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THE PLACE OF DDT IN OPERATIONS AGAINST MALARIA 
AND OTHER VECTOR-BORNE DISEASES 

INTRODUCTION 

The intense awareness of the public in respect to pollution of the environment and the 
adverse view of DDT as one of the pollutants has come at a time when this insecticide is still 
needed to control certain insect-borne diseases, particularly malaria. 

The problem has given rise to much controversy and even emotion. On the one hand there 
is the indictment of DDT as a danger to certain forms of wild life and as a potential hazard 
to humans. On the other, recent events in India and Ceylon have shown how serious the 
recrudescence of malaria can be where DDT is locally unavailable or is not being applied at 
the appropriate time. 

Action in 1969 by the Scandinavian countries, the United States and Canada to place 
severe restrictions on the use of DDT has been a matter of concern to a number of governments 
of developing countries. This concern is reflected in a resolution of the twenty-second 
meeting of the WHO Regional Committee for South—East Asia in 1969 and another by the Twenty-
third World Health Assembly in 1970 urging countries manufacturing insecticides to continue 
making them available to developing countries for malaria control or eradication.1 

It has therefore become important that an objective review of the issues involved be 
carried out, that the calculated risks in the continued use of DDT in certain public health 
programmes be evaluated as systematically as possible, and that opportunities of reducing the 
input of DDT in the environment be pursued. In doing this it is necessary to bear in mind 
that operations against vector-borne diseases, particularly malaria, must be continued by 
some method that is within the financial means and the logistical ability of countries in the 
tropics• 

1. The use of DDT in Public Health 
Г:.•’ 'J ' 

In public health practiqe insecticides are essential in the control of vector-borne 
diseases. In respect to possible environmental contamination those diseases which can be 
controlled by indoor application of insecticides, i.e. such as malaria, Chagas' disease, 
plague and typhus should be considered separately from those controlled through the employ-
ment of insecticides either peridomestically or by application in the open coutryside, such as 
yellow fever, dengue/haemorrhagic fever, encephalitis, filariasis, African trypanosomiasis, 
onchocerciasis, leishmaniasis, etc. 

In the past DDT has been the principal insecticide employed in the control of most of 
these diseases. However, except for malaria and African trypanosomiasis, suitable alterna-
tives are becoming available. Hence the quantity of DDT used in public health programmes 
has passed its peak. Currently some 15% to 20% of the annual DDT world production of 
between 200 000 and 250 000 metric tons is destined for the control of vectors of human 
disease, mainly, as will be seen below, for the control of the anopheline vectors of malaria 
in the global eradication programme. 

At its peak the global malaria eradication programme utilized about 60 000 tons of 
technical DDT a year, and approximately 35 000 tons per year are still used in these pro-
grammes. The development of resistance to DDT by some of the anopheline mosquito vectors 
in certain areas of the world has already necessitated a shift to alternative insecticide 
compounds, but these areas represent only about 1% of the total area covered by malaria 
eradication programmes; the remainder of these programmes still utilize DDT for the most part. 

1 Resolution WHA23.12. 
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At one time the second most important use of DDT was in the control of culicine mosquitos, 
mainly the vectors of filariasis and viral encephalitis and aedine vectors of yellow fever and 
dengue/haemorrhagic fever. Considerable quantities were also used in the control of pest 
mosquitos. However, as the development of DDT resistance has become widespread among many 
species, the use of this insecticide has steadily declined. Effective alternative larvicides 
and imagicides are available and widely used. 

The control of the tsetse fly vectors of human and animal trypanosomiasis which infest 
vast tracts of áfrica is mainly dependent on insecticides, about 60 tons of which are used a 
year, DDT is the most widely used compound, followed by dieldrin; both are selectively sprayed 
on those areas of vegetation where tsetse are likely to rest, Because of the low cost of DDT 
and the fact that no resistance to it has appeared in any Glossina species there has been 
little stimulus for field trials of alternative compounds and it is recognized that these are 
urgently needed. 

