows on many agar-based media. Substrates such as moist 
rice or bran may also be used, rice at present being preferred for producing conidia for field 
trials. 

Although ~· anisopliae has been considered a prom1s1ng larvicide by some investigators 
for over a decade, recent field trials against species of Culex, Aedes and Anopheles 
demonstrated that strains currently available are not effective enough to be operationally 
promising, and therefore do not warrant further development as larvicides. Rates as high 
as 6 kg conidia/hectare failed to produce acceptable levels of mosquito control. 

4.1.3.4 Beauveria spp. 

Beauveria spp. operate against mosquitos in a manner similar to M. anisopliae. Little 
work has been done on these fungi for the past 10 years, but conclusi~ns reached concerning 
M. anisopliae are probably valid for Beauveria spp. due to the similar modes of action 
of these fungi. 

4.1.3.5 Entomophthoraceae 

These fungi play an important role in natural reduction of mosquitos, blackfly, sandfly 
and muscoid fly populations. Methods of isolation and cultivation of the different strains 
involved have been developed, some having a shelf life of as long as six years. Seven 
species infect vector insects. The ability of these fungi to produce conidia after 
germination of resting spores will to a large degree determine their potential. Photoperiod 
and dew point are important factors involved in the activation of spores. Cultivation 
conditions are comparatively sophisticated, so that these fungi may be used at present 
only for single or infrequent release. Experimental transmission of !· muscae in confined 
muscoid populations-was achieved with the use of infected muscoid flies. Initiation 
of a focus of infection of E. destruens among hibernating adult mosquitos is possible 
with Cx. pipiens. 

Aquatic Entomophthoraceae attacking blackflies, mosquitos and tabanids have been 
described and appear to play a role in natural epizootics, which have not yet been induced 
by man. Taxonomic studies have contributed to our understanding of host specificity and 
natural potential for recycling of these fungi. For instance, studies in tropical savannas 
indicate that they may be rare in regions with very long dry seasons. Introductions and 
field applications of certain species during the rainy season in selected habitats 
(huts, vegetation, garbage disposal areas and traps) are planned, eventually to be 
complemented with releases of infected hosts from laboratory colonies. 

4.1.4 Fungi with motile spores which can be grown dn artificial media (Oomycetes) 

These fungi can be readily produced, their motile spores give them some power of search 
and they can recycle in insects as well as increase saprophytically in the environment. 
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4.1.4.1 Leptolegnia sp. 

Leptolegnia sp., an unnamed new species of water mold (Oomycete), is a facultative 
parasite of mosquito larvae. Zoosporangia, which develop from vegetative mycelium, produce 
apically-biflagellate primary zoospores. These spores are sluggish swimmers and rapidly 
encyst. From each cyst a laterally-biflagellate secondary zoospore emerges, swims 
vigorously and infects a mosquito larva. Two modes of infection have been observed, 
either through the cuticle or orally if larvae graze over substrates bearing the fungus. 
After death of the host larvae, usually within 24-36 hours after infection, hyphae grow 
out through the cuticle to form a characteristic "fringe" around the larva. Zoosporangia 
from these hyphae begin a new cycle. Sexual organs (oogonia and antheridia) also develop 
on the external hyphae and form a thick-walled oospore. The fate of the oospore is 
unknown, but comparison with related genera indicates that, following a period of dormancy, 
it will form either zoospores or a mycelium. 

As a facultative parasite, Leptolegnia sp. can survive saprophytically on detritus. 
Reisolation of the fungus over a two-year period from dried pool beds demonstrates its 
ability to persist in larval habitats. The known host range includes Ae. aegypti, 
Cx. quinquefasciatus, An. quadrimaculatus and An. albimanus. Non-target hosts have not 
been determined. 

Leptolegnia sp. is easily grown on various broths and agar media. Many zoosporangia 
and oogonia develop when mycelia are transferred from these media to water. The fungus 
is intolerant of temperatures above 30°C, high pH (8) and salinities in excess of 12.5 g/1. 
Periodic passage through mosquito larvae must be made to maintain the reproductive capacity 
and/or pathogenicity of in vitro cultures. 

Against first- and second-instar larvae, 100% infection has been achieved with 
Ae. aegypti and Cx. quinquefasciatus, 96% with An. quadrimaculatus and 83% with An. albimanus. 
Infection rates with third and fourth instars of Ae. aegypti were 31% and 12% respectively. 
Accurate quantitative bioassays are not yet available for assessing zoospore activity. The 
ease of laboratory production indicates few problems when scaling up, but the best form 
of large-scale dissemination has not been determined. The oospores appear to have several 
advantages, particularly their ability to survive in unfavourable conditions. 

Leptolegnia sp. is promising because it has a wide mosquito host range, it persists in 
the environment, it can recycle, and it is easily produced on artificial media. Potential 
limits to its use include intolerance to high temperatures, salinity and pH. Its greatest 
potential at present seems to be as a seed in mosquito habitats to establish long-term 
reservoirs of infection for fresh-water mosquito species in temperate zones. 

4.1.4.2 Lagenidium giganteum 

The above information for Leptolegnia sp. applies equally to ~· giganteum. Zoospores 
infect many mosquito species including those of the genera Aedes, Culex and Anopheles. An 
estimated 7 x 105 zoospores in 100 ml of tap water killed all 25 three-day-old larvae of a 
variety of Aedes and Culex species. Except for the advanced fourth, all larval instars 
are susceptible, but pupae and adults are refractory. Reports of activity against anopheline 
species conflict, but in general it is less than for species of Culex and Aedes. 

In small, preliminary field trials where diseased larvae were introduced to 2 x 8 ft 
ponds, the fungus appeared to significantly reduce the Cx. restuans population, and infected 
species of Anopheles and Psorophora. At one site in a Californian rice field, triturated 
diseased cadavers sprayed on to the water (potential yield of 3 x 105 zoosporesfm2) killed 
all larvae of Cx. tarsalis in five days under favourable environmental conditions. Trials 
at other sites-;ere less conclusive. The fungus has been isolated from treated sites for 
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five consecutive years, demonstrating that it can survive rice cultivation practices. It 
recycled annually, killing 90-95% Cx. tarsalis during the months of May to July, but then 
it usually began to fail, often completely disappearing during the remainder of the summer, 
for reasons as yet unknown. A clear need was thereby indicated for further studies on the 
hydrobiology of this fungus. Techniques for storage and application of sporangia or 
zoospores are in the preliminary stages of development. 

4.1.5 Fungi with motile spores which can be produced only in living hosts 

4.1.5.1 Coelomomyces spp. 

Unlike the genera discussed so far, Coelomomyces has a large number of species (about 
60), mostly from mosquito larvae. Many species attack only one mosquito, while others 
have a broad host range (e.g. C. indicus which attacks 18 mosquitos in three genera) and 
attack mosquitos in all major genera. Most species require a crustacean as intermediate 
host to complete their life cycle, involving an alternation of a sexual generation in the 
crustacean host and an asexual generation in a definitive mosquito host. Mosquito 
infection is initiated by a biflagellate zygote which invades the larva via the cuticle and 
produces an extensive mycelium. This forms thousands of sporangia, eventually killing the 
larva, when the sporangia release uniflagellate meiospores which infect a crustacean. 
These develop into gemetophytes that become gametangia. At maturity the fungus kills the 
crustacean and releases gametes which form mosquito-infective biflagellate zygotes, so 
completing the life cycle. 

All species are obligat~ parasites and none has been cultured in vitro. However, recent 
studies demonstrated limited growth of the sporophyte in insect tissue culture media. 
Current in vivo methods of production cycle the fungi in laboratory or field through their 
natural hosts. Methods have been developed for synchronizing infection and growth of 
intermediate copepod hosts, enabling the routine production of several of these fungi. 

A primary advantage of these fungi is their documented ability to recycle yearly, often 
causing epizootics that kill 90-100% of larvae in suitable habitats. The improved methods 
of in vivo production will allow the introduction of selected fungi into habitats where they 
are unknown, once appropriate studies on safety and on non-target organisms have been 
completed. 

In other studies supported by the Special Programme, intermediate hosts for several 
species of Coelomomyces occurring in Fiji, Korea and Africa have been investigated and 
tentatively identified. These attack the important vectors Ae. togoi, Ae. polynesiensis 
and An. garnbiae. 

4.1.6 Protozoa 

4.1.6.1 Dimorphic microsporidia 

Dimorphic microsporidia of mosquitos all have two separate developmental cycles, each 
leading to the formation of a distinct type of spore. One, which occurs in the female 
mosquito, results in binucleate spores that eventually infect eggs. The other, which 
occurs in male larvae, always causes an extremely heavy infection with a massive production 
of uninucleate spores, killing the host. Meiosis occurs in this phase. There are 
variations to this pattern in which the meiotic cycle occurs in both host sexes, and with 
varying degrees of pathogenicity. Although only vertical transmission has so far been 
proven, another mode of transmission must surely exist for these microsporidia to remain 
in the host populations. An exception to this general pattern is found in Hazardia (Stempellia) 
milleri whi~h can be experimentally transmitted per os to larvae of other host species. 

The known microsporidia of blackflies are probably all of the dimorphic type, although 
no transovarial cycle has yet been described. In fact, even accounts of infected adults are 
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rare. Evidence of transovarial transmission is from infections in larvae reared from field
collected eggs. Infected larvae are commonly found, but experimental infections have not yet 
been produced by feeding spores from these larvae to uninfected conspecific larvae. 

Good progress has been made in the development of new electrophoresis and immunological 
methods for the accurate identification of microsporidians of mosquitos and other insects. 

4.1.6.2 Monomorphic microsporidia 

These comprise Nosema algerae, Vavraia culicis and schistosome microsporidia. 
N. algerae is primarily pathogenic to larvae and adults of anophelines whereas ~· culicis 
has a broad host range, primarily among culicines, both larvae and adults. Larvae lightly 
infected with either species eventually develop into adults with reduced longevity, 
fecundity and vectorial capacity for malaria. Both species can be mass-produced in large 
lepidopteran larvae. Limited field tests resulted in rather high infection rates with 
little to no recycling. Large applications of spores were required because of the rapid 
settling out of the spores from the feeding zone of the host. A microsporidian ("Torcross 
isolate") epizootic was observed in echinostome and strigeid trematodes in England. Since 
this species was transmitted to schistosomes and reduced the number of cercariae released 
from the snails, it, and other likely candidates, should be investigated as biocontrol 
agents. 

4.1.6.3 Other Protozoa 

Lambornella ciliates are found in populations of various mosquitos and blackflies. 
Their ability to actively attack non-stressed hosts and cause mortality requires study 
together with axenic cultivation, virulence, storage and transportation. Little data are 
available on host specificity and range. 

4.1.7 Viruses 

Viruses such as iridoviruses, cytoplasmic polyhedrosis viruses, baculoviruses and 
densonucleosis viruses have been isolated from mosquitos and some blackflies. None of the 
viruses, with the possible exception of a baculovirus, appears to offer potential for the 
control of vectors, chiefly because of low infectivity, particularly in laboratory studies, 
and low yields of viruses from in vivo hosts. 

