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1NDЕхЕ о 

Great successes have been achieved in controlling the insect vectors of disease during the 
past 25 years by means of the synthetic residual insecticides. Notably with the aid of DDT, 

malaria has been eradicated from large areas of the world, and the vectors of epidemic typhus, 
yellow fever, onchocerciasis, plague and other diseases have been strikingly controlled. 
Organophosphorus and carbamate compounds have been developed to replace the organochlorine 
insecticides, notably for filariasis control, although this replacement has not as yet proved 
economic for the malaria eradication programme. Thus these successes are largely being 
achieved at the price of adding persistent chemicals to the environment. 

It was for this reason that the Twenty -second World Health Assembly requested the Director -• 
General to stimulate and intensify research on the development of alternative methods of vector 
control.- WHO is in a particularly good situation to perform the necessary field experiments 
to investigate alternative methods since it already has in operation a number of vector control 
research units in various parts of the world, and this new undertaking could be fulfilled at 
a reasonable cost by an expansion of staff and facilities at these units. The Organization 
also has been engaged for nearly a decade in surveying and identifying biological control 
agents that might have practical application. It also enjoys the close co- operation of a 

number of universities and other institutions which are engaged in the basic research that is 
essential for the success of practical field experiments. 

The following report presents proposals for necessary additional research activities to 
examine and develop alternative methods of vector control. In order to obtain an adequate 
assessment of the possible methods, it is estimated that a period of five years is required, 
and the proposals refer to that time period. The proposed field experiments are described 
against the background of existing scientific knowledge in sections 1 -4, while their exact 
descriptions and estimated costs are set forth in the concluding section. 

1. THE GENERAL PROBLEM 

Hitherto the control of insect vectors has been mainly dependent upon chemical control; 
thus a control method that is essentially of a temporary nature has become recurrent and 
permanent. Such control operations have been carried on without adequate attention to the 
basic problem which is one of vector numbers and their relationships to their hosts and the 
pathogens they transmit. The increasing resilience of many vectors, due to the development 
of insecticide resistance and the destruction of natural enemies, has served to aggravate the 
necessity for more insecticides in the environment. It is only now that it has become self- 
evident that the study of the basic ecology of the vectors should have been first undertaken 
as the essential background for an enlightened choice of the control methods to be selected. 

It should be stressed at the outset that alternatives to simply adding chemicals to the 
environment demand an adequate staff sufficiently trained in biological principles and ento- 
mological techniques. They would increase the demands made by developing countries on their 
own intellectual resources, while economizing on material resources usually obtainable only by 
purchase from the developed countries. Thus alternative methods of control, while they might 
prove to be more economical in the long run, will certainly be more arduous. They will 
require: 

1 Off. Rec. Wld 11th Org. No. 176, resolution WHA22.40. 
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(a) adequate and continuous surveillance of vector and pathogen densities; 

(b) continuing assessment of the results of the control methods applied; and 

(c) close attention to detail in applying these methods, and in modifying them to meet 

new situations as they develop. 

A general classification of the alternative methods available would include: (i) bio- 

logical control, involving the use of fish and arthropodan predators, insectan and helminth 

parasites, and fungal, bacterial or viral diseases of vectors; (ii) genetical control, 

involving the release of males which have been radiosterilized, chemosterilized, are of 

cytoplasmically incompatible strains, are sterile hybrids, carry genetic translocations or 

have deleterious genes; (iii) traps and attractants; and (iv) hormones and natural toxins. 

In addition there is: (v) environmental sanitation, which more than all the others is 

closely integrated with the development and economic well being of the country concerned. 

All of these categories were considered in detail at a series of Informal Consultations on 

Alternative Methods of Vector Control held in December 1969, which followed the Informal 

Consultations on the Genetic Control of Insects of Public Health Importance held in Washington 

in 1968. 

In considering biological control in the classical and restricted sense, it is clear 

that although it has a long history, trials with specific biological agents for vector control 

have never been maintained with sufficient staff or for a long enough time to obtain a proper 

assessment of their capabilities. Genetical control on the other hand is in the forefront 

of present -day scientific development, and has achieved two outstanding successes. The 

lack of success attained in other experiments might have been avoided if an adequate ecolo- 

gical background knowledge had been previously obtained. The use of attractants and traps 

demands the co- operation of the population to prevent their removal, and great persistence 

is necessary if these agents are to have a chance of success. Hormones and natural toxins 

are now coming forward as products of promising new lines of research, and they have the 

advantage of being naturalistic compounds compatible with the environment. 

In considering alternative methods of control, the principal emphasis must be placed 

upon the mosquitos, as being vectors of malaria, filariasis and arbovirus diseases. Attention 
must also be paid to Glossina tsetse -flies, Triatoma cone-nose bugs, and Simulium blackflies 

as vectors of trypanosomiases and onchocerciasis. Body lice can scarcely be considered as 

objects for biological control, but it is possible that genetical or biological control may 

eventually be developed for fleas and ticks. 

2. BIOLOGICAL CONTROL 

2.1 Predacious insects 

Although ants are predacious on house -flies, Reduvius and Spiniger on Triatomine bugs, 

and nymphs of dragon-flies, stone -flies and certain may -flies on the larvae of Simulium, 

there are only three groups of insectan predators worthy of consideration for use at this 

time; all of them are predacious on the larval stage of mosquitos. 

2.1.1 Toxorhynchites 

This is a genus, comprising some 57 species, of very large mosquitos which do not bite 

and whose larvae prey on the larvae of other mosquitos. Usually inhabiting tree -holes and 

other small containers, they are particularly effective against the larvae of Aedes aegypti 
and Ae. albopictus. The female distributes her eggs in a number of containers, and her 

larval offspring often succeed in killing, if not devouring, all the mosquito larvae in the 
container. The species T. inornatus was introduced into Fiji in 1931 to control the fila- 

riasis vector Aedes polynesiensis; beyond the fact that it established itself, nothing could 
be concluded about its effect due to the lack of pre -release and post -release ecological 
surveys. 
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There are several species of Toxorhynchites suitable for experiments in mosquito control. 
The larvae may be reared in a field insectary, and on a non -living diet if necessary. 
Maximum production would require the larvae to be reared separately, since they are canni- 
balistic, and under these conditions the theoretical production from one original pair would 
be 36 000 adults in 10 weeks. 