Programmes for controlling the blackfly vectors of onchocerciasis, carried out along 
many thousands of kilometres of rivers in tropical Africa and also in the foci of the disease 
in the Americas, are aimed at the destruction of the Simulium larvae breeding in the water 
courses. This is achieved by applying DDT to the rivers and streams several times a year, 
with a resultant accumulation of the insecticide in the aquatic biotope, particularly in man-
made lakes behind dams. Recent operational research has shown that DDT can be effectively 
replaced by methoxychlor which is much more rapidly biodegradable; furthermore, by using air-
craft the larvicide may be applied directly to larval habitats thereby eliminating the need for 
the insecticide to "carry’’ for a long distance, hence reducing further the quantity of 
insecticide required. 

DDT dusts were once widely used for the control of the rat flea, the vector of plague, 
and of murine typhus, and for the control of the body louse, the vector of epidemic typhus and 
epidemic relapsing fever. However, DDT resistance is now widespread among rat flea populations 
and organophosphorus insecticides have replaced DDT for the control of this vector in plague 
foci such as in Viet-Nam. Lindane, malathion and carbaryl dust are replacing DDT for use 
against body lice. 

Little or no use is made of DDT against reduviid vectors of Chagas1 disease, cockroaches, 
bed-bugs or ticks. Though highly effective against sandflies, vectors of leishmaniasis, 
virtually no programmes exist specifically against these flies. DDT is no longer used against 
houseflies due to the almost universal development of DDT resistance in this species. 

In summary, except for the control of malaria (and to some extent African trypanosomiasis), 
the use of DDT is already on the wane. As the global malaria eradication programme advances 
towards its objective, the total quantity of DDT required should steadily diminish. However, 
for the present, no economic alternative to DDT is available and the epidemiological, 
operational and financial consequences of the withdrawal of DDT would be very grave• 

1•1 The World Malaria Programme 

Within the total health picture in the developing countries of the world, the position 
occupied in their contribution to ill health by the multitude of communicable diseases is 
most striking - particularly the gastrointestinal infections and the vector-borne diseases. 
Both these disease groups are intimately related to the local environment. However, a 
significant improvement of environment is so costly as to be out of the financial reach of most 
of the developing countries, where ill health and poverty form a vicious circle. The only 
financially feasible, immediately available alternatives for good sanitation in these countries 
are insecticides, and in some cases immunization. Among the vector-borne diseases, malaria 
occupies the highest position - notorious for the extraordinary amount of mortality and 
morbidity that it causes. 



The advent of residual insecticides, predominantly DDT, in vector control during the 
post-war period has been the most important single factor that has made it possible to 
eradicate malaria from large parts of the world. Prior to this period effective control 
of malaria was feasible only in limited areas of population concentration and economic 
importance where vector control, through engineering or through repetitive anti-
mosquito measures, could be supported on economic grounds. 

Table 1, which shows the comparison numerically of the population of the malarious areas 
of the world in the various phases of eradication, indicates the progress made during the 
last 12 years, e.g. between 1959 and 1970. From this table it is clear that over 
1 000 million people have been freed from the risk of malaria. 

In temperate areas which coincide with the more developed countries, malaria is no 
longer a problem largely because of DDT, but much still remains to be done in the tropics. 
In those tropical areas, except in the continent of Africa where a more gradual approach 
through malaria control rather than malaria eradication is being made, national malaria 
eradication programmes are in operation in the Americas and in the majority of countries 
in Asia. Of the 124 countries and territories in the tropics with a population of 1724 
million, where malaria has existed, in 19 (37 million people) the disease has been eradicated 
throughout the whole area and 48 national malaria eradication programmes are in operation in 
countries with 1230 million population. Of the remaining 57 countries, extensive control 
operations are being carried out in 37 (412 million people). In the other 20 (16 of them 
in Africa) with 45 million people, an approach through control rather than eradication is 
envisaged• 

The effects of controlling or eradicating malaria, which has been done basically through 
DDT, consist of specific health benefits occurring in relation to malaria morbidity and mort-
ality which are relatively easy to demonstrate and those related to the general health or the 
population and the social and economic gains which are much more difficult to assess. 

The effect on the health of the population may be demonstrated by the striking 
reduction in the malaria morbidity figures reported from a number of countries where malaria 
eradication has succeeded or is proceeding satisfactorily, as shown in Table 2. 