4.1.8 Nematodes 

4.1.8.1 Mosquito nematodes 

Mermithids are the most prom1s1ng nematodes for mosquito control, particularly 
Romanomermis culicivorax. Nematode eggs, laid at the bottom of breeding sites, hatch into 
infective stages (preparasites) which penetrate mosquito larvae. The parasites grow in the 
mosquito larva, emerge from it and thereby kill it. The post-parasites which emerge drop 
to the bottom of the breeding site, moult to adult stages, mate and oviposit. R. culicivorax 
has been intensively researched in both laboratory and field. Attempts at in vitro culture 
failed, and it was found that it could be mass-produced only in vivo in a mosqu1to host. This 
parasite infects over 80 species of mosquitos with anophelines, usually the most susceptible. 

A commercial company devised a semi-automated mass rearing system, a shipping container 
that minimized movement of the culture medium, and a new culture medium. Studies showed that 
their shipped product contained at least twice the number of hatchable eggs claimed on their 
label. However, just prior to marketing the nematode, the company discontinued all research 
and production of biological control agents. Recent field studies with R. culicivorax have 
indicated recycling potential in rice fields when the post-parasites are released early in 
the season. Other field releases in Western Samoa indicated good parasitism of mosquitos 
in leaf axils of plants but no recycling, hence no practical use in this habitat. 
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R. iyengari seems to be very similar to ~· culicivorax but may be a better parasite in 
tropi~al climates. Little research has been made on R. iyengari although mass-production 
techniques are now available. 

Octomyomermis muspratti offers much promise as a parasite of many mosquitos in varying 
habitats, because of tolerance to salinity, alkalinity and pollution. It can readily be 
passed into adult mosquitos for possible dissemination and distribution in the environment. 
Cultures are now present in three different laboratories in the USA and Canada. 

4.1.8.2 Blackfly nematodes 

Although numerous nematode species are known, they are not considered to be useful agents 
even though substantial infection occurs in nature. This is primarily due to the lack 
of adequate rearing systems for the nematodes and the paucity of blackfly colonies. 

4.1.8.3 Tsetse fly nematodes 

A mermithid was recently found parasiting Glossina palpalis and is being described. 

4.1.9 Parasitoids. predators and competitors 

4.1. 9.1 General 

As well as pathogens, potentially useful agents include many groups of invertebrates 
and fish. Predators are defined as free living organisms which capture and consume one or 
more stages of the target hosts, while parasitoids are species living parasitically for part 
of their lives, ultimately killing the host, and thereafter being free living. The free 
living stages may be predatory, may feed on plants or may not feed. Many agents have life 
cycles that are intermediate in a variety of ways between these two definitions. 

Both predators and parasitoids vary in host specificity from strictly monophagous 
species, through oligophagous species feeding on a wide range of hosts. These groups have 
different uses. The more host-specific species, closely coadapted to their hosts, can 
regulate numbers of their hosts in self-sustaining biological control and in mass release 
methods, while polyphagous general predators maintain overall suppression of a category 
of hosts, e.g. mosquito larvae in rice fields. The former are suitable for introduction 
into new areas (classical biological control). The latter are normally suited only for 
conservation in their native habitats, as similar species are present on each continent, 
but their introduction might be considered on small, ecologically isolated islands. 

Parasitoids and most other potentially useful, host-specific predators are insects, 
which have been used widely in biological control of agricultural pests, but less frequently 
in vector control. Where vector management rather than eradication is the aim, they have 
potential in integrated programmes, with the advantage of selective action. Since parasitoids 
seldom pose a threat to non-target organisms of economic value, expensive safety testing is 
not required, although simpler, less costly screening is necessary to satisfy plant 
quarantine and other authorities regulating the introduction of exotic invertebrates. 

Other organisms potentially useful in vector population management are those which 
can displace the target species, or compete with theci and reduce their numbers. For 
convenience they are referred to as competitors. 

4.1.9.2 Mosquito control 

(a) Fish 

A number of fish species have been used to control mosquito larvae, with special emphasis 
on malaria and filaria vectors. The advent of synthetic insecticides resulted in a sharp 
decrease of interest in the use of predatory fish, now revived by the resistance of malaria 
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vectors. During 1974, WHO initiated and stimulated further interest in larvivorous fish. A 
review of the use of fish since 1970 has shown that Gambusia is used in 40, Poecilia in 15, 
annual fish in one, and other fish species in 11 countries. Most investigations concerned 
ecological and environmental aspects, use in combination with chemical larvicides and 
techniques of mass breeding and transportation. The efficacy of fish for mosquito control has, 
in the main, been empirically determined. In some countries remarkable results have been 
reported, while in others results were somewhat disappointing. 

In the Maldives Republic, Poecilia reticulata has been used on An. tessellatus which 
breeds exclusively in wells, and An. subpictus which breeds in brackish waters. However, 
observations on the effectiveness~f fish in controlling mosquito larvae are drawn only 
from circumstantial evidence. 

In Pondicherry, India, Oryzias melastigma, Aplocheilus blochii and ~· reticulata - as 
well as the introduced species G. affinis - have effectively controlled An. stephensi breeding 
in wells. A. blochii and 0. melastigma are more effective than G. affinl;, both species being 
widely dist;ibuted in Indi;. P. reticulata has been used quite ;xtensively in Indonesia. 
This fish might contribute to the control of mosquito larvae in city drains and rice fields. 
In Somalia, Nothobranchius spp. already exist in the southern region and Tilapia spp. 
have been seeded recently. A large-scale trial on Tilapia zilii in man-made reservoirs in the 
semi-desert area is being carried out. The Fisheries Research Centre in Gezira is 
experimenting with two herbivorous fish, namely the Chinese grass carp (Ctenopharyngodon 
idella) and the common carp for weed control in the canals. 

fish: 
The BCV SWG has established the following criteria for the assessment of the value of 

readily attacks and feeds on mosquito larvae; 
adaptability to local environmental conditions; 
potential for mass production; 
tolerance to insecticides; and 
ecological impact of introduced fish. 

(b) Invertebrates 

Toxorhynchites spp. are predatory mosquitos with biological control potential. The 
genus includes 68 species and subspecies (20 Neotropical, 36 Oriental, and 12 Afrotropical). 
The breeding habitats of the vectors of Bancroftian filariasis in the South Pacific and parts 
of Southeast Asia are highly specialized, consisting of treeholes, leaf axils, crab holes, 
bamboos, artificial containers, etc. Due to the physical difficulties of reaching such 
breeding places, chemical control is usually considered unsuitable and the same applies to 
most microbial control agents. In addition, adults of the important vectors in the South 
Pacific are exophilic and diurnally active, making them inaccessible to residual adulticides. 
Female Toxorhynchites spp. search for oviposition sites, which therefore make them ideal 
candidates for vector control in small niches. The females do not feed on blood and will never 
attack man. 

The biology of the immature stages of six species of Toxorhynchites has been studied in 
some detail: Tx. brevipalpis; Tx. kaimosi; Tx. splendens; Tx. amboinensis; Tx. rutilus 
rutilus. All these have been successfully colonised, and two species Tx. brevipalpis and 
Tx. amboinensis, have been mass reared. 

Trials to control vector species by inoculative release of Toxorhynchites spp. have been 
undertaken in Hawaii, Fiji, Samoa and Tahiti. In most cases the introduced species 
established itself and in two instances (Fiji and Western Samoa) it even dispersed to 
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neighbouring islands. Recently Tx. amboinensis released into Fiji appears to have established 
itself. Attempts at control by inundative release in a Caribbean Island, in Key West Florida 
and in Tahiti have had considerable success. Another attempt at massive release will soon be 
conducted in French Polynesia. 

Members of Culex (subgenus Lutzia) are also predators as larvae. This subgenus contains 
only five species (two Oriental, one Afrotropical and two Neotropical). The larvae breed in 
temporary to semi-permanent ground waters, are found in fairly clean waters but can also 
tolerate waters with high organic pollution. Thus they share the habitats of several vectors 
of malaria, filariasis and Japanese B. Encephalitis. The biology of the larval stages is 
fairly well-known, but only one species has been colonized as far as the fourth generation. 
Larvae of Culex(Lutzia)seem to prefer to feed on young prey larvae and hence consume them in 
great numbers. Field observations indicate they they are very efficient predators and 
significantly reduce the vector population. 

Adults are mainly ornithophilic though Cx. halifaxii is occasionally known to feed on man. 
Little is known of the adult biology. 

The potential of freshwater Turbellaria (flatworms) as mosquito predators has been 
recognized for many years, but intensive laboratory and field studies were not seriously 
pursued until the early 1970s in southern California. A representative planarian species 
Dugesia dorotocephala, was selected for comprehensive study in laboratory and field 
(predation capability, repro~uction, mass culture, ecological preferences, and simulated rice 
field plot experiments). Q. dorotocephala could be useful as a regular component of 
integrated mosquito control under Californian conditions. Mass culture was feasible and 
economical, planaria populations increased and recycled in simulated habitats, and indigenous 
mosquito species were greatly reduced. A range of 70-80% prey reduction was recorded over a 
four-month period initiated with 25 planarians per m2 of water surface. The principal 
limitations of this planarian were the relatively narrow temperature range of 20-26oc for 
optimum feeding and reproduction, and its preference for well-oxygenated water, so ruling 
out use in polluted mosquito breeding habitats. 

In mosquito predator studies in the rice field belt of northern California it was found 
that microturbellarians occurred naturally and preyed on Anopheles and Culex mosquitos. 
Extensive and systematic sampling over several years revealed a consistent correlation 
between high microturbellarian densities and low or absent mosquito larval populations in 
fields bearing rice for at least two years. Conversely, newly-planted fields had many 
larvae (a fourfold increase over older fields) and few turbellarians. It was concluded 
that flatworms require one rice-growing season to build up their numbers. Mesosterna lingua 
was the predominant species, which attacks by discharging a mucous secretion that paralyzes 
mosquito larvae and kills within two hours. The paralyzed larvae may or may not be consumed. 
In Maine, USA, another M~sostoma sp. controlled 75% of univoltine Aedes spp., and occurred 
annually. In Zaria, Nigeria, a Mesosterna sp. preyed on Culex, Aedes and Anopheles mosquitos, 
including the malaria vectors An. gambiae and An. funest~These studies indicated that 
flatworms are effective natura~mosquito predators which could be usefully exploited in 
integrated mosquito control programmes. 