The first choice would be the African species T. brevipalpis, known to devour 100 -200 
Ae. aegypti larvae at the rate of 30 per day. For example, in an automobile dump at 

Dar -es- Salaam, which is an abundant source of Ae. aegypti, this predator species is nearly 
two -thirds as abundant as its prey at the height of the rainy season, and in tyres is actually 
more frequent than its prey. In Uganda the variety conradti of this species has been shown • 

to reduce three species of culicines by nine per cent, at the minimum and 61 per cent, at 

the maximum. Another important predator species is T. splendens of South -East Asia, succes- 
sfully introduced into Fiji and Samoa. In Bangkok 10 per cent, of the water -jars contain 
this predator as compared to 50 per cent, containing Ae, aegypti. These figures concern an 
equilibrium condition where the predator is left to go its own way unaided. If large 
numbers are artificially bred and applied in an inundative release, the results could well 
be quite striking. 

Research proposed 

It is recommended that an experiment be carried out involving Toxorhynchites brevipalpis 
directed towards the control of Ae. aegypti, This trial could be performed by the WHO East 
Africa Aedes Research Unit situated in Dar -es- Salaam, Tanzania, provided additional resources 
were made available to it; details will be found in section 5.1.3, page 16. The research, 
including a pre -- release survey, would require a minimum of three years. In succeeding years 
the experiment could be repeated on a larger scale, 

It would in addition be necessary to provide financial assistance to a suitable laboratory 
to undertake the development of a technique for the large -scale production of T, brevipalpis 
and to advise in its use in the field. Financial proposals for this work will be found in 
section 5.3.1, page 17, 

2.1,2 Lutzia 

This genus contains about 10 species of fairly large mosquitos that feed only on birds 
and whose larvae prey on other mosquito larvae. Inhabiting water bodies of all sizes, they 
are suitable for larval control of Culex fatigans and anopheline mosquitos. Suitable mass - 
rearing methods must first be developed for Lutzia, and if successful they could then be tested 
by the Research Unit on the Genetic Control of Culicine Mosquitos in India, recently estab- 
lished at Delhi against C. fatigans and by the Centre Muraz (OCCGE) at Bobo Dioulasso against 
A. gambiae. Ni additional resources are required to perform this work at present. 

2,1.3 Notonecta 

Nymphs and adults of these water -bugs ( "back- swimmers ") feed voraciously on mosquito 
larvae. While it is unlikely that they ever will be artificially propagated, they fall in 
the class of biological control agents whose elimination is to be avoided and whose multipli- 
cation is to be encouraged. 

2.2 Parasitic insects and mites 

• Among the parasitic wasps and flies, none are known to parasitize mosquitos. Against 
Triatoma and Rhodnius, the vectors of Chagas' disease, the parasitic wasp Telenomus fariai 
normally accounts for 10 -30 per cent, egg mortality in Venezuela. It is now being investi- 
gated at the Central University of Venezuela, Caracas, and there seems to be no obstacle to 

obtaining sufficient numbers for field experiments. The reason why Triatoma rubrofasciata 
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is unimportant in the Indian sub -continent but important in South America is now being 

investigated in Pakistan, under WHO support to the Commonwealth Institute of Biological 

Control, in the hope that useful parasites may be found. The parasitic mite Pimeliaphilus 

has shown promise against Triatomines in California. 

Against hard ticks (Ixodes, Hyalomma and Dermacentor), the nymphal parasite Hunterellus 

hookeri has shown promise because of its wide occurrence. But although it gave fairly good 

results against D. variabilis in Massachusetts, a large -scale trial against D. andersoni in 

Montana conducted in 1927 -1932 met with failure. Tsetse -flies have yielded about 20 species 

of parasites, of which Mutilla glossinae is the most important, but nothing is known of their 

actual or potential quantitative role. 

Against the house -fly, several species of the parasitic wasp Spalangia, which attack the 

pupal stage, have been liberated in Puerto Rico, Hawaii, Fiji and Guam. Similar wasps of 

the genus Muscidifurax are effective parasites of pupae. Another chalcidoid wasp Diapria 

commoda, has been mass -produced for house -fly control in Kyoto, Japan. Evidently their 

success has been limited. At present the most promising arthropod agents for house -fly 

control are the Macrochelid mites, which are ectoparasitic on the adults and predacious on 

the larvae in their breeding sites. 

Research proposed 

It is recommended: 

1. That financial assistance be provided to a laboratory to perform investigations into the 
possible effectiveness of several exotic species of Spalangia and Muscidifurax parasites for 
house -fly control. See section 5.3.2, page 17. 

2. That a laboratory be provided with financial support to investigate insect parasites as 

agents of biological control of Triatoma. See section 5.3.3, page 17. 

2.3 Me.rmithid nematodes 

Many species of these minute roundworms parasitize insect vectors, and their taxonomy has 

not yet been properly worked out. In agricultural entomology, the nematode Neoaplectana 
glaseri has been mass -produced for control of the Japanese beetle. The most promising nema- 

tode for mosquito control is a species of Romanomermis, now in culture at the United States 
Department of Agriculture laboratory at Lake Charles, Louisiana. It parasitizes the larvae 

of a great range of mosquito species, especially Culex fatigans and anophelines. It is 

easily propagated on laboratory colonies of Culex, and can be produced as encapsulated eggs 
for field release. Ponds inoculated with Romanomermis in Louisiana have yielded parasitized 
larvae for years. 

Research proposed 

The following are recommended: 

1. That arrangements be made with the above -mentioned Entomology Research Division, United 

States Department of Agriculture, Lake Charles, United States of America, to perfect the 

large -scale culture of the Romanomermis nematode. Financial proposals to support this work 

will be found in section 5.3.4, page 17, 

2. Two field trials be organized to determine the effectiveness of the nematode as follows: 

(a) at the WHO Aedes Research Unit in Bangkok against Culex fatigans; 

(b) at the WHO Anopheles. Control Research Unit at Kaduna, Nigeria, against Anopheles 

gambiae. 
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Financial proposals to provide additional resources for these units will be found in 
sections 5.1.1 and 5.1.2, page 15. 