Even in the most difficult situations, the incidence of malaria has been reduced through 
the use of residual insecticides and the effects of the disease counteracted. This may be 
illustrated from the experience in various pilot projects in Africa (Table 3). 

Many examples could be taken to show the impact of these operations on the general health 
of the countries, though there are well-known imperfections in the collection of data. Of 
these, data from Ceylon, Mauritius and Venezuela may be of interest. 

In Ceylon, following the introduction of a country-wide DDT spraying campaign, the 
number of malaria cases dropped from 2.8 million in 1946 to 110 in 1961. Deaths from malaria 
dropped from 12 587 to zero in the same period. The general death rate fell from 20.3 to 8.6 
per thousand and the general infant mortality rate from 141 to 57 per thousand in the same 
period. In Mauritius in similar circumstances the .number of deaths ascribed to malaria fell 
from 1589 in 1948 to three in 1955. The general death rate fell from 23.8 to 12.9 per thousand 
and the general infant mortality rate fell from 186 to 67 in the same period. In 
Venezuela the number of persons receiving treatment for malaria fell from 817 115 to 800 in 
1958. 

To the social gains which are derived from an 
be added the ample economic benefits both of which 
campaigns, though the means of assessing these are 

improvement of health conditions needs to 
have justified investment in antimalaria 
as yet far from perfect. 



The improvement in health occasioned by antimalaria campaigns has broken the vicious 
circle of poverty and disease in many areas by preventing incapacity and death due to 
malaria and reducing the high socio-economic cost of treatment and medical care. It has 
contributed to the increased production of rice - for example, in the Philippines, Thailand 
and Venezuela - by an increase in the work output of the labour force. In many previously 
virgin areas, it has allowed vast areas of land to be opened up for agricultural production 
- a s in the Terain of India and Nepal and in Central Taiwan - and augmented land value in 
areas where only subsistance level agriculture could previously be sustained - as in 
Kunduz in Afganistan, Cham in Cambodia, or Mindanao in the Philippines. 

In a recent study on the economic implications of malaria eradication in Syria, the 
economist1 s report points out that if malaria had continued to prevail as it had in the 
early 1950*s, it would have frustrated the entire development effort of the country during 
the past decade, by reducing the effective labour supply through loss of work days, loss 
of efficiency and also perhaps through higher death rates. 

1.2 Effects of DDT on man and wildlife 

1.2.1 Safety of DDT to man , 

The safety record of DDT for man is truly remarkable. At the height of its 
production over 400 000 tons per year were used for agriculture, forestry, public health 
and other purposes, all involving some human contact. For typhus control, whole popu-
lations have had 10% DDT powder blow into their clothing as they wore it. For malaria 
control, millions of men, women and children have had the interior walls of their homes 
sprayed year after year; in some places for more than 20 years. For ccxitrol of yellow 
fever, DDT has been added directly to drinking water. For food protection, many plants 
and animals eaten by man have been sprayed with this insecticide• 

Yet, in spite of the prolonged exposure of the population of the world and the heavy 
occupational exposure of a substantial number of people, the only confirmed cases of injury 
have been the result of massive accidental or suicidal ingestion. 

Dosages of DDT hundreds of times greater than those encountered by the general popu-
lation have been tolerated by volunteers for more than a year and by workers for as long 
as DDT-factories have existed, that is for about one-fourth of the human life-span 
(see Table 4). Over 150 persons with heavy, prolonged occupational exposure to DDT have 
been exhaustively studied medically, without any related findings except those that could 
be predicted; that is - increased storage and excretion of DDT and its metabolites and a 
mild stimulation of the microsomal enzymes of the liver. Storage of DDT in heavily 
exposed workers is about 40 times greater than that in the general population, reflecting 
(because of increased excretion at higher intakes) something over 500 times greater dosages. 

Those who oppose the use of DDT suggest that it may present a hazard as a carcinogen 
and a mutagen. The experimental evidence in rodents that DDT, even in massive doses, 
has such effects is inconsistent; in the light of.the health record of the people most 
heavily exposed to it, there is no reason to believe that the millions of people 
protected against vector-borne diseases are at any risk from their small exposure to DDT. 