Hydra spp. are common in shallow unpolluted freshwater lakes, ponds, streams and rivers. 
They passively await a variety of aquatic organisms, including mosquitos, midges and 
occasionally fish fry, which they kill by stinging capsules. Their use against mosquitos 
was investigated in California during the 1970s. They are avid predators in laboratory 
aquaria, killing more larvae than they eat, and can be easily mass-produced, withstanding 
confinement at high densities without cannibalism and producing encysted dormant embryos, 
which can be stored or disseminated in mosquito breeding places. They inhabit mosquito breeding 
places too ~hallow or too temporary for larvivorous fish and evidently produce no deleterious 
effects on the environment. Durable encysted embryos, resistant to drying and temperature 
extremes, could be economically mass-produced for distribution against some species of 
Anopheles, Aedes and other genera of mosquitos frequenting clear, cool, fresh water. 
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Other classes of arthropods and orders of insects either eliminate or reduce mosquito 
larval populations in permanent or semi-permanent ground pools. Examples are the water bugs 
Notonectidae and Pleidae, water beetles such as Hydrophilidae, and the immature stages of the 
Odonata. The notonectid bug Anisops bouvieri has been maintained in the laboratory in 
Pondicherry, India. However, it flies away from the pools where it is introduced. The larvae 
of Dytiscus marginalis and of Hydrophilus triangularis can feed on 100-200 larvae per day, but 
they cannot be colonized in the laboratory. The naiads of dragon and damsel-flies are 
extremely efficient and can consume many mosquito larvae. However, they have long life cycles 
and have not yet been colonized. The leech Helobdella stagnalis is an important predator 
of midge larvae in freshwater lakes in Wisconsin and California, USA. It fed on snails in 
some California lakes in which the schistosome infection, cercarial dermatitis was prevalent 
among swimmers and bathers. One report from Brazil recorded it preying on mosquito larvae 
and also on the snail vector of schistosomiasis. A study on leeches has just started. A 
sea anemone, a salt-water relative of the freshwater hydra, fed on salt-marsh mosquitos in 
aquaria in Florida, USA. The copepod, Mesocyclops leuckarti pilosa has aroused recent interest 
because it destroys larvae of the mosquito species of the subgenus Stegomyia transmitting 
Bancroftian filariasis and dengue haemorrhagic fever in the South Pacific. 

4.1.9.3 Tsetse fly control 

No parasitoids of adult tsetse flies or their interuterine larvae are known. Some 40 
species of parasitic Hymenoptera and Diptera have been recorded from puparia in field 
surveys. Many are rare and others are known or suspected to have a wider host range. The 
first to attract attention as possible biological control agents were the chalcidoids 
Nesolynx spp. (= Syntomosphyrum spp.). After mass breeding, experimental releases were 
made in Malawi, Tanzania and Nigeria before World War II. The effects were both slight 
and temporary, so it is generally concluded that they have little potential, with other 
hosts more important than tsetse flies. The Bombiliidae and Mutilliidae are now considered 
more promising and to warrant further investigation since substantial levels of parasitism 
(over 20%) are frequently reported. Bombiliidae of the genus Exhyalanthrax (formerly 
included in Thyridanthrax) occur throughout tropical Africa and most species are probably 
polyphagous. However, some have a restricted distribution and are known only from specimens 
reared from tsetse or from tsetse habitats. They are very fecund, laying large numbers of eggs 
in the host habitat. Breeding has not been achieved in captivity as the adult flies are 
fragile and require considerable space for mating and oviposition. However, methods that 
have been developed in France for breeding Villa brunnea, a parasitoid of the pine 
processionary moth, could probably be used. Three species of Mutillidae parasitize tsetse 
flies in south east Africa. The reasons why none are present in the equatorial regions are 
not known, but should there be no physiological barrier to their survival in this area, they 
are the most promising parasitoids. They breed readily in the laboratory but have a low 
fecundity and limited powers of dispersal. 

4.1.9.4 Contr0l of other dipteran vectors (Simuliidae, Phlebotominae) 

These other important groups of vectors do not seem to have effective parasitoids. 
Mosquito predators are important mortality factors but the importance of predators and 
competitors of Simulium spp. has not been evaluated. 

4.1.9.5 Triatomine bug control 

Natural enemies of triatomine bugs in human dwellings have been studied in Central and 
South America. Only a few limited surveys have been made elsewhere, e.g. in India and 
Singapore. The parasitoids found were all Hymenoptera parasitic in eggs. The only 
important species in South America is Telenomus fariai and in Asia Gryon triatomae, both 
Scelionidae. Rates of parasitism are usually low and undoubtedly affected by disturban~e and 
insecticides used against domestic pests. Very little information is available on parasitism 
in triatomines in the areas surrounding habitations, where biological control might be 
more effective. No specific predators have been noted. 
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Biological control of freshwater snail hosts of schistosome parasites has attracted much 
recent attention, but rarely outside laboratory model systems. Several hundred species, 
ranging from fish to fungi, have been identified as potential predators, parasites, 
competitors and pathogens of snail hosts. Special interest has centred on several species of 
fish and some groups of insects (e.g. Sciomyzidae and Belostomatidae), but research remains 
embryonic. 

Molluscan competitors have shown encouraging results in many laboratory and some field 
observations on the biocontrol of host snails. The introduction of possible competitive 
species of snails (Marisa cornuaretis, Helisoma duryi, Pomacea haustru, Potamopyrgus jenkinsi, 
Bulinus tropicus, Tarebia granifera, Biomphalaria straminea and Physa spp.) has received most 
attention to date. Of these, ~· cornuaretis has been the most exhaustively studied and proved 
effective in Puerto Rico in certain habitats. As with mollusciciding, persistent effort was 
needed to maintain Marisa in transmission sites, but costs were estimated to be about a third 
of the cost of applying the best molluscicide and no evident adverse environmental effects 
were noted. At present, work on the efficacy of competitive snails is in progress or 
planned in Algeria, Brazil, Malawi, Martinique, Saudi Arabia, Sudan and Tanzania, among other 
countries. 

Among predators and parasites, giant water bugs (Belostomatidae) are usually regarded as 
indiscriminate predators but one species, Limonogeton feiberi, is morphologically adapted to 
feed on snails and is a voracious predator in laboratory trials. These are, however, unlikely 
to have potential for manipulation as biocontrol agents. There have been no field tria~or 
evaluations of food preferences of the other 100-200 known species. Fireflies (Lampyridae) 
have occasionally been reported feeding on vector snails. Larvae of the Sciomyzidae (Diptera), 
feed on molluscs. Over 470 species include strict parasitoids, species with intermediate 
habits and predators (including species feeding exclusively on snail egg masses) in habitats 
ranging from dry land to pools and slow-moving running water. Most investigations have been 
limited to field surveys and laboratory studies on life histories and host preferences, 
Little quantitative information is available and there is no evaluation of impact on vector 
snail populations in the field. The value of the Sciomyzidae is likely to be limited in 
that most species attacking aquatic snails are active at the margins of water bodies, 
feeding on stranded snails and snails in the surface film. A few species feed below the 
surface, but only in very shallow water. Geographically, most seem to come from the 
temperate Northern Hemisphere, some from the Neotropics and Southeast Asia, and virtually none 
from Africa, but knowledge is uneven. Leeches (Hellobdella sp.) may have some potential as 
predators. The use of other trematode parasites capable of sterilizing the snail hosts, 
as well as being antagonistic to concomitant schistosome sporocysts, continues to occupy 
several groups of research workers. 

4.2 Studies in Relation to Biological Control in General 

4.2.1 Search for new biological agents, their identification and evaluation 

The search for new biocontrol agents continues to receive high priority, with a special 
emphasis on the spore-forming bacteria. These can be collected in the field in a variety 
of situations with relative ease for despatch to reference centres, where they can be 
evaluated and experimentally produced in sizeable quantities for preliminary laboratory and 
field evaluation of promising isolates. The search involves a number of teams supported by the 
Special Programme in South Korea, the Philippines, Thailand, Nigeria, Uganda, the Ivory 
Coast and the South Pacific. Independent investigators are also involved, especially in Sri 
Lanka, Japan, India, Czechoslovakia and Romania. General monitoring of this search, and other 
preliminary activities connected with it, are ensured by a centre in the USA. Promising 
isolates or agents deserving complementary evaluation are investigated in the USA, France, 
Czeckoslovakia and Japan. Some of the field projects initiated in the last two years have 
already yielded useful discoveries which are under early stages of evaluation. They include 
spore-forming bacteria from Thailand and Romania and the fungus Tolypocladium from New Zealand. 
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4.2.2 Safety of biological control agents for mammals 

Studies on safety testing methods and the use of these methods to establish the safety 
of ~· thuringiensis H-14, ~· sphaericus, ~· anisopliae and !· algerae have continued in the 
USA. Data on B.t. H-14 have also been obtained in France. None of the data submitted to WHO 
so far indicate that the agents studied could be noxious to mammals under normal conditions 
of field use. 

4.2.3 Effect of biological control agents on non-target organisms 

Studies on the effect of agents on non-target aquatic organisms include both laboratory 
studies on selected organisms and studies during field trials. These are reported against 
each agent in section 4.3.1. 

4.2.4 Standardization and specification of biological control agents 

The activity or potency of agents can be assessed only by biological means. For pathogens 
this involves bioassay with one or more selected target species. To minimize variation due to 
daily deviations in technique and to differences in methods in different laboratories, the 
technique for each agent must be standardized to the greatest extent possible. Variations 
in bioassay results due to differences in consecutive daily batches of test insect, minor 
technical fluctuations within and between laboratories (e.g. temperature control and 
differences between individual experimenters), are reduced by including a standard material 
in each batch of assays and expressing the results of test materials as ratios against this 
standard. A standard technique and a standard material have been tested for B.t. H-14 
(section 4.1.1), and the same technique could probably be used for B. sphaericus. This subject 
has received little attention as regards other agents. 

4.2.5 Cooperation with industry 

Cooperation with industrial groups developed fruitfully in all fields concerning 
B.t. H-14 and~· sphaericus 1593. ~·~· H-14 involved two companies in the USA, one in 
France and Belgium, and similar institutions in the People's Republic of China and the USSR. 
B. ~phaericus 1595 interested fewer companies. 

5. SUMMARY OF RESEARCH AND DEVELOPMENT OUTSIDE THE PLAN 

The SWG plan, since its broadening in December 1979, is very comprehensive. There is 
therefore little to report which took place outside it. One must however note the preliminary 
studies carried out in the USA on the genetic engineering of ~· thuringiensis, the detailed 
competition of the endotoxins produced by various ~· thuringiensis serotypes, and the 
immunological detections of the corresponding endotoxins. The studies on the competition 
between Culex quinquefasciatus and Cx. cinereus in polluted water carried out in Kenya are 
also worth mentioning. 

Close liaison has been established with FAO, UNEP and UNIDO.so that all problems related 
to the industrial development of microbial pesticides are jointly considered by the various 
UN Agencies and Programmes concerned. This is essential for the smooth development of 
specifications, as well as for preparing for the production of microbial pesticides through 
industrial groups in tropical countries, and also for the preparation of small-scale local 
production of those biological agents which cannot be produced economically by conventional 
industry. 