3. That the effect of an introduction of Romanomermis made by a WHO consultant on Nauru 
Island in 1967 against C. fatigans and Ae. aegypti be assessed. Two consultant months will 
be required for these observations. See section 5.2.1, page 17. 

2.4 Fungi 

2.4.1 Coelomomyces 

Many species of this fungus have been found parasitizing larvae of a great variety of 
mosquitos in various parts of the world. Resistant sporangia are formed in the killed 
larvae, and these are the main source of new infections; should the infected larve transform 

to adult mosquitos, the fungus can be carried to new breeding sites. The genus Coelomomyces 
has been considered to be one of the most promising agents for biological control of mosquitos. 

In a field trial conducted in 1958 under WHO auspices in the Tokelau Islands of the 

Pacific ocean, Nukonono atoll was treated with sporangial suspensions of C. stegomyiae 
obtained from Aedes albopictus in Singapore, with a view to controlling the filariasis vector 
Ae. polynesiensis on the atoll. By 1960 the control obtained was comparable to that given 
by dieldrin briquettes on a neighbouring atoll. The fungus had spread naturally to some new 
breeding places, and the over -all infection rate in Ae. polynesiensis was about five times 
higher than it had been in the original Ae. albopictus source in Singapore. 

In field experiments conducted in 1967 in Egypt, rice fields were inoculated with dead 
larvae of Anopheles pharoensis infected with C. indicus. The existing populations of 
An. pharoensis became infected in three out of the four fields, but by the second week the 
surviving larvae were all uninfected. The difficulty of obtaining new infections with 
C. indicus, which depends on the sporangia germinating into zoospores, is being exhaustively 
studied in a culture maintained on An. gambiae at the University of Bristol, with financial 
assistance from WHO. 

At the University of North Carolina, however, it has been possible to maintain good 
cultures of C. punctatus on the anopј-eline An. quadrimaculatus, to produce dry sporangial dusts 
with an eight -month shelf life, and to study infections in the field. Moreover very recently 
at the University of Otago, New Zealand, it has proved possible to produce massive infections 
of Aedes australis with Coelomomyces. 

Research proposed 

The following research is recommended: 

1. To promote the development of laboratory production methods for Coelomomyces sporangia, 
and to investigate in detail the infective process with sporangia. 

This would require the provision of financial aid to a suitable laboratory. Details are 
provided in section 5.3.5, page 17. 

2. To assess the long -term fate of C. stegomyiae on the Nukonono atoll in the Pacific. These 
investigations could be performed by a consultant over a period of two months (section 5.2.1, 
page 17). 

З. To arrange for a field trial to be performed on a suitable island in the Pacific. This 
will require the provision of financial support to a collaborating laboratory in that area. 
See section 5.3.6, page 17. 

4. A study on the distribution of Coelomomyces in East and West Africa. 
months. See section 5.2.2, page 17. 

Two consultant 
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2.4.2 Other fungi 

Species of the genera Beauveria and Entomophthora are considered promising for the 

biological control of house -flies, E. muscae having been used experimentally as early as 1914. 

The fungi known to have a wide spectrum of target hosts among agricultural insects include 

Aspergillus and Metarrhizium anisophliae; since they may readily be produced as commercial 

products, assessment of their effect on insect vectors of disease might prove to be profitable. 

The filtrate from cultures of Aspergillus niger, for example, has been found to be quite toxic 

to Aedes aegypti larvae. 

2.5 Microsporidea 

This is an order of spore -forming protozoa that contain important parasites of mosquito 

larvae, notably the genera Nosema, Thelohania and Pleistophora. These often form persistent 

infections in laboratory colonies of mosquitos, and they are transovarially transmitted from 

one generation to the next. A species of Nosema from Anopheles quadrimaculatus is being 
developed for production of pure spore suspensions at the United States Department of 

Agriculture laboratory at Gainesville, Florida. The microsporidean Pleistophora culicis 
introduced onto Nauru Island in 1967 eliminated Culex fatigans in two out of the four breeding 
sites inoculated. A species of Thelohania parasitizing Culex salinarius has been distributed 
in the field at Lake Charles, Louisiana, but failed to increase the natural infection rate. 

Microsporidea have often featured as agents of epidemics of disease in laboratory colonies 
of mosquitos. They have also been noted to be frequent parasites of species of Simulium 
blackflies in the field. 

Research proposed 

1. Examination of the long -term effect of Pleistophora culicis introduced on Nauru Island 
in 1967. This could be undertaken by the two -month consultant referred to in section 5.2.1, 
page 17. 

2. Examination of the microfauna parasitizing anopheline larvae in a semi -tropical country. 
Section 5.3.7, page 17. 

3. Study of the various species of microsporideans parasitizing Simulium in eastern North 
America, preparatory to studies elsewhere in the world. Section 5.3.8, page 17. 

2.6 Bacteria 

While species of Pseudomonas bacteria present in polluted water may kill mosquito larvae 
by their toxic products, direct bacterial infection is apparently rare and the commercially - 
produced spores of Bacillus thuringiensis are not an effective larvicide for mosquitos, 
although they are for house -flies. However, a close relative of B. thuringiensis which has 
two parasporal bodies per cell has been discovered in Culex tarsalis at the University of 
California, Riverside, United States of America, and proves to be highly pathogenic to Aedes 
larvae. Moreover this organism, called Bacillus HA-068, may be cultured on an artificial 
medium. 

Research proposed 

The following are recommended: 

1. That support be given for large quantities of ВА -068 to be produced by the Department of 
Biological Control at the above -mentioned University of California, Riverside, United States 
of America. Financial details will be found in section 5.3.9, page 17. 

2. That a field trial be organized to determine the effectiveness of this organism to control 
Culex fatigans. This experiment could be undertaken by the Aedes Research Unit situated in 
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Bangkok, Thailand. The additional resources required to perform the work will be found in 

section 5.1.2, page 15. 