1.2.2 Hazards of DDT to wildlife 

It is believed that the presence of DDT in the environment during the past 25 years 
has produced two especially serious effects. The first is the reduction and contamination 
of fishery products from streams, lakes and offshore areas. The second is the pro-
gressive extermination of certain species of predatory birds. 



DDT has long been known to kill aquatic crustaceans at extremely low concentrations, 
fish at higher concentrations and terrestrial vertebrates at relatively high dosages. In 
addition, the progressive accumulation of DDT in fish can cause the failure of their 
embryos to survive. Accumulation of DDT in the food-chain has proved to be more important 
than direct kill. Birds towards the summit of the food-chain, such as those preying on 
fish and on birds, have suffered grieviously from this cause. 

From the standpoint of nature conservancy, the problem has now become acute in that 
certain hawks and eagles have been observed to be progressively disappearing in North 
America and Europe, and this has been found to derive largely from the inability of their 
eggs to hatch. This hatching failure has been correlated with a thinning of the egg 
shell which in turn has been correlated with the egg content of DDE, a principal metabolite 
of DDT that is even more stable than its parent compound. 

The apparent contradiction between the adverse reaction produced by DDT on some forms 
of wildlife and its harmlessness to man is not accounted for by any immunity of man to DDT. 
It is partly explained by the fact that human intake of DDT is maintained at much lower 
levels than those experienced by predatory birds and some animals, and partly by the 
existence of species differences. 

1•3 Assessment of environmental contamination from the use of DDT in antimalarial 
operations 

Whereas damage to wildlife has sometimes followed the application of DDT in agricultural 
and forestry practice, the same risks do not now accompany the use of DDT in antimalaria 
operations. Since the vast majority of the DDT used in the control of malaria is applied as 
a residual spray indoors, only a small fraction of the insecticide is likely to involve any 
direct contamination of the environment. This however may take place during the process of 
spraying the houses with DDT, when a certain amount of contamination of the floor and 
immediately surrounding soil outside does take place. Some measurements have indicated that 
about 6% of the spray is deposited on the floor inside and some 2% on the outside soil around 
the houses. The deposit outside houses, if calculated for rural areas with an average of 
100 inhabitants per square km, as in parts of tropical Africa, would amount to a DDT input of 
10 g per hectare; it will be seen that this is 200 times less than a standard DDT application 
of 2 kg per hectare as employed on cotton crops. Moreover, whereas only one or two applications 
are made to houses per year, multiple applications are made to cotton during its growing 
season. The DDT sprayed on the inside walls and falling to the floor is held by those 
surfaces. Hence, provided the insecticide is used indoors as in the cast of antimalaria 
operation, it would appear that there is little possibility of the insecticide contaminating 
the surrounding local vegetation and water sources that would endanger wildlife. 

1•4 Prevention of environmental contamination from DDT 

As regards vector control in general, the use of DDT in outdoor locations should be 
reduced to the minimum, reserving its recommended use only to the application of indoor residual 
spraying against malaria mosquitos, indoor dusting against plague fleas, and dusting powders 
against typhus lice. DDT should not be applied to water surfaces, nor in broadcast aerial 
application. Special care should be taken when spraying houses built on stilts over water. 
Advantage should immediately be taken of the substitute insecticides available for blackfly 
control, and biogradable substitutes for DDT and dieldrin for tsetse control should be urgently 
investigated. It is thus hoped to eliminate the applications of DDT for vector control in 
the outdoor environment in the near future. The strenuous efforts to eliminate the outdoor 
use of DDT for vector control will however, have small effect unless a similar effort is made 
in agriculture. However, agricultural application continues to create problems in respect of 
DDT-resistance of the malaria vector mosquito, which jeopardize control of this disease through 
indoor spraying. 



Al though the level of environmental contamination brought about by indoor residual spraying 
is already low, efforts should be intensified to reduce the level even lower. 

Investigations should be initiated to ascertain the degree, however, small of spread of 
DDT contamination from antimalai*ia operations into the soil, and thence into the waters and 
the atmosphere. Assessments should be made of DDT residues in the common indicator organisms 
in soil and water, and in domestic and wild birds, particularly in the eggs of flesh-eating 
species. Such a study should be made in an area where DDT has not been applied in agriculture. 
This research could at the same time reveal critical points which could be remedied and thus 
indicate a better DDT management in antimalaria operations which could be promoted by training. 