6. RELATED ACTIVITIES vJITHIN THE PROGRAMME 

From a staffing viewpoint, the BCV component of the Special Programme includes not only 
the secretariat of the SWG and SC but also the provision of general expertise on vector 
biology and control to the RSG, as well as to the SWGs and SCs on malaria, filariasis, 
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schistosomiasis, African trypanosomiasis, Chagas' disease, leishmaniasis and socio-economic 
research. This arrangement ensures that the BCV findings and priorities are 
effectively incorporated in the overall TDR plan of work and that the relevant information 
generated by BCV is rapidly disseminated to other TDR groups, as well as to WHO member 
countries at large. 

7. PLAN OF ACTION 

The biological agents at present available and new agents discovered in organized searches 
must be tried in the field as soon as possible, concomitant with adequate knowledge of their 
safety and environmental iinpact. Studies must alternate between laboratory and field to 
meet the problems of practical development. Fundamental studies, such as determination 
of the nature of toxins, should be undertaken only if and when necessary for the achievement 
of practical objectives. 

The course of research and development for existing agents can be predicted with fair 
certainty over the next five years. Longer-term prediction depends much on the results 
obtained. However, it is obvious that for at least another 10 years after this five year 
period there will be a need to refine and extend achievements with the current promising 
agents, and to examine others. Extension of the work to a greater number of local human 
disease areas will be necessary. By this time, the potential of genetic engineering in the 
field of pathogens will be better known. Long-term investment is fully justified in the 
expectation of the rewards of very safe vector control methods. Many items recommended below 
should be continued into this 5-15 year period. 

These items describe minimal requirements to bring biological control of vectors into 
rapid practical use and to assess the power of available agents to control vectors. It is 
hoped that soon at least some biological agents (Table 3) can be incorporated in integrated 
schemes with other SWGs. Biological control of vectors should be integrated with other 
methods of vector control, which should in turn be integrated with chemotherapy, immunization, 
sociological measures, etc., the aim being to reduce the load of human disease organisms in 
man and to contain natural reservoirs and vectors below the critical levels at which they cease 
to cause human disease problems. 

Since the 1980 SWG meeting had reviewed all types of agent, the SWG recommended that only 
the areas of particularly rapid progress, mainly the bacteria, should be reviewed by the SWG 
in 1981 and that all pathogen groups should be reviewed in depth in 1982, in association with 
a symposium on biological control of vectors. An information consultation on fish should be 
held in 1981. In the context of our current knowledge of some disease situations (e.g. malaria 
in Gezira), the integrated approach might be the only one capable of disease control. 

7.1 Research and development 

Table 4 shows the proposed future trends in funding research on the various types of 
agent. More attention will be given to agents easy to produce and store (e.g. spore-forming 
bacteria) than to other agents which may be easy to produce but less easy to store, whose effecti
veness would be based to some extent on replication after release (e.g. fish and some fungi). 
Agents producible only in living hosts are expensive to rear and can only be considered when 
and where they self-reproduce after release (e.g. nematodes and Coelomomyces spp.); a clue as 
to their likely success can be gained from their present natural occurrence as causes of 
epizootics or limitation of vector populations. Research priorities (section 3.1) are 
ordered on these main principles, bearing in mind the four ways in which biological agents 
can be used (see the introduction to section 4.1). 

7.1.1 Bacteria 

Research and development in this group will focus on spore-forming bacteria which have 
the great advantages of easy production and storage. The primary objective will be to continue 
the work of the serotype H-14 of ~· thuringiensis and the strain 1593 of ~· sphaericus to 
hasten industrial production, as well as to screen and develop.other spore-forming bacterial 
strains havi~g better, or complementary, entomopathogenic characteristics (e.g. greater 
activity against key vector species or a better recycling potential). One can expect that 
most of the research and development activities concerning B.t. H-14, including operational 
evaluation trials, will end by 1982-83, during which time efforts should progressively focus 
on~ sphaericus 1593. Work on the latter might be close to completion by 1984-85. 
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Investigations thereafter should focus on promising new bacterial strains. 

Efforts to measure and standardize the potency of B.t. H-14 and B. sphaericus and to 
achieve quality control should be intensified and completed as soon a~ possible after both 
have been effectively produced industrially. The development of specifications cannot be 
considered before quality control methods are available. Therefore this activity has been 
limited to B.t. H-14. Industrial groups concerned and the Secretary of the WHO Expert 
Committee o~ Biological Standardization have been approached to seek their views and, it is 
hoped, to reach a consensus on interim specifications of B.t. H-14-based larvicides. 
Specifications will certainly not be formulated before 19Sl-and are in fact the subject of a 
meeting with industry in February 1981 to assess progress and plan future work. 

Studies on toxin characterization and strain selection will probably continue for a long 
period. Operational evaluation trials are rather costly and will require a sizeable increase 
in the resources allocated to biological control research, or the integration of these trials 
into other operations. One must also consider that, within a few years, research on the 
entomopathogenic toxins produced by spore-forming bacteria used in agriculture might reach 
the stage at which feasibility studies could be considered on the application of recombinant 
DNA techniques for strain improvement. 

Bacteriological differentiation of strains will become more complex as more strains are 
discovered. Existing technology is adequate, although a worthwhile effort is being made to 
find a phage specific to !· sphaericus 1593. At present we must rely entirely on bioassay 
to reconize pathogenicity. Methods are being developed to detect and enumerate !·~· H-14 
and B. sphaericus 1593 in water and mud. 

7.1.2 Fungi with non-motile spores which can be grown on artificial media (Fungi Imperfecti and 
family Entomophthoraceae) 

7!1.2.1 Culicinomyces clavosporus 

Large field trials are needed for evaluation against important pest and vector species 
breeding under different environmental conditions. During these trials observations should 
be made to determine the effect of the fungus on non-target organisms and to investigate 
whether it can persist in susceptible hosts other than mosquitos, particularly chironomid 
and ceratopogonid larvae. Media development to obtain improved yields of conidia using 
commercially acceptable fermentation ingredients should continue, as this is of practical 
importance to economic mass-production. Stable formulations must be developed to prolong 
the shelf-life of stored inoculum before application and also to improve the persistence of 
its control action against the target insects after application. 

7.1.2.2 Tolypocladium cylindrosporum 

More studies are needed on the host range. Biological differences between New 
Zealand and Californian isolates must be determined. Over the next five years the following 
evaluations should be undertaken: 

activity of different strains against various mosquito species; 
-media for the production of high yields of conidia or blastospores; 
- pilot scale production of the most efficient strains: 
- shelf-life and determination of optimal conditions for conservation of conidia; 
- effect of competition on replication under controlled field conditions; 
- and methods for local tropical industrial production of conidia. 

7.1.2.3 Metarhizium anisopliae and Beauveria tenella 

Future emphasis should be on the isolation of more effective strains, and on improved 
methods of mass-production, storage and formulations. Determination of the case of mosquito 
death, through studies on the histopathology and toxicology of the disease caused by these 
fungi, should await the demonstration of efficacy in the field. 
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This is one of the few groups of these fungi that could be used against adult vectors. 
Basic research, including identification, cultivation and eventual evaluation of field 
activity, should oontinue. Application trials must be attempted under rainy season 
conditions in the tropics, with special attention to introductions into palm roofs of huts 
or other adult mosquito habitats. 

7.1.3 Fungi with motile spores which can be grown on artificial media (Oomycetes) 

7.1.3.1 Leptolegnia spp. 

Research on Leptolegnia spp. 1 s still at an early stage. A variety of background 
studies - i.e. mosquito host range, non-target hosts, mammalian safety, biology of the 
oospore, development of a bioassay, and evaluation in simulated or small-scale field trials -
should lead to larger field trials. 

Lagenidium giganteum 

This is at a more advanced stage of study than Leptolegnia spp. but much specific 
information remains to be determined. Of primary importance is bioassay evaluation of the 
zoospores produced on artificial meclia in cornna.rison with those produced in mosquito larvae. 
Zoospore yields by both methods should be quantifiedin terms of starting materials to 
evaluate feasibility and cost of production. The surviving form during recycling may be 
the thick-walled resistant oospore, which has not yet been studied. Its longterm potential to 
survive, germinate and perpetuate the species should be investigated. In further trials with 
L. giganteum, hydrobiological studies should evaluate its seasonal occurrence under well
monitored conditions. In studies of recycling, data should be obtained on the proportion of 
larvae infected throughout many consecutive seasons. 

Because of its apparent effectiveness in highly saline waters, immediate attention should 
be given to identification and evaluation of a strain of L. giganteum isolated from 
An. subpictus breeding in Casuarina equisetifolia pits near Pondicherry, India. This isolate 
was highly pathogenic for larvae of An. subpictus, Cx tritaeniorhynchus, Cx. quinquefasciatus, 
An. culicifacies, and An. stephensi. 

7 .1. 4 Fungi with motile spores which can be produced only in living hosts 

Studies should continue on the development of an artificial medium for Coelomomyces spp., 
particularly for the gametophyte, the stage, that leads to the formation of gametes 
which form mosquito-infective zygotes. Bioassays should be developed to determine the 
activity of meiospores against copepods and zygotes against mosquitos. These studies, if 
possible, should employ Coelomomyces spp. with broad mo~quito host ranges. Coelomomyces spp. 
have excellent recycling potential under certain conditions, which should be determined. The 
potential of introducing these species into new habitats against larvae should also be 
investigaterl. 

7 .1.5 Development of standardized bioassays for fungal larvicides 

Bioassay methods for evaluating candidate agents should be developed. The major groups 
of fungi require different types of assay based on mode of action, i.e. for conidia of 
Fungi Imperfecti, for flagellated spores of Oomycete fungi and for Chytridiomycete fungi, 
activity being expressed as an Lc50 • So that results are comparable, agreement should be 
reached on methods of counting spores, test container size and volume of test media, larval 
instars to be used, and a variety of other important variables. . 
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7 .1. 6 Protozoa 

Formulations which will maintain spores of both N. algerae and V. culicis in the feeding 
zone of the larval vector hosts must be developed. The next field release sites should be 
carefully selected and optimal (shallow and low-volume habitats), thus providing for the best 
possible success of these releases. If justified by encouraging field tests, a search 
should be made for better proxy hosts for production of spores in the local conditions of a 
cottage industry. The possibility of dissemination of infection by these two species by 
means of contaminated baits for adults should be investigated. The search for new micro
sporidian species should continue and must entail correct taxonomic determinations. A 
concise document which summarizes the basic techniques used in microsporidian research should 
be developed and disseminated. Efforts should be continued to discover the mechanisms of 
horizontal tranmission of dimorphic microsporidia in both mosquitos and blackflies. Storage 
techniques should be developed, both to prevent the loss of newly-found microsporidian 
species and to maintain the large amounts of inocula eventually required for large-scale 
field trials. The "Torcross isolate" should be assayed in sohistosomes of different snails 
and an adequate laboratory host should be found for mass-production of spores. 