2.7 Viruses 

Virus infections of mosquitos were not discovered until 1963. Since then a mosquito 

iridescent virus (MIV) has been discovered in Aedes taeniorhynchus in Florida, but it is in- 

capable of patently infecting more than half the larvae. A cytoplasmic polyhedral virus (CPV) 
has also been discovered in this species, but it loses its virulence on culture. Recently a 

nuclear polyhedrosis virus (NPV) has been discovered in Ae. sollicitans at Lake Charles; this 

is highly virulent and can be cultured in Ae. aegypti. At the Alès Cytopathological Station 

of the Institut National de la Recherche Agronomique, France (WHO is providing financial 

assistance to this laboratory), an iridescent virus has been discovered in Ae. detritus from 
Tunisia, and this is being cultured in Ae, aegу ti cells. Even more promising is a new pox - 
type virus discovered in Ae. albimanus from Panama. In Czechoslovakia, an iridescent virus 

has been discovered in the blackfly Simulium ornatum. 

Research proposed 

It is recommended that support be given to further laboratory studies on these and other 

viruses, especially to ensure their establishment in laboratory culture and to investigate the 

range of mosquito species that are susceptible and the degree to which they can be infected. 

Financial provisions for this have been included under sections 5.3.10 and 5.3.11, page 17. 

2.8 Training in biological control 

Since biological control requires an intensive knowledge of a large array of pathogenic 
organisms, the training of workers in this specialized field should be promoted. This could 
continue to be centred on the International Reference Centre for Diagnosis of Diseases of 
Vectors located at Ohio State University, Columbus, United States of America. Ways and means 
should be explored of extending this training, associated with the identification of the disease 
organisms, to other countries and particularly where the problems of vector -borne disease are 
acute. 

Action recommended 

It is recommended that the financial support to the WHO International Reference Centre 
on Insect Pathology in Columbus, Ohio, be increased to meet basic costs in the training of 
students from tropical countries. Section 5.3.12, page 17. 

2.9 Cautionary considerations 

The Expert Group in the Information Consultations on Alternative Methods of Vector Control 
recommended that before any agents are introduced into the aquatic environment, the investi- 
gators responsible should consult with the appropriate hydrobiological experts and local 
authorities. 

Moreover, the Expert Committee on Insecticides in its sixteenth report (1967) recommends 
that any biological control agent, living or dead, be subjected to the same searching exami- 
nation for potential toxicity to man as is applied to the synthetic insecticides. Each 
assessment should be made in a laboratory possessing the specialized knowledge appropriate to 
the particular agent. 

The possibility that resistance may develop to biological agents should not be disregarded. 
Already certain strains of house -flies have developed slight resistance to the toxin of 
Bacillus thuringiensis in the laboratory. Certain strains of the honey bee are genetically 
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resistant to infection by Bacillus larvae, the foulbrood- disease organism. Certain popula- 
tions of the larch saw -fly and the alfalfa weevil can neutralize, by encapsulating them, 

internal parasites which normally develop in these species. Moreover, there is always the 

possibility of a prey species developing a change in behaviour which allows it to evade its 

predator. 

Research proposed 

It is recommended that financial support be provided to a suitable laboratory to perform 
investigations on their safety to mammals of living organisms that might be used for biological 
control. Section 5.3.13, page 17. 

2.10 Larvivorous fish 

Virtually the only biological agents that are at present being applied for the control 

of mosquitos are predacious fish of minnow size. In fact, they offer the greatest promise 

of all candidate agents for biological control, and would be well worth the considerable 
expenditure of time and money necessary to develop them on a scientific basis. The most 

important species is Gambusia affinis, the so- called mosquito fish, a native of Texas which was 
first introduced into Hawaii in 1905. The next step was its introduction into Spain in 1921, 

and during the following decade, when malaria was being combatted with Paris green insecticide, 
G. affinis was introduced into countries on all sides of the Mediterranean and Black Sea. 
It was also distributed in many areas of North America for culicine control. After suffering 
a 20 -year eclipse due to the appearance of the chlorinated insecticides, mosquito fish are 
again coming into their own in widely -dispersed areas such as Hawaii, New Mexico and Iran. 

The technology is simple, involving the discovery and maintenance of ponds yielding a 
rich and continuous source of supply, and the distribution of the fish from this source in 

pails or other simple containers. Gambusia affinis thrives in a great variety of waters 
and temperatures, bearing its young alive and producing at least five generations a year; 
the average daily consumption of a single mosquito fish is about 100 mosquito larvae, and a 

population at 15 fish per square metre can achieve complete control where conditions are 

favourable; moreover, Gambusia can survive in the absence of larvae. 

The spectrum of fish species available for mosquito control is now considerably enlarged. 
The guppy, Poecilia (Lebistes) reticulata, is particularly well adapted to the polluted waters 
in which the mosquito Culex fatigans breeds. The zebra minnow, Fundulus kansae, can penetrate 
dense mats of vegetation. Species of Panchax, Notropis, Limia and Mollienesia are also useful 
predacious fish and may have their own particular optimal situations. Species of Cyprinus 
and Tilapia that are partly herbivorous have the effect of opening up dense vegetation to 
allow the access of the predacious species to larvae. 

The stocking of ponds and swamps in Georgia, United States of America with Gambusia in 
1925 was concluded to have reduced the density of anopheline larvae by 50 per cent, and of 
culicine larvae by 80 per cent, Recently the stocking with Gambusia has been credited with 
completely eliminating anopheline larvae in a marsh in Iran measuring 18 by 12 km. Popu- 
lations of Lebistes in Rangoon, Burma, surviving from introductions of at least 10 years 
previously were found in 1968 to be holding the density of Culex fatigans in the pukka drains 
down to a level which, when compared to in the drains without fish, indicated 98 per cent. 
control. Introduction of the guppies into new drains resulted in their establishing them- 
selves but not in their exerting control of the mosquitos, due to the persistence of larvae 
in inaccessible corners. 

The use of Gambusia is compatible with the application of certain insecticides, For 

example, a 300- hectare swamp on Oahu Island, Hawaii, where a dense population of mosquito 
larvae follows the annual rains, is first seeded with Gambusia plus Lebistes and Limia at 500 
fish per hectare and then treated three times with the organophosphorus insecticide fenthion 
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at 0.25 kg per hectare to allow the fish to establish an ascendancy over the larvae, which 
they succeed in maintaining unaided for the following 10 months of the year. Actually, 
strains of Gambusia resistant to chlorinated insecticides and tolerant to the organophosphorous 
compounds are extant in Mississippi, United States of America. 