2. The alternatives to DDT 

2.1 Alternative insecticides 

Since 1960, more than 1400 new insecticidal compounds have been tested by WHO for their 
suitability for vector control, some of which could be selected as alternatives for DDT. 

While most other vector control operations can be carried out with less persistent com-
pounds applied at low dosages, malaria control requires residual insecticides with a long 
period of efficacy and applied at relatively high dosages. 

2.1.1 Control of anophelines in houses 

Of the few insecticides sufficiently effective and safe for large-scale use, at present 
only two, namely malathion (OMS-l) and propozur (OMS-33) can be recommended as replacements 
for DDT. However, four additional insecticides, namely fenitrothion, (OMS-43), landrin 
(OMS-597), phenthoate (0MS-1075) and iodofenphos (OMS-1211) have reached advanced stages of 
evaluation. All of these insecticides are considerably more biogradable than DDT and are 
considered unlikely to cause problems in the environment. Not all of the organochlorine 
compounds are incriminated with DDT in this respect； lindane is one of these exceptions. 
However, this insecticide has limited use for control of anophelines, since in many parts of 
the world actual or potential resistance to it exists. 

The two currently available substitutes for DDT in residual house spraying have not been 
used extensively, due principally to the increased cost and other factors as will be described 
below (see page 

2.1.2 Control of other vectors 

For culicine mosquitos, several organophosphorus compounds are now recommended, particularly 
fenthion and Dursban as larvicides for Culex fatigans, Abate as a larvicide for Aedes and Culex. 
For the control of Simulium larvae not only methoxychlor but also Abate, Dursban and carbaryl 
offer promise. For tsetse control, there is a need for operational testing of residual 
organophosphorus compounds as substitutes for DDT and dieldrin. For plague fleas, diazinon 
and malathion are available and are already in use in areas of DDT resistance; effective 
substitutes are also available for louse control. Phlebotomus may be expected to be suscep-
tible to any of the alternative insecticides that may be used in malaria control. 

2.2 Alternative methods 

The objective of these methods is to reduce the density of the vector or perhaps eradicate 
it. Many of them are unlikely to be as effective and decisive as chemicals applied in the 
same situations. However, it is possible that with certain vectors the effect may be suffi-
cient to stop the transmission of the disease. 



In rural areas of developing tropical countries, environmental control methods can only 
be used in special circumstances. Biological and genetical methods will take a long time 
to develop and in most cases will require greater skill and training than exists at present 
among vector-control personnel. 

Of the biological methods now available, those showing promise of usefulness are based on 
larvivorous fish such as Gambusia and Poecilia, which have given good results against anopheline 
mosquitos in some areas of Yugoslavia, Iran, Greece, and the United States of America 
(California and Hawaii)； these are being further developed under WHO auspices. Other bio-
logical agents to be investigated further by WHO-supported research are parasitic nematodes 
and predacious mosquito larvae for the near future, and fungi, bacteria and viruses for the 
more distant future, 

Genetical methods show some promise not only for control but also for vector eradication. 
Apparently complete elimination of populations of Culex fatigans have been achieved experi-
mentally not only with males cytoplasmically incompatible with the target population, but 
also with males treated with a chemosterilant. In addition, radiosterilized males, sterile 
males produced by hybridizing closely-related species, and strains showing chromosonal 
translocations, have opened real possibilities for genetical control of vector species. 
These are being actively explored through WHO support, particularly in the Unit for Genetical 
Control of Vectors recently established in New Delhi, India. However, these possibilities 
are for the very distant future, and have no operational significance at the moment. 

2.3 Hazards from alternative materials 

2.3.1 Insecticides 

Spraymen working inside houses inevitably experience a significant exposure to the insec-
ticide, and hence the use of materials more acutely toxic than DDT creates problems. 

Several organophosphorus and carbamate insecticides can be safely applied indoors. 
However, under certain circumstances some have produced acute symptoms in spraymen. Though 
not lethal, such effects, if widespread, would seriously interfere with the successful execution 
of a control programme. While malathion has been safely used in several field operations, 
the margin of safety with other anticholinesterase insecticides is known to be smaller. Thus 
more elaborate safeguards will be needed to protect the spraymen when a control programme 
depends upon the use of some of the effective substitutes for DDT. 