7 .1. 7 Viruses 

In order to stimulate the recogn~t~on of viruses in the field, methods for identification 
of virus-infected specimens need to be prepared and circulated. Data sheets on viruses would 
be helpful and might stimulate opportunistic research on any that appear promising. 

7.1.8 Nematodes 

R. culicivorax should be evaluated in operation against a vector in a habitat favourable 
for the nematode. Problems of shipping viable cultures have been resolved although storage 
still needs more study. Comparative studies are needed with R. iyengari to see whether the 
latter offers any advantages for use in tropical areas. InteTI;ive studies are needed with 
0. muspratti. These should encompass attempts to obtain synchronomous hatching of eggs 
and research on the effect of infected female mosquitos on the distribution and spread of the 
nematode. Efforts need to be intensified on the search for and the evaluation of new species 
infecting vectors, particularly those with a wider habitat tolerance 

7.1.9 Parasitoids, predators and competitors 

7.1.9.1 Mosquito control 

(a) Fish 

Fish are good agents for local production and use, even at the community level as well as 
by local agencies and in industry. They should receive intensive support. 

Although much information has been collected on ~· affinis behaviour, further research 
is needed to confirm its efficacy under different environmental conditions. Its impact on 
other local fish, as well as on the environment, must be carefully studied to determine the 
the risks involved vis-a-vis the benefits. 

Mass rearing techniques of potential larvivorous fish should be studied, and a profile 
developed for each of the fish species in use and for new candidate species. Research 
should include methods of intensive culturing in artificial ponds for use in large-scale 

releases in mosquito breeding areas: simple mass rearing techniques for village use by 
farmers; fish diseases related to intensive breeding; taxonomic studies for promising groups; 
and the tolerance of fish to insecticides used in agriculture. 
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The use of P. reticulata against malaria vectors in rice fields, the stocking rate to 
provide effective control on a sustained basis, adaptability of the fish to the rice 
field environment, and the effect on non-target aquatic organisms; 
Nothobranchius spp. under field conditions; 
the efficacy of Aplocheilus spp. in areas other than India and Russia, where they 
are reported to be effective for mosquito control; 
the environmental consequences of the introduction of phytop~agous fish such as 
Tilapia spp. and Chinese carp; 
integrated control using two or more species of fish, or two different agents such 
as insecticides or B. thuringiensis and fish; 
and, in due course, studies on genetic selection for the development of more effective 
strains. 

Before importation of exotic fish species, the guidelines laid down by the country 
concerned should be followed and a permit obtained if required. As far as possible, 
assistance should be sought from the local fisheries department as well as from 
ichthyologists. 

It was suggested that under the aegis of the BCV-SWG an informal consultation be 
arranged among specialists on the use of fish for mosquito control. Since the priority 
objective is malaria control, close liaison should be established with the SWG on 
Applied Field Research on Malaria and other UN specialized agencies such as FAO and UNEP. 
Close collaboration between WHO and FAO would be desirable in any future research on fish 
and regular exchange of information should be encouraged. 

(b) Invertebrates 

For Toxorhynchites spp., profiles should be prepared of the six well-known species/ 
subspecies. Studies are required on the biology of the adults (especially on dispersal, 
flight range, feeding and longevity), the effician mass production of the species 
Tx. splendens, Tx. rutilus rutilus, and Tx. rutilus septentrionalis, with exploratory work 
on other specie;-that breed in plant axils, treeholes and artifical containers, including 
attempts to colonize them. 

A fairly large field trial should be conducted on mass release against a vector of 
filariasis in an isolated situation, as well as further studies on the efficacy of 
inoculative release of various species. 

For Culex (Lutzia), profiles of the more promising species should be prepared to 
include bionomics, with emphasis on the feeding habits, dispersal, flight range, 
longevity, gonotropic cycle, etc. An attempt should be made to colonize species and strains 
especially those that do not bite man. Small-scale experimental release in the field should 
be attempted to determine dispersal patterns and their impact on prey populations. 

For Turbellaria (flatworms), further information on the predator capability and 
geographic distribution should be obtained by simple surveys to determine the distribution 
patterns of flatworms in association with mosquito preeding places, particularly in 
developing countries. Identification services on a global scale and studies to elucidate the 
life history and bionomics of identified species are required, together with ecological 
studies to define the tolerance limits to water temperature, organic pollution and chemical 
contamination in areas not yet studied. The chemical r.omposition of the mucus secretions of 
flatworms known to be highly toxic to mosquito larvae should be analyzed for possible isolation 

of useful insecticidal compounds. 
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In view of the meagre information on Hydra ecology in mosquito breeding habitats, 
research should stress field surveys to confirm the range of Hydra distribution as a basis for 
defining when, where and with what types Hydra could be successfully employed for mosquito 
control. These surveys should develop knowledge on the tolerance limits of Hydra 
to water quality, temperature and other physical and chemical characteristics. Although 
mass-production of Hydra spp. appears feasible, research on a minor scale would be worthwhile 
to design rearing procedures and facilities apaptable for use by mosquito control agencies. 
This should include studies on long-term storage of thecated embryos. 

Among other predators, research on leeches should be conducted in laboratory and field 
to define its predator potential in mosquito and snail habitats. Investigations on the 
predaotr Mesocyclops leukarti pilosa are necessary to evaluate its field potential. 

7.1.9.2 Tsetse fly control 

The Commonwealth Institute of Biological Control has negotiated a three-year project 
with the International Development Research Centre of Canada, due to start shortly. 
The project will evaluate the potential of Exhyalanthrax spp. (Bombyliidae) and Mutillidae for 
biological control, investigate their physical and ecological requirements and develop 
breeding methods, with a view to experimental releases in suitable locations, in collaboration 
with tsetse research and control departments. The research will be based at a nev CIBC 
substation to be set up at the Kenya Agricultural Research Institute at Muguga near Nairobi. 
The CIBC welcomes the opportunity to cooperate with TDR. 

7.1.9.3 Control of other dipterous vectors (Simuliidae, Phlebotominae) 

Studies on these groups are needed to determine whether there are any biotic agents 
controlling their number, since investigations to date have detected no significant biotic 
mortality factors. 

7.1.9.4 Control of triatomine bugs 

Biological control in human habitations lS not considered promising but may be more 
so in the surrounding source areas. Surveys of natural enemies in these situations should 
be encouraged so that an appraisal can be made. 

7.1.9.5 Control of snail vectors of schistosomiasis 

Among competitor snails, support for research on such promising agents as species of 
Marisa, Helisoma and Potamopyrgus should be encouraged, including the effect of competitive 
species in combination. 

With parasitoids and predators, further exploratory 
required to identify suitable species. The Sciomyzidae 
but limited in value to killing snails at the margins of 
quantitative data is available on levels of mortality or 
a basic evaluation of their potential. Research on the 
either along or in combination with herbivorous species, 
whether fish ponds or not - should be undertaken. 

work, particularly in Africa, is 
include potentially useful species 
water bodies. However, no 
host preferences in the field as 
efficacy of snail-eating fish, 
in permanent impoundments -
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Many activities are not confined to a specific group of biological control agents and 
thus cut across agent-oriented activities. 

7.2.1 Search for new agents and their preliminary evaluation 

The search for new agents is an essential component of the BCV-SWG programme. To 
economize on effort and expenditure, grantees and collaborators have been given clear 
guidance to concentrate only in those areas where the search is likely to be highly 
productive. This does not exclude temperature zones in which a prospective agent may have 
qualities of value in warmer climates, where disease is endemic. The search will be conducted 
on a highly selective basis according to the priorities of agents in section 3.1, and 
guided by the knowledge of the target vector and the ecosystem involved. 

Spore-forming bacteria should continue to receive high priority, particularly since they 
are easy to store Some other agents are also easy to store, but many have to be maintained 
in culture. Others have not been merely observed as part of the survey. Emphasis is being 
placed on sending visiting specialists to search centres and on training scientists involved 
in searching, so that gradually they will become increasingly able to recognize the promising 
agents and, as appropriate, to initiate opportunistic research. More agents are needed 
against adult vectors and against snails. A profitable approach is to elicit the aid of 
medical laboraoratories where routine dissections of vector species are undertaken for 
epidemiological research and evaluation. These dissections will also reveal pathogens of 
larvae transmitted by adult vectors. Relevant literature and other information to the search 
programme is being distributed worldwide to interested partipants, both inside and outside 
the Special Programme. 

Gradually, more emphasis will be placed on predators (especially fish), parasites 
and competitors, involving some special searches. 

7.2.2 Safety of biological control agents for mammals 

Since this is specialized work, one main centre will be maintained (at present in the 
USA), and technical research on methodology will be encouraged, as well as routine safety 
testing. In due course, some work will also be encouraged in tropical areas to help 
develop quality control methods there. This research will provide background information, 
but industrial firms will be responsible for testing the safety of their individual products. 

7.2.3 Effect of biological control agents on non-target organisms 

The outstanding advantage of biological agents is their specificity. Most do not kill 
friend and foe indiscriminately. They do not create a backlash by aggravating the problems 
that they are intended to solve, or by creating new problems, as may happen with chemical 
pesticides. In general, the only harm suffered by beneficial animals is the destruction 
of part of their food supply, which is inevitable since the objective is to control ~ectors7 
This specificity must of course be established by continued work on each agent. Some agents 
such as predatory fish, are less specific than others and their environmental impact will 
require particular study. However, once the broad,impact of an agent has been established, 
particularly with the pathogens, work on it should cease. Money and effort must not be 
wasted on proving the point, because the impact of many biological agents is very low in 
comparison with that of chemical pesticides. For instance, by the time existing commissioned 
projects on~ H-14 are completed there will be ample environmental impact data on this 
agent, and more should not be sought. 
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7.2.4 Identification and evaluation services 

The identification and evaluation of potentially prom1s1ng biological agents was 
originally organized around the WHO Collaborating Centre, which received material and 
information, despatched the material to relevant specialized laboratories, and monitored 
the results. Such a centralized system has the advantage of simplicity but does not facilitate 
direct contacts between specialists and field investigators. Furthermore, by slowing 
down the transmission of the biological material it provides for the accurate ident1t1cation 
of dead material rather than for the evaluation of living agents, especially relatively 
fragile organisms. While this multi-purpose Collaborating Centre will be preserved, 
preliminary identification of agents at source and direct contact between scientists 
involved in searching and identification specialists will be encouraged. Once an agent 
has been initially identified with a group, it should be established that it is pathogenic 
to some degree, or predatory. The proposed subsequent course for the bacteria, based on 
agricultural experience, can be described as a model. Preliminary screening has already 
established the active strains B.t. H-14 and B. sphaericus 1593. This screening is 
adequate for the development of industrial products and for product evaluation. After 
this stage it is costly to change the strain by means of an industrial process. It is even 
more costly to evaluate many strains knowing that the susceptibility spectrum of different 
vectors will be different for each new strain - task beyond the capacity of any one company. 
The BCV-SWG recommends the establishment of a centre able to produce small quantities of 
bacterial powders of many new strains by a standardized process, thus reducing variation due 
to production method. These should be sent to other centres, each with expertise in a key 
vector, for comparative bioassay. The initial assays should be rough screens following by 
assays of the more active strains, and finally accurate assays of the most active. In this 
way better strains can be recognized than those used by industry, as well as others with 
particular activity against certain key vectors. These should then be offered to industry. 
Industrial products adapted to groups of vectors could eventually be anticipated in the 
same way as specific products are now appearing for different groups of pests in agriculture. 