For bodies of water which disappear in the dry season, such as those in which Anopheles 
gambiae breeds in the interior of Africa, it is better to use fish which lay eggs that are 
resistant to desiccation. Such are the killifishes (annual fish), and notably the African 
Nothobranchius guentheri and the South American Cynolebias bellottii. One drawback however 

is that they do not multiply during the year after each annual introduction, since the eggs 

for the next generation must await desiccation before hatching. 

Research proposed 

The following are proposed: 

1. An extensive field trial is recommended to assess the effect of larvivorous fish in 
controlling An. gambiae and An. funestus in Africa. This could be undertaken by the WHO 
Anopheles Control Research Unit I (IR -0270) situated in Kaduna, Nigeria. The fish species 
to be utilized would be the live -bearers Gambusia and Poecilia, supplemented with the eggs 
of annual fishes. Their ability to establish themselves and reduce the mosquito larvae would 
first be assessed in representative water bodies, and then a number of special fish breeding 
sites would be established as a source for the whole area to be treated. Additional financial 
support in section 5.1.1, page 15. 

2. A second extensive field trial is recommended for the control of the Japanese B 
encephalitis vector Culex tritaeniorhynchus together with Culex fatigans in the rice fields 
of northern Taiwan. While Gambusia and Poecilia would be the fish species tested, an 

assessment will be made of the usefulness of carp (Cyprinus carpio) since it represents a 
second edible crop. The experimental area should be approximately 75 km2, and the first two 
years of the experiment should be devoted to an ecological study of the rice-field fauna and 
to developing methods of mass rearing for the area. The actual experiment, involving 
repeated releases of fish as necessary, and assessment of the Culex larval populations, should 
then be maintained for the next three years. These experiments could be performed by the 
WHO Japanese Encephalitis Vector Research Unit (IR -0577) established in Taiwan in 1970. The 
additional financial resources required are shown in section 5.1.4, page 16. 

3. Studies on the choice of species and strains of fish suitable for mosquito control in 
tropical conditions. These could be performed by a university department. Section 5•3.14, 
page 18. 

4. Studies on the distribution and availability of larvivorous fish are required in Africa 
and the Western Pacific. This could be done by a consultant in two months. Section 5.2.3, 
page 17. 
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3. GENETICAL CONTROL 

This method of using insects to eliminate their own kind is nearly always performed by 
liberating a certain type of male that ensures that the female with which it mates lays 
sterile eggs. The usual way is to alter the genetic material of the male (thus producing 
"sterile males ") by treating them with radiation or chemosterilants. But more recently 
the "sterile male" principle has been achieved by using sterile interspecies hybrids, strains 
bearing chromosomal translocations, or strains which are cytoplasmically incompatible. 

3.1.1 Radiosterilized Males 

Eradication of the screw -worm from the island of Curacao was attained in 1954 five months 
after initiation of releases of radiosterilized male pupae. Subsequently the same method 
eradicated the screw -worm from the peninsular state of Florida and was highly successful in 
the continental state of Texas. Radiosterilized males of the malaria mosquito Anopheles 
quadrimaculatus released in two field trials in Florida were not successful in eradicating 
this species apparently because they failed to disperse from the release sites and were not 
sufficiently competitive with the wild males in mating. Probably the same reasons were 
responsible for the failure of radiosterilized males of Aedes aegypti in a field experiment 
near Pensacola, Florida. 

Radiosterilized males of Culex fatigans released in Aslatnagar village, India, did 
achieve some sterility in the target population, but opposition of the villagers forced the 
trial to be discontinued before enough sterile males had been liberated. Accordingly, 
larger -scale trials with radiosterilized C. fatigans will be undertaken in India by the 
Research Unit on the Genetic Control of Culicine Mosquitos (IR -0529) recently established in 
Delhi. No additional funds are required for these investigations. A trial in Ceylon, to 

be supported by the IAEA, has been under consideration for some time. 

Experiments are also under way, particularly under the aegis of IAEA, utilizing radio - 
sterilized males of Triatoma in Venezuela and of Glossina morsitans in the Lake Kariba area. 
Methods for the necessary large -scale rearing are being perfected in three laboratories for 

G. morsitans and at Bristol for G. austeni, since at present it has not proved possible to 
rear sufficient numbers in laboratories close to the field release sites. 

3.1.2 Chemosterilized Males 

Following upon the success obtained with certain species of fruit -flies pretreated with 
chemosterilants before release, an experiment for the control of Culex fatigans was undertaken 
on Seahorse Key, Florida, in 1968. A mass -production of this mosquito was chemosterilized 
by allowing the adults to emerge through tubes coated with tepa, and by the fourth generation 
an 85 per cent, level of sterility had been achieved on the island. The experiment was 
repeated in 1969, this time chemosterilizing the pupae by means of Thiotepa, and within six 
generations (12 weeks) a complete disappearance of larvae on the island had been achieved. 
An extensive trial with chemosterilized C. fatigans is therefore planned for the Delhi area. 
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With houseflies, the principle of autochemosterilization has been utilized by exposing 
corn -meal baits containing tepa, metepa or apholate and thus allowing the flies to sterilize 
themselves. Very promising results were obtained in trials on garbage dumps in Florida, 
with almost complete sterility (and elimination) being obtained within about four months. 
But a more extensive experiment on a Caribbean island could not achieve eradication by means 
of chemosterilant baits, largely because there remained harborages for surviving flies such 
as house kitchens which were out of bounds to the use of baits. 

The principle of autochemosterilization could be applied to mosquitos once suitable 
traps and/or sufficiently powerful attractants have been discovered. A light trap has been 

devised which, baited with tepa, achieves 90 per cent, sterility of the male C. fatigans 
that pass through it, but its dependence on line electric power is a real handicap to its 
practical use. It is recommended that attention be paid at Delhi to autochemosterilization 
methods that are independent of line power, including the use of chemosterilant traps 
powered by batteries. 