2.3.2 Biological agents 

Microsporidea, fungi and bacteria which may be effective in controlling mosquitos are not 
necessarily innocuous to people. While direct pathogenicity is improbable, such organisms 
could secrete toxic metabolites into the media in which they multiply. Their widespread use 
could not be undertaken before proper studies have been made to exclude such possibilities. 

Our limited knowledge of the potential harmful capacities of viruses suggests the need 
for great caution in the deliberate introduction of new ones into the human environment. 

3. Consequences of withdrawal of DDT 

3.1 Problems involved in replacing DDT in antimalaria operations 

To adopt one of the currently available alternative insecticides would incur considerably 
higher costs and require extensive changes in organization, personnel and logistics. 



The higher costs are due to the price of the available alternative insecticides, their 
shorter duration of residual effect which necessitates more frequent application, and the 
increased cost of transportation arising as a consequence of the lower concentration of active 
ingredients in the formulation. 

The personnel, organizational and logistic changes required when insecticides with higher 
toxicity risks are used include the need for direct medical supervision in the field, the use 
of protective equipment, strengthening of supervision, the adherence of staff and inhabitants 
to recommended safety instructions, and more intense and frequent training, all of which will 
contribute considerably to the greater cost of field operations. Table 5 shows that the 
estimated increased operational cost in replacing DDT by malathion or propoxur would be three 
times or eight times respectively. 

On a global basis the replacement of the DDT in the malaria eradication programme may 
increase the present cost of spraying operations, estimated to be US$ 60 million, to reach 
approximately US$ 184 million if malathion were substituted, and US$ 510 million if propoxur 
were to replace DDT. Should the replacement of DDT be attempted on a global basis in the 
malaria eradication programme, the present production of the alternative insecticides would be 
unable to meet the needs, , 

3.2 Effect on public health 

The fact that today over 1000 million population are living in areas freed from endemic 
malaria, and a further 329 million are protected through malaria control or eradication opera-
tions based on the use of DDT, is an achievement unparalleled in the annals of public health. 
However, it is abundantly clear that the maintenance of this achievement and the extension oí 
this essential health service to the still unprotected population in other tropical areas of 
the world is dependent on the continued availability of DDT. 

The recent experience in a number of countries which have faced serious setbacks to their 
malaria eradication programmes should serve as a pointer as to what will happen if, in areas 
from which malaria has previously been cleared, prompt action for eliminating new foci of 
transmission by DDT house-spraying is not undertaken. Ceylon, where malaria had been reduced 
to very low levels, is now facing an epidemic of malaria with a total of over 2.5 million cases 
already reported during the two years 1968 and 1969. In India, areas with a population of 
over 90 million from which transmission had been cleared, house-spraying had to be reintroduced 
due to the resurgence of transmission. It is clear that even temporary non-availability of 
DDT for malaria control can seriously jeopardize the gains achieved at such great cost over the 
past years. 

If in these areas where routine house-spraying to interrupt transmission is in progress 
(comprising 329 million people) the operations have to be discontinued due to non-availability 
of DDT, transmission of malaria will be resumed and, in the absence of DDT, would not be quickly 
terminated and would spread to areas already freed from the disease. 

It is obvious therefore that the withdrawal of DDT would indeed be a major tragedy in the 
chapter of human health. Vast populations in the malarious areas of the world would be 
condemned to the frightening ravages of endemic and epidemic malaria. 

CONCLUSIONS 

]_• Indoor spraying of DDT in routine antimalaria operations does not involve a significant 
risk to man or to wildlife. The withdrawal of DDT from the malaria programmes would be 
fraught with great danger and is unjustifiable in the light of present knowledge. The 
Organization should do everything in its power to ensure that DDT remains available for this 
purpose. 