Most non-bacterial vector pathogens are at the early screening stage. Active strains 
of some fungi, protozoa and nematodes are available, and these should be investigated for 
field use and production. At this stage moderate activity and moderate yields are adequate 
for the feasibility study. Once the agent is considered feasible, economic strains should 
be sought and put into operation. When practice is regarded as reliable, further strain 
improvement can be considered, as anticipated for the bacteria. 

For agents used as periodic mass releases or introductions, not involving industry, 
a similar sequence is anticipated. For instance, strains of fish best adapted to local 
conditions can be made available locally. Different strains of G. affinis with particular 
characteristics already exist. 

7.2.5 Standardization and specification of biological control agents 

Bacteria, fungi and protozoa with immobile spores can be assayed with the techniques 
developed for bacteria (sections 4.1.1 and 4.2.4). 

Other fungi (section 7.1.5) with motile zoospores and other agents capable of search 
require different assay techniques. Many agents- possibly most- particularly among the 
predators, parasites and competitors, for which the ability to persist, to multiply in 
the environment or to recycle in vectors is vital, cannot be assayed in the laboratory. 
These should be tested in the field at the earliest opportunity. Once these agents are 
proven in the field, standardization and specifications will involve only ensuring that a 
known strain is present and that this strain has not lost virulence or ability to control 
vectors in their natural habitats. 
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The role of industry in mass-production is vital. Industry makes a profit and the 
profit motive is the strongest motive of all. It will achieve practical biological 
control faster and on a larger scale than any other means. rhus an important aspect of 
WHO-sponsored research and development should be ultimately to interest industry sufficiently 
to take over the development research activities when a promising control agent has reached a 
certain stage through the efforts of the Special Programme. Industry in developing countries, 
governmental and local programmes, and projects incorporating the participation of farmers, 
villagers, etc., should be encouraged to make use of the findings of the Programme in this 
field. 

7.2.7 Formulation research 

Formulation research is usually an activity undertaken by industry, since it requires 
very specialized expertise and often results in patentable findings. Most knowledge on 
this subject is confidential, as the capacity to fore11l"!te effectively constitutes a major 
factor in determing the marketing success OL conwercial formulations. The Special Programme 
will not, therefore, embark unnecessarily on formulation research but will organize the 
laboratory testing of industrial formulations. It will, however, fund limited formulations 
studies on pathogens eot at present attractive to industry, and also for the benefit of 
local industry in developing countries. 

7.3 Development of a Network of Collaborating Centres 

It is desirable that one or two centres for the study of biological control be established 
in developing countries in each of the WHO Regions. At present, however, there is a dearth 
of trained manpower in this field. The necessary basic expertise in entomology, microbiology 
and general biology exists in university and research stations. What is required is the 
stimulation of an interest in biocontrol among those scientists with a basic background. 
This will be done by distributinry information leaflets- awarding initial small research grants 
to young deserving applicants follo.....ed later by the award of major research grants where 
desirable. Short courses in 'bl.oColltrol subjects will be held in the Regions, backed up by 
specilaist visits whenever possible. Qualified young scientists should be considered more 
often for long-term training under the Research Strengthening Group Programme. These 
combined approaches should result in the development of a network of trained biocontrol 
scientists in the problem areas of tropical countries. In due course recipient scientists 
will gain proficiency which should enable them to embark on more substantial programmes 
of research and teaching, thus increasing the importance of the institutions as regional 
training centres. 

7.4 Dissemination of Information 

It is continually more difficult and time-consuming to keep up to date with new 
developments and to retrieve older information. To counteract this problem the services 
described in section 3.3 will be continued, expanded and periodically reviewed for relevance. 
In addition, use will be made of a number of specialist newsletters providing rapid 
dissemination of new developments. The Commonwealth Agricultural Bureau (CAB) has also 
developed a comprehensive service for biological control specialists, prepared by the 
Commonwealth Institute of Biological Control in Biocohtrol News and Information. A directory 
of specialists who will identify agents is being prepared by WHO to aid field workers. 
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8. MEETINGS HELD DURING THE REPORTING YEAR 

Fourth Meeting, Steering Committee 
Third Meeting, Scientific Working Group 
Fifth Meeting, Steering Committee 

9. LIST OF PUBLICATIONS 

(a) Periodicals, proceedings and books 

10-13 September 1979 
19-22 November 1979 
24-28 March 1980 

FEDERICI, B.A. Experimental hybridization of Coelomomyces dodgei and Coelomomyces punctatus 
Proceedings of the National Academy of Sciences, USA, 76: 4425-4428 (1979). 

FEDERICI, B.A. Production of the mosquito-parasitic fungus Coelomomyces dodgei through 
synchronized infection and growth of the intermediate copepod host, Cyclops vernalis
Entomophaga, 12: 209-217 (1980) 

KRYCH, V.I., JOHNSON, J.L. & YOUSTEN, A.A. Deoxyribonucleic acid homologies among strains 
of Bacillus sphaericus. International Jou~nal of Systematic Bacteriology, 30 (2): 
4 7 6-4 84 ( 19 80) . 

PILLAI, J.S. & URDANG, J. The discovery of the mosquito Aedes aegypti on Tokelau Group. 
New Zealand Medical Journal 87: 212-213 (1979) 

SINGER, S. Bacillus sphaericus for the control of mosquitos . 
.ll_: 1335-1355 (1980). 

Biotechnology an~ Bioengineering, 

STREET, D.A., RALPH, D. & HINK, W.F. Replication of Nosema algerae 1n three insect cell 
lines. Journal of Protozoology, ~(1): 113-117 (1980). 

WHO. Standardized method for bioassay of the larvicidal action of Bacillus thuringiensis 
serotype H-14, Bulletin of the World Health Organization,~: 231-232 (1980). 

YU, H.S., CHO, H.W. & PILLAI, J.S. Field survey of mosquito pathogens in South Korea and 
infection of Anopheles, Aedes and Culex larvae by protozoan parasites Tetrahymena sp. 
and Lankesteria culicis (Ross). Report of National Institute of Health, Korea, Jl: 283-
290 (1978). 

(b) Mimeographed and other documents 

ALGER, N.E., MADDOX, J.V. & SHADDUCK, J.A. Nosema algerae: 
in normal and nude mice. WHO/VBC/80.778, I pp. (1980). 

Infectivity and immune response 

DE BARJAC, H. Note on the preparation of a reference formulation IPS-78 for the bioassay of 
experimental and industrial formulation of Bacillus thuringiensis serotype H-14. 
WHO/VBC/79. 741, 6 pp. (1979) 

DE BARJAC. H & LARGET, I. Proposals for the adoption of a standardized bioassay method 
for the evaluation of insecticidal formulations derived from serotype H-14 of Bacillus 
thuringiensis, WHO, VBC/79. 744, 15 pp. (1979). 

DE BARJAC, H. , LARGET, I. , I. COSMAO, V. , BENICHOU, L. & VIVIANI, G. Innocui te de Baci 11 us 
sphaericus, souche 1593, pour les mammiferes. WHO/VBC/79.731, 20 pp. (1979) 

DR BARJAC, H., LARGET, I., BENICHOU, L., COSMAO, V., VIVIANI, G., RIPOUTEAU, H. & PAI'ION, S. 
Test d'innocuite sur mamiferes avec du serotype H-14 de Bacillus thuringiensis. 
WHO/VBC/80.761, 23 pp. (1980). 
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SHADDUCK, J.A. Bacillus thuringiensis serotype H-14. Maximum challenge and eye irritation 
safety tests in mammals. WHO/VBC/80.763, 12 pp. (1980). 

SINEGRE, G. Contribution a la normalisation des eprevues de laboratoire concernant des 
formulations experimentales et commerciales du serotype H-14 de Bacillus thuringiensis 
I. Stabilite des suspensions d'eprevue et detection des eventuels contaminants chimiques 
toxiques pour les larves de moustiques. WHO/VBC 80.769, 7 pp. (1980). 

SINEGRE, G., GAVEN, B. & JULLIEN, J.L. Securite d'emploi du serotype H-14 de Bacillus 
thuringiensis pour la faune non-cible des g!tes a moustiques du littoral mediterraneen 
fran~ais. WHO/VBC/79.742, 6 pp. (1979). 

SINEGRE, G., GAVEN, B. & JULLIEN, J.L. Essais de titrage de deux poudres primaires 
experimentales du serotype H-14 de Bacillus thuringiensis par comparaison avec la 
formulation de reference IPS.78 en employant des larves de Culex pipiens et d'Aedes caspius. 
WHO/VBC/79. 745, 18 pp. (1979). 

SINEGRE, G., GAVEN, B. & JULLIEN J.L. Contribution ala normalisation des epreuves de 
laboratoire concernant des formulations experimentales et commerciales du serotype H-14 
de Bacillus thuringiensis III. Influence separee ou conjointe de la densite larvaire, du 
volume ou profondeur de l'eau et de la presence de terre sur l'efficacite et l'action 
larvicide residuelle d'une poudre primaire. WHO/VBC/80.77, 9 pp (1980). 

SINEGRE, G., GAVEN, B., JULLIEN, J.L. & CRESPO, 0. Activite du serotype H-14 de Bacillus 
thuringiensis vis a vis des principles especes de moustiques anthropophiles du littoral 
mediterraneen fran~ais. WHO/VBC/79.743, 7 pp. (1979) 

SINEGRE, G., GAVEN, B. & VIGO, G. Evaluation preliminaire de l'activite larvicide de la 
souche 1593 de Bacillus sphaericus vis a vis de quatre especes de moustiques du littoral 
mediterraneen fran~ais. WHO/VBC/80. 762, 8 pp. (1980) 

SINEGRE, G., GAVEN, B. & VIGO, G. Contribution ala normalisation des eprevues de 
laboratoire concernant des formulations experimentales et commerciales du serotype H-14 de 
Bacillus thuringiensis. II. Influence de la temperature, du chlore residuel, du pH et 
de la profondeur de l'eau sur l'activite biologique d'une poudre primaire. WHO/VBC/80.770, 
9 pp. (1980). 

SINEGRE, G., VIGO, G., GAVEN, B. & JULLIEN, J.L. Activite larvicide immediate et action 
remanente de l'endotoxine du serotype H-14 de Bacillus thuringiensis dans deux biotypes 
a moustiques du littoral mediterraneen fran~ais, efficacite comparee de sept formulations 
experimentales derivees d'une meme poudre primaire. WHO/VBC/79.747. 7 pp. (1979). 