Release of male flies sterilized by tepa on the Lipari islands off the Italian coast 
succeeded in reducing the fly population to a very low level. Chemosterilized males of tsetse - 
flies have also been investigated in the Lake Kariba area. 

3.2 Hybrid Sterility 

When two related species hybridize, the male offspring are usually sterile. Opportunity 
for the use of these sterile hybrids has been offered within the five species of the Anopheles 
gambiae complex. A field trial recently completed at Pala, Haute Volta, utilized the 
hybrid males from a Species B x A. melas cross, which were liberated to control a population 
of Species A. Unfortunately, only a small degree of sterility was achieved in the eggs 
appearing in the field, possibly due to the use of Species B rather than Species A as the 
origin of the hybrid males. 

Research Proposed 

It is recommended that a field trial be undertaken to determine the effectiveness of 
hybrid sterility as a means of controlling An. gambiae. This experiment could be undertaken 

by the WHO Anopheles Control Research Unit No. I located at Kaduna, Nigeria. Additional 
financial resources required are described in Section 5.1.1, page 15. 

3.3 Translocations 

Strains in which parts of chromosomes have been reciprocally translocated onto others 
have been investigated theoretically for tsetse -flies and in laboratory experiments in the 

case of houseflies. A single liberation of males of these translocated strains is expected 
to result in a partial sterility which if greater than 40 per cent, will continue to bring 
the surviving population down in every succeeding generation. Strains of Culex fatigans 
in which the chromosome I (which determines maleness) has been translocated on to an autosome, 
produce a sterility inherited through the males which, amounting to about 40 per cent. 
sterility, has eliminated target populations in the laboratory within eight generations. 
The advantage of the use of translocated strains is that it does not matter if the occasional 
female is liberated along with the males. Great stress will be placed by the WHO Research 
Unit in Delhi, India, IR -0529, on the field investigation of translocations to control 
C. fatigans. A translocation which causes 80 per cent, sterility is known in Aedes aegypti, 
and this or a similar strain should also be tested in the field. 

3.4 Cytoplasmic Incompatibility 

Within the Culex pipiens complex, of which C. fatigans is really a subspecies, there are 
populations which show cytoplasmic incompatibility one with another. It is found that the 
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egg cytoplasm of some strains causes the male pronucleus of some other strains to disintegrate 
before the fusion with the female pronucleus, necessary for fertilization, takes place. 

A strain was synthesized (the D2 strain, actually a Freetown- Fresno compound with Paris 
cytoplasm) with which the C. fatigans population of southern Burma was incompatible, and 
these Burma eggs inseminated by D2 sperm failed to hatch. The village of Okpo near Rangoon 
therefore was treated with the daily liberation of 5000 D2 males for a period of 12 weeks. 
This treatment so overcame the native males that by the end of the period all the egg -rafts 
laid in the village were sterile, and thus the Culex population was apparently eradicated. 

It is proposed to perform a feasibility study of this method on a large scale in the 
Delhi area. Calculations indicate that if a large city measuring 12 miles across were first 
treated with insecticide to reduce the Culex population down to 15 million, then a weekly 
liberation of 75 million cytoplasmically- incompatible males should achieve eradication within 
three months at a total production cost of $ 27 000. Exceptional care must be taken to cull 
every last female from the male liberation. 

The many different populations of the filariasis vector Aedes scutellaris frequently 
show cytoplasmic incompatibility between each other, Since this vector breeds in relatively 
inaccessible habitats difficult to treat with insecticides, it would be an excellent candi- 
date for genetical control. 

3.5 Other Possibilities 

Sex -ratio distorters are known in Aedes aegypti whereby a meiotic drive ensures that 
there is a great preponderance of male- producing gametes and thus very few females are 
produced. Possibly certain recessive lethal factors or sex -linked sterility factors can be 

coupled with a meiotic drive, and thus be able to sweep through a population after their 
initial introduction. 

It is anticipated that the WHO Research Unit at Delhi, India, IR -0529, will investigate 
any possible mechanisms which may exist for genetical control of Anopheles stephensi. Such 

investigations are especially necessary for A. albimanus, which is now so frequently resis- 
tant to organochlorine insecticides and occasionally to organophosphorus compounds. The 

possibility of genetic control of Ornithodoros tholozani, a vector of relapsing fever that 

usually occurs in small populations, should be tested on the sterile -male principle. The 
genetical control of Simulium would be very desirable, but cannot be investigated until the 
means of culturing these blackflies in the laboratory have been further developed. 

It is therefore evident that research into the genetic mechanisms that might be useful 
in control should be encouraged and supported in a number of laboratories. Before these 
mechanisms can be exploited in the field, development research should be undertaken on 
practical matters such as mass production of the insect concerned, the method and dosage of 
the sterilant to be employed, and the topographical pattern of field release necessary to 
ensure maximum effectiveness. 

As a general practice, wherever liberations are made for genetical control it would be 
advantageous if the strain employed was resistant to the insecticides being used in the area. 
In cases where eradication of a population might be achieved, thought should be given to 

replacing it (if necessary) with a strain or species that differs by not being a vector of 
the disease concerned. In this case, it is important that it shows incompatibility in both 
directions (both the reciprocal crosses) with the native species or population. An experi- 
ment to replace one species with another is to be attempted on an island in the Tuamotu 
archipelago of the Pacific by replacing the filariasis vector Aedes polynesiensis with the 
species A. albopictus which is not a vector of filariasis. No financial assistance from 
WHO will be required. 
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4. OTHER ALTERNATIVE METHODS OF CONTROL 

4.1 ' Attractants and Traps 

Attractants and traps have been widely used for the housefly, which is attracted to a 

wide variety of odours. Liquid molasses -type baits and solid cornmeal -type baits have been 
used to attract houseflies to be killed by malathion insecticide or sterilized by a chemo- 
sterilant. 