2. The outdoor use of DDT should be avoided 

3, Further research is needed on substitute 
and tsetse control. 

as far as possible. 

insecticides and methods, especially for Simulium 

TABLE 1. STATUS OF THE PROGRAMME IN 1959 AND IN 1970 

1959 1970 

Population 
in millions 

Percentage of 
total 

population 
Population 
in millions 

Percentage of 
total 

population 

Maintenance phase (disease 
reported as eradicated) 279 21.5 710 39.4 

(of which lived in 
tropical areas) (22) - (361) -

Consolidation phase 
(freed from endemic 
malaria) 55 4.2 296 16.4 

Attack phase (protected 
through spraying 
operations) 505 38.9 329 18.3 

839 64.6 1 335 74.1 

Not yet protected by 
eradication operations 459 35.4 467 25.9 
(figures include the 
population in areas in 
the preparatory phase 
of malaria eradication 
programmes and that 
where extensive malaria 
control operations are 
being undertaken) 

* Total population 1 298 100 1 802 100 

Excluding China (mainland), North Korea and North Viet-Nam. 



EB47/wPy 
page 11 

TABLE 2. CHANGES IN MALARIA MORBIDITY IN COUNTRIES BEFORE AND 
AFTER MALARIA HAS BEEN CONTROLLED OR ERADICATED 

AFRICA Mauritius 1948 46 395 cases* 
1969 17 cases 

AMERICA Cuba 1962 3 519 cases 
1969 3 cases 

Dominica 1950 1 825 i cases 
1969 Nil 

Dominican Republic 1950 17 310 cases ！ 

1968 21 cases 
Grenada and Carriacou 1951 3 233 cases 

1969 Nil 

Í Jamaica 1954 4 417 cases 
！ i 1969 Nil 
1 Trinidad and Tobago 1950 5 098 cases 

1969 5 cases 

i Venezuela 1943 817 115 i cases 
1958 800 cases 

；ASIA China (Taiwan) 1945 over 1 ООО ООО cases 
1 1969 9 cases ！ 
； 

India 1935 over 1 ООО ООО cases 
1969 286 962 cases ！ 

Turkey 1950 1 188 969 cases 

i 
1969 2 173 cases 

i [EUROPE Bulgaria 1946 144 631 
i 

cases,； 
* ！ 

i 1969 10 cases ] 

i Italy 1945 411 602 cases ! 
1968 37 cases 

Romania 1948 338 198 cases * 
1969 4 cases 

Spain 1950 19 644 cases^ * 
1969 28 cases 

Yugoslavia 1937 169 545 cases * 1969 15 cases 

Imported or induced cases• 



TABLE 3. EXAMPLES OF THE IMPACT OF HOUSE SPRAYING ON THE LEVEL OF MALARIA ENDEMIC ITY IN AFRICA 

Countries 
Type of 

terrain and 
endemicity 

Insecticide 
and dosage 

• ••• 

Number of annual 
cycles and 

number of years 
of spraying 

Pre-operational 
parasite rate 

Post-operational 
parasite rate 

Countries 
Type of 

terrain and 
endemicity 

Insecticide 
and dosage 

• ••• 

Number of annual 
cycles and 

number of years 
of spraying Age-group 

years % Age-group 
years % 

Nigeria 
(Western 
Sokoto) 
(1953-59) 

Savannah 
holo-endemic 

DDT 
(2 g/m ) 

2 x 4 0-1 
1-2 
3-4 
5-7 

79.5 
97.5 
98.8 
86.2 

0-1 
1-2 
3-4 
5-7 

1.0 
21.0 
17.0 
46.0 

Malaria Control 

Southern 
Cameroon 
(1957) 

Forest 
hyperendemic 

DDT 
(2 g/m ) 

2 x 1 Infants 
Children 

16.0 
28.5 

Infants 
Children 

3.28 
5.13 Pilot Project 

Upper 
Volta 
(1955-57) 

Savannah 
holo-endemic 

DDT 
(2.2 g/m ) 

2 x 2 2-9 75.5 2-9 50.6 Pilot Project 

Northern 
Cameroon 
(1960-61) 

Savannah 
holo-endemic 

DDT 
(2 g/m ) 

2 x 1 2-9 * 
61.0 2-9 35.0 Pilot Project * 

Survey made 5 months 
after the first spraying 
cycle 

Liberia 
(1958-59) 