VBC. Data sheet on the biological control agent Bacillus thuringiensis serotype H-14 
(de Barjac, 1978). WHO/VBC/79.750- VBC/BCDS/79.01. 13 pp. (1979). 

VBC. Data sheet on the biological control agent Lagenidium giganteum (Couch. 935). 
WHO/VBC/79.753- VBC/BCDS/79.02, 6 pp. (1979). 

VBC. Data sheet on the biological control agent Culicinomyces sp. WHO/VBC/80.755-
VBC/BCDS/80.03, 4 pp. (1980). 

VBC. Data sheet on the biological control agent Metarhizium anisopliae (Metschnikoff), 
Sorokin,(l883), WfiO/VBC/80.758- VBC/BCDS/80.04, 9 pp. (1980). 

VBC. Data sheet on the biological control agent Vavraia (Pleistophora) culicis (Weiser, 1946). 
WHO/VBC/80.759- VBC/BCDS/80.05, 5 pp. (1980). 
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VBC. Data sheet on the biological control agent Nosema algerae (Vavra and Undeen, 1970). 
WHO/VBC/80.760- VBC/BCDS/80.06, 10 pp. (1980). 

VBC. Data sheet on the biological control agent Octomyomermis muspratti (Obiamiwe and 
Macdonald, 1973). WHO/VBC/80.764- VBC-BCDS/80.07, Spp. (1980). 

VBC. Data sheet on the biological control agent Romanomermis sp. WHO/VBC/80.765-
VBC/BCDS/80.08, 4 pp. (1980). 

VBC. Data sheet on the biological control agent Romanomermis culicivorax (Ross and Smith, 
1976). WHO/VBC/80.766- VBC/BCDS/80.09, 21 pp. (1980). 

VBC. Data sheet on the biological control agent Bacillus sphaericus strain l59J, 
WHO/VBC/80.777- VBC/BCDS/80.10, 16 pp. (1980). 

VBC. Data sheet on the biological control agent Isomermis lairdi (Mondet, Poinar and 
Bernadou, 1977). WHO/VBC/80.785- VBC/BCDS/80.11, 5 pp. (1980). 
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10. LIST OF PARTICIPANTS, OBSERVERS AND SECRETARIAT, AND COMPOSITION OF WORKING 
SUB-GROUPS 

Participants 

Dr H. de Barjac, Laboratoire de Lutte bacteriologique, Institut Pasteur, 
25, rue de Dr Roux, _75 724 Paris Cedex 15, France 

Dr H.D. Burges, Insect Pathology Group, Glasshouse Crops Research Institute, Worthing Road, 
Rustington, West Sussex BN16 3PO, UK 

Dr H.C. Chapman, United States Department of Agriculture, Southern Region, Gulf Mosquito 
Research, 803 Ave., J. Chennault, Lake Charles, Louisiana 70601, USA. 

Dr C. Chesdapan, Department of Parasitology, Faculty of Medicine, Chiang Mai University, 
Chiang Mai, Thailand 

Dr B.A. Federici, Department of Entomology, University of California, Riverside. 
California 92521, USA 

Dr P. Ferron, INRA Station de Recherches et de Lutte biologique, La Miniere, 2~280 Guyancourt, 
France 

Dr R. E. Fontaine, Coordinator for Mosquito Research, Department of Entomology, University 
of California, Davis, California 95616, USA 

Dr D.J. Greathead, Assistant Director, Commonwealth Institute of Biological Control, 
56 Queens Gate, London SW7 5JR, UK 

Dr B.C. Hertlein, Lee County Mosquito Control District, P.O. Box 06005, Fort Myers, 
Florida 33906, USA 

Dr T. Mcinnis, Department of Botany, Clemson University, Clemson, South Carolina 29631, 
USA 

Dr L.G. Mukwaya, Principal Research Officer, Uganda Virus Research Institute, P.O. Box 49, 
Entebbe, Uganda 

Dr S. Nalim, Ecology Research Centre, National Institute of Health Research and Development, 
Jalan Percetakan Negara, P.O. Box 226, Jakarta, Indonesia 

Dr N. Okafor, Department of Microbiology, University of Nigeria, Nsukka, Nigeria 

Dr R. Pal, 38 chemin de Pont Ceard, 1290 Versoix, Geneva, Switzerland 

Dr J. S. Pillai, Department of Microbiology, University of Otago, P.O. Box 56, Dunedin. 
New Zealand. 

Dr P.K. Rajagopalan, Director, Vector Control Research Centre, Lenin Street, Kosapalayarn, 
Pondicherry 605 011, India 

Dr S. Rarnalingarn, Head, Department of Parsitology, Faculty of Medicine, University of 
Malaysia, Kuala Lumpur, Malaysia. 
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Dr J.A. Shadduck, Head, Department of Veterinary Pathobiology, University of Illindis, Urbana 
Illinois 61801, USA (unable to attend) 

Dr A.W. Sweeney, 1 Malaria Research Unit, Milpo, Ingleburn, NSW 2174, Australia 

Dr A.H. Undeen, USDA Insects Affecting Man & Animals Research Laboratory, 1600 S.W. 23rd 
P.O.Box 14665, Gainesville, Florida 32604, USA 

Dr J. Vavra, Department of Parisitology, Faculty of Science, Charles University, Vinicna 7, 
Prague 2, Czechoslovakia 

Dr V. Viktorof-Nabokov, Deputy Head, Laboratory of Ecology and Toxicology, University of Kiev 
Vasolkvskaya 98, Kiev, Ukraine, USSR (unable to attend). 

Dr J. Weiser, Head, Department of Insect Pathology, Institute of Entomology, Czechoslovkian 
Academy, Flemingovo no.2 Prague, Czechoslovakia 

Observers 

Dr R.L. Welcomme, Senior Fishery Resource Officer, Fishery Resources & Environmental Division, 
Food and Agriculture Organization, Via delle Terme di Caracalla, 00100 Rome, Italy 
(unable to attend) 

Secretar~at 

Dr J. Hamon, Director, Division of Vector Biology and Control, WHO, Geneva (SWG Secretary), 

Dr J.F. Copplestone, Chief, Pesticide Development and Safe Use Unit, Division of Vector 
Biology and Control, WHO, Geneva 

Dr A. Dubitskij, Special Programme for Research and Training ~n Tropical Diseases, WHO, 
Geneva (SC Secretary) 

Dr F. McCullough, Ecology and Control of Vectors Unit, Division of Vector Biology and Control 
WHO, Geneva 

Ms C. Moreau, Pesticides Development and Safe Use Unit, Division of Vector Biology and 
Control, WHO, Geneva 

Dr M. Vandekar, Pesticides Development and Safe Use Unit, Division of Vector Biology and 
Control, WHO, Geneva (Associate SWG Secretary) 

Working Sub-groups 

1. (6-7 October 1980) 

Members 

Secretariat 

Drs Federici (Chairman), Burges*, Chapman, Chesdapan, de Barjac, Ferron, 
Hertlein, Melmis, Mukwaya, Okafor*, Pillai* Raiagopalan* 
Sweeney, Undeen, Vavra, and Weiser 

Drs Vandekar and Dubitskij (in part) and Ms Moreau 

*contributed to the work of both sub-groups, 1 and 2. 
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2. Parasitoids, competitors and predators (6-7 October 1980) 

Members 

Secretariat 

Drs Pal (Chairman), Burges*, Greathead, Fontaine, Mukwaya*, Nalim, 
Pillai*, Rajagopalan* and Ramal:i.ngam-

Drs Hamon, Dubitskij (in part) and McCullough 

3. Editorial Group (9 October 1980) 

Members 

Secretariat 

* 

Drs Burges (Chairman SWG), Federici (Chairman 
Working Sub-Group 1), Pal (Chairman Working Sub-Group 2), 
Chapman, Pillai and Weiser 

Drs Hamon and Vandekar 

Contributed to the work of both sub-groups, 1 and 2. 
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11. LIST OF WORKING PAPERS, DATA SHEETS AND SUPPORTING DOCUMENTS! 

A. LIST OF WORKING PAPERS (available on request, except those marked "restricted") 

TDR/BCV/SWG.80/WP: 

01 Handbook for SWG participants (TDR/AR/(1)/77.16.Rev.2) 

02 Successive priorities and plans of work recommended by the BCV/SWG 

03 Report of the 3rd meeting of the BCV/SWG (TDR.BCV.SWG(3)/79.3) 

04 Proposed outlines of a long-term Programme of Research and Development of the 
Biological Control of Vectors of Diseases, by H.D. Burges. 

05 Terms of reference for Scientific and Technical Review Committees (STRCs) 

06 Recent progress in the development of viruses for vector control by B.A. Federici 

07 Not issued 

08 Identification and secondary evaluation of promrsrng strains of spore-forming bacteria 
for vector control; phage typing of B. sphaericus strains, its future and significance; 
new developments related to B. thuringiensis for vector control by H. de Barjac. 

09 Reduction of the St. Louis encephalitis vector in sewage treatment with Bacillus 
sphaericus by B. C. Hertlein 

10 Not issued 

11 Recent progress in the development of Coelomomyces and Lagenidiurn for vector control 
by B. A. Federici 

12 Metarhizium and Beauveria for vector control by P. Ferron 

13 Leptolegnia for vector control by T. M. Mcinnis 

14. Tolypocladium cylindro~porum for vector control by J.S. Pillai 

15 Culicinomyces for vector control by A. W. Sweeney 

16 The fungus Tolypocladiurn (Hyphomycetes) for vector control by J. Weiser 

17 Entomophthoraceous fungi in vector control by J. Weiser 

1 Most of these are available on request from the WHO Division of Vector Biology and 
Control, 1211 Geneva 27, Switzerland. 
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18 Mass production of entomopathogenic fungi for vector control by P. Ferron 

19 Microsporidia for vector control with special emphasis on Nosema algerae and Vavraia 
culicis by J. Vavra 

20 Microsporidia other than Nosema and Vavraia for vector control by A. H. Undeen 

21 Biological control of Simuliiade by A.H. Undeen 

22 Recent information on nematodes for vector control by H. C. Chapman 

23 Recent developments concerning the use of nematodes for vector control by J.S. Pillai 

24 Parasitoids for vector control with special reference to those affecting tsetse flies, 
triatomine bugs and intermediate hosts of schistosomiasis by D. J. Greathead and 
F. D. Bennett 

25 The use of Hydra for mosquito control by R. E. Fontaine 

25 bis The use of freshwater turbellarians (flatworms) for mosquito control by R. E. Fontaine 

25 ter The use of some miscellaneous predators for mosquito control by R. E. Fontaine 

26. Invertebrate predators of mosquitos by R. Pal and S. Ramalingam 

27 not issued 

28 not issued 

29 Mosquito larvivorous fish by R. Pal and S. Nalim 

30 not issued 

31 Some considerations on the safety evaluation of microbial pesticides by J. A. Shadduck 

32 Suggestions on ways of increasing the number of scientists in tropical countries 
interested in biological control work by N. Okafor. 