Mosquitos however do not respond to odours from large distances, and compounds attractive • 

to them in the laboratory (i.e. lysine, lactic acid for females, dioxane derivatives for 
males) have negligible power in the field. Some success has been obtained with ultraviolet - 
light or wingbeat -sound traps for males, but they require a source of line electric power. 
The same difficulty applies to modified light traps in which newly -hatched chicks are used as 
an attractant above the intake fan, which have proved quite highly attractive to female 
Culex mosquitos and Simulium blackflies. One trap requires no power and is effective to 
retain not the mosquitos but the eggs they lay; these are the ovitraps of the United States 
Public Health Service; black wide -mouth jars containing water and a tongue- depressor as an 

oviposition substrate. Originally they were baited with methyl butyrate, but later this was 

found to be redundant. It is proposed to investigate the effect of continuous removal of the 

eggs laid in a given area by means of exposing ovitraps in a circumscribed and, if possible, 
somewhat isolated area. The procedure would be employed only after the existing population 
had been greatly reduced by insecticidal or other source -reduction control. A protocol for 
this experiment has been drawn up by the Director of the Entomology Research Division, United 
States Department of Agriculture, the acknowledged world expert on the quantitative prognosis 
of the results of control operations. This experiment could be carried out against Aedes 
aegypti at the WHO East Africa Aedes Research Unit, Dar -es- Salaam, and possibly against 
Culex fatigans at the WHO Aedes Research Unit, Bangkok, in order to determine whether this 
method could be of value in an integrated programme in which a preliminary breeding -source 
reduction by other or conventional means had reduced the population to a low level. 

An alternative control method is to use selected natural breeding sites treated with 
larvicides, as death -traps to which an attractant has been added. Capric acid has proved 
useful against northern Aedes species; the products of its natural bacterial decomposition 
being highly attractive. Certain proteinaceous materials have proved very attractive to 
ovipositing females of several Culex species. The search for attractants, whether oviposi- 
tional or not, should be continued and encouraged, especially with a view to characterizing 
the sex attractants of mosquitos, houseflies and tsetse -flies. Those with an adequate 
range (distance) of action, while perhaps not being effective when used alone, could be very 
effective in conjunction with insecticides or chemosterilants, as work with fruit -flies in the 
agricultural field has shown. 

4.2 Hormones and Natural Products 

One of the objectives of research is to find natural products which may be substituted 
for the artificial synthetic insecticides. Recently great expectations have been raised by 
the identification of the chemical hormones which normally prevent insect larvae from metamor- 
phosing prematurely into adults. These juvenile hormones prove to be close relatives of 
the simple compound farnesol, and are now available commercially in reasonable quantities. 
At present however they require to be applied in very much higher dosage than conventional 
insecticides if they are to act on the larval insect. 

4.3 Environmental Sanitation 

It is obvious that as much attention should be paid to reducing the vectors at their 
source by means of sanitation measures as the economy allows. Proper management of waste 
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disposal, dairy farms, seed lots and poultry farms remains essential for housefly control. 
Heavy infestations of Culex fatigans follow inadequacies in surface water drainage in 

towns, while Culex tritaeniorhynchus and other encephalitis vectors multiply where irriga- 

tion and rice -field waters are allowed to accumulate for any length of time. Domestic 

infestations of Aedes aegypti are frequently eliminated upon the installation of a piped 

water supply. 

Environmental sanitation should be accompanied by and proceed from a proper topographical 

knowledge of the area, to the extent that all breeding sites of vectors are mapped. In the 

case of mosquitos, not only drainage but also shore -line clearance and deepening represent 
continuing activities for permanent abatement, while elimination of aquatic vegetation is 

especially necessary where filariasis is transmitted by Mansonia mosquitos. On the other 

hand, the planting of larvicidal aquatic plants such as Utricularia may have a place in 

mosquito abatement. It is also important to note that the mucilaginous seeds of certain 
cruciferous plants can destroy larvae by entrapping their mouth -parts, and field trials will 

be performed with them by the University of California, Riverside, in the coming year. 

4.4 Integrated Control 

The replacement of chemical control by alternative methods would involve the substitution 

of a single, comparatively simple, procedure by multiple procedures each demanding considerable 
expertise. Among the alternative methods discussed, there are very few which are likely to 

be effective on their own, and almost none which would be equally effective over the entire 

range of the vectors. Thus it is necessary to contemplate using them in pairs or in systems, 

where advantage is taken of the particular properties of each. For example, genetical 

control gives the best results only when the initial population is low, as could obtain 

after an initial application of insecticide. At this point the genetical method has a 

chance of achieving what insecticides cannot do, namely eliminating the last surviving 

insects. The use of oviposition traps is more suited to maintain a low infestation rate 

once produced than to achieve it in the first place. Even fish sometimes need assistance 

from chemicals to keep them at a favourable ratio to their prey. Therefore in contemplating 

alternative methods it is necessary to think in terms of integrated control, wherein the use 

of insecticides must certainly retain a place. 

The objective is to progressively reduce the use of persistent insecticides, especially 
the organochlorines that can accumulate in the tissues of humans and wildlife. The sub- 

stitution of the organophosphorus and carbamate insecticides is a step in the right direction, 

but their purchase price is still comparatively high. Therefore these chemicals should be 

progressively replaced wherever possible in time and place by these alternative methods, 

based on biological, genetical, naturalistic and environmental procedures. Instead of 

a simple recipe for chemical control, each vector -infested district must have an inclusive 

working plan and a system for surveillance and maintenance of records and maps, which in 

turn presuppose a permanent staff and headquarters. Vector control must evolve from the 

simple and unskilled to the multiple and specialized; the present task is to accelerate 

this process of evolution in the methods of combatting insect vectors of human disease. 

5. FINANCIAL IMPLICATIONS OF THE PROGRAMME PROPOSED ON BIOLOGICAL CONTROL 

The programme in the preceding pages can be performed by (a) providing the existing 

WHO vector control research units with additional resources; (b) providing financial 

support to certain universities and research laboratories to perform basic studies to 

support this work and (c) providing specialized consultant services in certain situations. 

The estimated costs are for the first year of a contemplated four -year programme. 
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5.1 WHO Vector Control Research Units 

5.1.1 Anopheles Control Research Unit No. I situated at Kaduna, Nigeria (IR -0270) 

This Unit would be in a position to undertake work on: 

Studies on the effect of larvivorous fish to control An. gambiae and An. funestus (8eotion 
2.10, page 8). 

Studies on the effectiveness of hybrid sterility to control An. gambiae (Section 3.2, 
page 11). 