Forest 
holo-endemic 

DDT 
(2.65 g/m ) 

l x l Infants 
Children 

72.5 
68.4 

Infants 
Children 

0 
30.0 

Pilot Project 
In the parasite survey only 
residents in the sprayed 
area were considered (i.e. 
nomads and seasonal workers 
were excluded) 

Uganda 
(Kigezi) 
(1959-60) 

Savannah 
hyperendemic 
mesoendemic 

DDT 
(2 g/m ) 

3 x 1 
2 x 1 

All ages 
All ages 

22.7 
12.5 

All ages 
All ages 

0.5 
0.0 

Pilot Project 
Mass drug administration 
with chloroquine associated 
with each spraying round 

Tanganyika 
(Pare-
Taveta) 
(1955-59) 

•丨囲 _ , 1 

Savannah 
hyperendemic 

Dieldrin 
(0.5 g/m ) 

1 cycle every 
8 months for 
4 years 

0-11 m 
2-4 
5-9 

47.0 
64.0 
62.0 

0-11 m 
2-4 
5-9 

1.0 
6.0 
9.0 

The infant mortality rate 
decreased from 165 in 1955 
to 78 in 1957. The crude 
death rate fell from 24 in 
1955 to 12 in 1957 
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TABLE 4. DOSAGE-RESPONSE OF DDT IN MAN 

Dosage 
(mg/kg/day) Remarks 

？ a b Fatal 

Prompt vomiting at higher doses 
(all poisoned, convulsions in some) 

1СГ Moderate poisoning in some 

一 

Moderate poisoning in one man 

0.5 Tolerated by volunteers for 21 months 

0,5 Tolerated by workers for 6.5 years 

0.25 Tolerated by workers for 19 years 

0.004 Dosage of Indians, 1964, combined intake 
from living in sprayed houses and from food 

0.0025 Dosage of general population of United 
States of America, 1953-1954 

0.0004 Current dosage of general population of 
United States of America 

â  One dose only . 
Dosage unknown , 



TABLE 5. ESTIMATED COST PER MILLION POPULATION PROTECTED BY RESIDUAL SPRAYING 
(During a six-month transmission period) 

Insecticide requirements Cost related to insecticides Operational factors 

Insecticide Dosage 
g/m2(tech) 

Approx, 
duration 

of residual 
effect (on 
mud) months 

Metric 
tons 
required 

Approx. 
cost/кг 
US$1 

Total 
require-
ments 
x US$ 
1000 

Cost 
ratio 
(DDT=1) 

Trans-
portation 
x US$ 1000 

Sub 
Total 
x US$ 
1000 

Application 
rounds 

Cost of 
safety 
equip-
ment 
and 
other 
factors 
x US$ 
1000 

Sub 
total 
cost 
x US$ 
1000 

Total 
cost 
x US$ 
1000 

Cost 
ratio 
DDT=1 

Insecticide Dosage 
g/m2(tech) 

Approx, 
duration 

of residual 
effect (on 
mud) months 

Metric 
tons 
required 

Approx. 
cost/кг 
US$1 

Total 
require-
ments 
x US$ 
1000 

Cost 
ratio 
(DDT=1) 

Trans-
portation 
x US$ 1000 

Sub 
Total 
x US$ 
1000 

Number 
Cost 
x US$ 
1000 

Cost of 
safety 
equip-
ment 
and 
other 
factors 
x US$ 
1000 

Sub 
total 
cost 
x US$ 
1000 

Total 
cost 
x US$ 
1000 

Cost 
ratio 
DDT=1 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
DDT 
75% w.d.p. 2 6 133- 500 66.5 1 5.3 71.8 1 133 - 133 204.8 1 
Malathion 
50% w.d.p. 2 3 b 400- 887 355 5.3 16 371 2 266 - 266 637 3.1 
Propoxur 
(OMS-33) 2 3 400^ 3400^ 1360 20.4 16 1376 2 266 120^ 386 1762 8.5 1 

— 5 0 m /capita x 1 round. 
~ 50 m^/capita x 2 rounds. 
с •�. 
一 This is based on experience in a small-scale spraying operation 

(12 000 population) in southern Iraq, 
d —Prices all free on board. 
Q —Price per metric ton for quantities of 100-500 t. 