33 Prospects for the development of research on biological control of vectors of diseases 
in Uganda b¥ L. G. Mukwaya 

34 The r1Pvelopment of the research on biological control of vectors of diseases in 

Thailand by C. Chesdapan 

35 Report on a visit to Nigeria by J. Weiser 

36 Report on a visit to Thailand by S. Singer 

37 Vector Control Research Centre, Pondicherry, India: Status of studies on biological 
control agents of mosquitos by P. K. Rajagopalan 

38 The potential of biological control agents for the prevention and control of vector
borne diseases (restricted) 
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B. List of VBC Data Sheets on Biological Control Agents (available on request) 

79.01 

79.02 

80.03 

80.04 

80.05 

80.06 

80.07 

80.08 

80.09 

80.10 

80.11 

80.12 

c. 

VBC/BCDS/: 

Bacillus thuringiensis, serotype H-14 

Lagenidium giganteum 

Culicinomyces clavisporus (Australian strain) 

Metarhizium anisopliae 

Vavraia culicis 

Nosema algerae 

Octomyomermis muspratti 

Romanomermis iyengari 

Romanomermis culicivorax 

Bacillus sphaericus, strain 1593 

lsomermis lairdi 

Dugesia dorotocephala 

Supporting Documents 

TDR/BCV/SWG.80.01 Draft Agenda 

TDR/BCV/SWG.80/02 Draft Annotated Agenda 

TDR/BCV/SWG.80/03 Tentative Timetable 

TDR/BCV/SWG.80/04 Proposed Working Arrangements 

TDR/BCV/SWG.80.05 List of Working Papers, Data Sheets, Supporting Documents 

TDR/BCV/SWG.80/06 Interim List of Biological Control Research Projects 

TDR/BCV/SWG.80.07 Provisional List of Participants 

Relevant extracts of: 

Synopsis nf the world malaria situation, 1978. 
lJ 3-200 ( 1980) 

Weekly Epidemiological Record, 55: 

Final Report of the Regional Workshop for Directors of Antimalaria Programmes, 
Regional Office for the Western Pacific of the World Health Organization, Manila, 
Philippines. 

WHO Expert Committee on Malaria, Seventh Report, WHO Technical_~ep_()r~ Se_!:_f.e_s, No. 640. (1979) 

Epidemiologyand Control of Schistosomiasis, Report of a WHO Expert Committee, WHO 
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12. LIST OF ABBREVIATIONS 

BCV Biological Control of Vectors 

CAB Commonwealth Agricultural Bureau 

CIBC Commonwealth Institute for Biological Control 

FAO Food and Agriculture Organization 

IOBC International Organization for Biological Control 

JCB Joint Coordinating Board 

ORSTOM Office de la Recherche Scientifique et Technique Outre-Mer 

RSG Research Strengthening Group 

STAC Scientific and Technical Advisory Committee 

STRC Scientific and Technical Review Committee 

SWG Scientific Working Group 

TDR Special Programme for Research and Training in Tropical Diseases 

UN United Nations 

UNEP United Nations Environmental Programme 

UNIDO United Nations Industrial Development Organization 
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Table 1 - Scheme for screening and evaluating the efficacy, safety, and environmental impact of biological agents for control 
of disease vectors for WHO-BCV 

r------------.------------...---S;;-:t-a-ge--;;I-:II:;----,---------------------·--------------
Stage I Stage II Preliminary Field Stage IV I Stage v 

Search & Laboratory Experimental Laboratory Trials Pilot Production Large-scale Field Trials 

~PATHOGENS 

Identification & 
characterization 

~· Assessment against 
selected target 
vectors 

~· Preliminary 
evaluation of ease 
of rearing in 
quantity 

A. Mammalian infectivity 
tests to ensure safety 
to laboratory and 
field personnel 

B. Preliminary assessment 
against certain non
target species in ~he 
laboratory 

**PARASITOIDS PREDATORS AND COMPETITORS , 

jA. Observation on A. Recording both 
presence in field. biological and 
Prelimiaary identifi- environmental effects 
cation and dispatch in actual breeding 
to a refereDce or places 
identification 
centre 

IE· Observations on B. Preparation of a clear 
biological effective- statement of desirable 
ness and on characteristics and 
environmental effects constraints as a guide 

to field trials 

c. Production of experi- c. Observations on non-
mental quantities in target organisms 
the lab. or by 
collection from field 

A. Strictly regulated 
tests under WHO 
supervision to 
determine efficacy 
against disease 
vectors under 
natural conditions 

A. Trials in small-
scale natural 
habitats of 
important vectors 

A. Pilot production 
and more detailed 
tests on mammalian 
infectivity/ 
safety 

B. Detailed lab. and 
field studies on 
non-target fauna 
especially that in 
habitats where 
Stage V trials may 
be conducted 

C. Studies on stability 
of suitable formula
tions and delivery 
system 

A. Pilot production by 
culture or by 
collection from 
field 

B. Moderate scale 
trials and impact 
on non-target 
organisms 

c. Quantitative 
assessment of 

i 

A. Production for large
scale trials with 
quality control and 
preliminary standard
ization of the products 

!B. Conduct large-scale 

A. 

B. 

trials and entomological 
assessment 

Production for large-
scale trials with quality 
control and preliminary 
standardization of the 
product 

Conduct large-scale trial 
and entomological 
assessment 

biological effective-
ness 

I 
*safety testing will be designed to meet the requirements of the countries involved in the research and development. 

**The agent may be applied at any stage beyond II B according to its potential and the habitats in which it is to be released, 
particular importance being placed on environmental impact if the species is exotic. Most countries have regulations for 
the introduction and quarantining of exotic beneficial organisms, which should be followed. 
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Table 2 - Relative positions in the five-stage review scheme and priority assigned to 
candidate biological control agents affecting vectors of human disease 

Priority 

2 

1 

3 

2 

4b 

3 

3 

4b 

3 

4a 

4a 

4a 

4a 

4a 

4a 

2 

5 

4a 

3 

4a 

5 

5 

1 

3 

2 

Organism 

BACTERIA 

Bacillus thuringiensis H-14 

Bacillus sphaericus 1593 

FUNGI 

Coelomomyces spp. 

Culicinomyces clavosporus 

Entomophthoraceae 

Lagenidium giganteum 

Leptolegnia sp. 

Metarhizium, Beauveria spp. 

Tolypocladium cylindrosporum 

PROTOZOA 

Dimorphic microsporidia 

Lambornella spp. 

Monomorphic microsporidia 

Nosema algerae 

Snail/schistosome microsporidia 

Vavraia culicis 

NEMATODES 

Romanomermis culicivorax 

Neoaplectana spp. 

Octomyomermis muspratti 

Romanomermis iyengari 

VIRUSES 

Baculoviruses 

Densonucleosis viruses 

Iridescent viruses 

FISH 

Gambusia affinis 

Aphanius dispar 

Aplocheilus spp. 

Stage of investigation, 
October 1980 

I 

+ 

+ 

ip 

+ 

ip 

+ 

+ 

+* 
+ 

ip 

ip 

+ 

+ 

+ 

+ 

+ 

ip 

+ 

ip 

ip 

+ 

+ 

+ 

II 
1 

III 

+ 

+ 

p 

ip 

ip 

ip 

+* 
ip 

ip 

+ 

+ 

p 

p 

+ 

p 

p 

+ 

ip 

+ 

ip 

ip 

p 

ip 

ip 

p 

ip 

pr 

p 

pr 

p 

p 

ip 

ip 

p 

IV 

ip 

ip 

pr 

pr 

pr 

pr 

+ 

p 

v 

ip 

p 

OP 



Priority Organism 

3 Nothobranchius spp. 

4b CtenoEharyngodon idella 

4a Oryzias spp. 

2 Poecilia reticulata 

4b Tilapia spp. 

INVERTEBRATE PREDATORS & PARASITES 

4a Dugesia dorotoceEhala 

3 Exhxalanthrax spp. 

4a Hellobdella sp. 

5 Limono~eton feiberi 

4a Lutzia spp. 

4a MesocxcloEs leuckarti pilosa 

4a Mutillidae 

5 Nesolynx spp. 

4b Sciomyzidae 

2 Toxorhynchites spp. 

COMPETITORS OF SNAILS 

3 Marisa cornuaretis 

Stage of 
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Table 2 (cont'd) 

investigation, I 
October 1980 

I II III IV v 
! 

+ ip p 
I 

+ ip p 

+ p 

+ + ip p 

+ ip p 

+ + p 

ip p p 

+ ip ip p 

+ + - - -
+ ip p 

+ + ip p 

ip p p 

+ + + + -
+ p 

+ + + ip p 

+ ip p 

OP = operational; + = completed; ip in progress; p = planned; pr = projected; 

- = not feasible; a blank space indicates neither planned nor projected; * = until 

better strains are found. 
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Table 3 - Promising agents under advanced evaluation for the control of the vectors of 
selected human diseases 

Disease 

Malaria 

and rural 

Bancroft ian 

filariasis 

(Anopheles

borne) 

Schistosomiasis 

"Urban" 

Bancroft ian 

filariasis 

South Pacific 

Bancroft ian 

filariasis 

Malayan 

filariasis 

Onchocerciasis 

African 

trypanosomiasis 

Chagas' 

disease 

Leishmaniasis 

at larval stage: 

at larval stage: 

at larval stage: 

at larval stage: 

Control Agent 

B.t. H-14 

Gambusia affinis 

Aphanius dispar 

Aplocheilus spp. 

Poecilia reticulata 

Romanomermis iyengari 

Romanomermis culicivorax 

Marisa cornuaretis 

B. t. H-14 

B. sphaericus 1593 

B.t. H-14 

Toxorhynchites spp. 

B.t. H-14 

B.t. H-14 

Exhyalanthrax spp. 

None at present 

None at present 

Bacteria 

Fish 

Fish 

Fish 

Fish 

Nematode 

Nematode 

Snail 

Bacteria 

Bacteria 

Bacteria 

Predator 

Bacteria 

Bacteria 

Parasitoids 
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Table 4 - Allocation of funds since the start of the BCV Special Programme and policy 
as discussed by the SC 

Subject $ + 10
3 

% Tendency 

Search, determination and screen 262 23 Divert portion to 
bioassay development 

Bacillus SEhaericus 222 19 Maintain 

Bacillus thuringiensis H-14 184 15 Big increase 

Metarhizium anisoEliae 51 4 Big decrease 

EntomoEhthora spp. 26 2 Decrease 

Leptolegnia spp. 37 3 Some increase 

Culicinomxces clavosporus 68 6 Maintain 

TolxEocladium cylindrosporum 7 0.6 Increase 

Coelomomyces spp. 36 3 Maintain 

Micro sporidia spp. 56 5 Decrease 

Safety 186 15 Maintain 

Nematodes, Trematodes 13 1 Some increase 

Predators (invertebrate) 25 3 Some increase 

Predators (fish) 23 2 Some increase 

---
1,196 
---

= 