Studies on the effectiveness of the nematode Romanomermis against An. gambiae and 
An. funestus (Section 2.3, p4ge 4). 

To undertake these experiments this Unit would require the following resources in 
addition to those currently at its disposal: 

1 Entomologist/Geneticist P.3 $ 17 500 
1 Entomologist/Ecologist P.3 $ 17 500 

35 000 
Less delays in filling new 

posts $ 10 600 

$ 24 400 
Supplies and equipment $ 7 200 
Operating expenses $ 5 400 
Four consultant months $ 7 200 

Total $ 44 200 

Provision should be made for; the continutation of the work for a period of five years. 

5.1.2 Aedes Research Unit, situated at Bangkok, Thailand (IR- 0306). 

This Unit would be able to undertake the following: 

Studies on the effectiveness of the mermithid nematode Romanomermis to control Culex 
fatigans (Section 2.3, page 4). 

Studies on the effectiveness of Bacillus ВА -068 against Culex fatigans (Section 2.6, 
page 6), 

To undertake this work this Unit would require the following resources in addition to 
those currently at its disposal: 

1 Entomologist /Ecologist P.3 $ 18 000 
Less delay in filling new post $ 5 500 

Supplies and equipment 
Operating costs 
Two consultant months 

Total 

$ 12 500 

$ 4 200 
$ 2 400 

$ 3 600 

$ 22 700 

Provision should be made for the continuation of the work for a period of five years. 
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5.1.3 East Africa Aedes. Research Unit, situated at Dar -es- Salaam, Tanzania (IR -0528) 

This Unit would be in a position to undertake the following: 

Studies on the ability of Toxorhynchites to control Ae. aegypti (Section 2.1.1, page 2). 

To undertake this work the Unit would require the following resources in addition to 

those currently at its disposal: 

1 Entomologist /Ecologist P.3 $ 17 100 

Less delay in filling new post $ 5 100 

Supplies and equipment 
Operating costs 
Two consultant months 

Total 

$ 12 000 
$ 4 200 

$ 2 400 
$ 3 600 

$ 22 200 

Provision should be made for the continuation of the work for a period of five years. 

5.1.4 Japanese Encephalitis Vector Research Unit, situated at Seoul, Korea /Taipei, Taiwan 

(IR -0577) 

This Unit would be in a position to undertake the following: 

Studies on the ability of larvivorous fish to control the mosquito vector C. tritaeniorhyn- 
chus (Section 2.10, page 8). 

To undertake these experiments the Unit will require the following resources in addition 
to those currently at its disposal: 

1 Entomologist /Ecologist P.3 $ 16 300 

Less delay in filling new post $ 4 900 

Supplies and equipment 
Operating costs 
Two consultant months 

Total 

$ 11 400 

$ 4 200 

$ 2 400 

$ З 600 

$ 21 600 

Provision should be made for the continuation of the work for a period of five years. 

5.1.5 Travel 

Travel for WHO Staff in respect to implementing studies at the above four research 

units. $ 2 500 

5.2 Consultants 

Six consultant months would be required to undertake the following in 
the first year: $ 10 800 
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5.2.1 Two consultant months: 

(i) To visit the Tokelau Islands to determine the effect of the introduction 
of Coelomomyces carried out in 1958. (Section 2.4.1, page 5). 

(ii) To visit the island of Nauru to assess the long -term effect of the introduction 
of the microsporidian P. culicis (Section 2.5, page 9) and the nemotode Romanomermis 
(Section 2.3, page 4)• 

5.2.2 Two consultant months to investigate the distribution and availability of the 

Coelomomyces fungi in East and West Africa (Section 2.4.1, page 5). 

5.2.3 Two consultant months to investigate the distribution and availability of 
different larvivorous fish in the Western Pacific and African regions (Section 2.10, page 8). 

Six consultant months would be required in each successive year to carry out further 
specialized studies. 

5.3 Assistance to Research and other Technical Services 

It is recommended that financial support be given to research laboratories or universities 
to undertake the following: 

5.3.1 Development of production methods for T. brevipalpis and other Toxorhynchites in the 
laboratory and the field (Section 2.1.1, page 2). 

5.3.2 Studies on the use of parasitic wasps for the control of houseflies (Section 2.2, 
page 3). 

5.3.3 Study of biological control agents of Triatoma in Asia (Section 2.2, page 3). 

5.3.4 The large -scale culture of Romanomermis nematodes for distribution as eggs for 
mosquito larvae control (Section 2.3, page 4). 

5.3.5 Development of methods for producing Coelomomyces and obtaining infections with 
it (Section 2.4.1, page 5). 

5.3.6 Investigation of the infection process of Coelomomyces and the development of field 
trials with spore suspensions (Section 2.4.1, page 5). 

5.3.7 Investigations on the control possibilities of microfauna on anopheline larvae 
(Section 2.5, page 6). 

5.3.8 Investigations on the field control effect of microsporidiae on blackfly larvae 
(Section 2.5, page 6). 

5.3.9 Development of culture methods for the ВА -068 Bacillus (Section 2.6, page 6). 

5.3.10 Studies of iridescent viruses for the control of blackfly larvae (Section 2.7, 
page 7)..: 

5.3.11 Studies of iridescent and other viruses for the control of mosquitos (Section 2.7, 
page 7)• 

5.3.12 Training facilities to be provided by the WHO International Reference Centre at Ohio 
(Section 2.8, page 7D. 

5.3.13 Studies on the possible hazards to mammals of organisms considered for biological 
control (Section 2.9, page �:). 
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5.3.14 Studies on the. choice of species and strains of fish suitable for mosquito 
control in tropical countries (Section 2.10, page 8). 

Total cost: $ 50 000 

SUMMARY 

Cost to implement these studies for the first year are: 

1. Additional support to existing WHO Research Units: $ 110 700 

2. Travel (WHO Staff) $ 2 500 

3. Consultants - six months $ 10 800 

4. Assistance to Research and other Technical Services $ 50 000 

Total $ 174 000 

For the programme to be effective plans should be made to provide support for a 

minimum of five years. Costs for full operation for the second and subsequent years would 
be somewhat higher when posts are filled for the full year. 


