
SPECIAL ADDRESS



The following address was delivered during a
Conference Reception and Dinner held in Atlanta,
Ga., on Wednesday, 17 February, 1971.



Bull. Org. mond. Sante 1971, 44, 419-424
Bull. Wld Hlth Org. J

Insecticides and the Control of
Vector-Borne Diseases
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The World Health Organization publishes a
two-volume " Manual of the International Classi-
fication of Diseases, Injuries, and Causes of Death ",
which lists about a thousand ways of dying. In
spite of this wide choice, it is possible to pick out
certain diseases, or other causes of death, that
by their virulence, very wide spread, and difficulty of
control can be described as " world killers ". These
diseases are the pointers (one could call them
isothanatons) that may be used in constructing
maps, for what Dudley Stamp called the " geography
of life and death ". For society, the killing diseases
are not necessarily the most important; those that
undermine health and efficiency and result in
general suffering are often more damaging than
the killers. Many communicable diseases, lesgrandes
endemies, are the sad privilege of developing coun-
tries, and their estimated world incidence is quite
staggering. Thus, about 400 million people are
now living in areas of high malaria endemicity
where efforts to control, let alone eradicate, the
disease have made virtually no impact on its inci-
dence, which amounts to at least 100 million new
cases every year. About 270 million people are
afflicted with filariasis (including onchocerciasis,
which blinds one out of ten sufferers); leprosy
claims 15 million victims and Chagas' disease 7 mil-
lion, and it is estimated that there are 20 million
cases of active tuberculosis-three-quarters of them
in the tropics. Helminthic diseases of the intestine
are present in about 650 million people, 450 mil-
lion of whom have hook-worm.
The cumulative effect of all this cataclysmic misery

in the developing countries is impossible to cal-
culate but it must be immense. There is no doubt
that much more can be done to improve the situ-
ation through the extension of public health services
together with other socio-economic measures.

1 Professor of Tropical Hygiene, London School of
Hygiene and Tropical Medicine, London, England.

The control of communicable disease has always
been one of the main activities of national and inter-
national health organizations and some excellent
results have been achieved.
The global programme of malaria eradication,

stimulated and co-ordinated by the World Health
Organization and magnificently supported by the
USA, is now in its 14th year, and its achievements,
in terms of millions of people freed from the disease,
are immense. The fact that this great public health
endeavour is still incomplete, and that the past
few years have seen some reverses, should not be
allowed to obscure the successes.
During the past decade alone, malaria has been

eradicated from areas inhabited by 650 million
people and some 700 million people have been
freed from the threat of endemic malaria. These
achievements should also be seen in terms of
falling mortality and morbidity due to this disease.
It is probable that malaria eradication programmes
have prevented the occurrence of well over 2 000
million cases of malaria during the past decade, and
that they have greatly reduced the mortality rate.

It has been estimated that between 1955 and 1965
some 15 million people were saved from dying of
malaria. Critics who accuse malariologists of aggra-
vating the population explosion may like to know
that the world population increased by 500 million
during that period.
With regard to some of the other vector-borne

endemic diseases, one should not forget that lower
prevalences of leishmaniasis and plague are often
collateral benefits of well-conducted malaria era-
dication activities, and that there have been local,
but very striking, successes in the control of oncho-
cerciasis, African trypanosomiasis, Chagas' disease,
yellow fever, and haemorrhagic dengue. It is true,
however, that on a world scale none of these in-
fections has decreased significantly. In fact, some
parasitic diseases have extended their range in the
wake of economic development and increased
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urbanization. In many tropical and subtropical
countries water supply development schemes lead
to a multiplication of breeding sites for insect and
snail vectors, and by attracting migrant labourers
such schemes contribute to the spread of parasitic
diseases, particularly schistosomiasis. Nearly 200
million people suffer from schistosomiasis at present,
and the control of this disease is still at a relatively
early stage. However, selective molluscicides and
new drugs, one of which was developed from an
organophosphate pesticide, may soon improve the
situation.
As for the present and future roles of pesticides

in relation to public health, it may be remembered
that the very concept of large-scale control or era-
dication of certain insect-borne diseases originated
from the discovery of the special properties of
DDT: its high toxicity to insects and very low
toxicity to other animals and man, its wide spectrum
of effectiveness, its long residual action, the sim-
plicity of application, easy formulation and low
cost-all this sounded miraculous. And mira-
culous it was; for the first time in history, large
rural areas in the tropics could be effectively treated
at well-spaced intervals and for the first time a
practicable method of attacking arthropod-borne
infections could be envisaged.
Although a number of other insecticides-organo-

chlorine compounds, organophosphorus compounds,
and carbamates-were introduced, with various
degrees of success, after DDT, the resistance of
insects to many of the current insecticides indi-
cates how narrow is our margin of security. The
speed at which mosquitos developed resistance to
dieldrin and HCH, and the level of that resistance,
surprised us all. DDT, although not free from this
defect, has some advantages because, as first shown
by Davidson at the Ross Institute, the relevant gene
has a different pattern of Mendelian inheritance.
Well over 100 species of disease-carrying arthropod,
in addition to 250 agricultural pest species, have now
become resistant to insecticides, and higher dosages,
or more frequent applications, are sometimes the
only immediate answer to the question: " What do
we do now?" It is as if all the known synthetic
insecticides have, like some motor-cars, " built-in
obsolescence ".

It could have been expected that the resources
of modem chemistry would soon help by discovering
many more new pesticides, so that we would al-
ways be one or more jumps ahead of Nature fighting
back by means of a perfect example of Darwinian

selection of existing mutants. Unfortunately, how-
ever, problems of immediate and long-term toxicity
bedevil any rapid progress in this field. The magni-
ficent effort of the insecticide-screening programme,
sponsored and supervised by the World Health
Organization, covered nearly 1 500 compounds
and eventually selected 5 insecticides that showed
some promise. Those who think that this is a
meagre harvest should be reminded that 30 years
ago a search among 20000 possible antimalarial
drugs yielded only 2 of lasting value, and a recent
screening of over 100 000 compounds does not seem
to have been more productive.
The world faces the danger of running out of

compounds for protecting crops and controlling
disease vectors that would be acceptable to all. The
value of pesticides for agricultural use can be
mentioned only briefly today, but our dependence
on them is greater than ever before.

It is estimated that British agriculture and animal
husbandry would sustain an annual loss of about
SUS 1 200 million if they were deprived of the
pesticides on which about SUS 36 million is now
spent each year. It is impossible to estimate the
actual losses sustained in developing countries, but
there are years when the whole harvest of a country
may be a total loss. The growing population
pressure demonstrates the urgent need to meet the
menace of food shortages by preventing the depre-
dations of insect pests, and by making greater
use of fertilizers. The phenomenal success of the
" green revolution ", that is, the introduction of
new high-yield crops, makes the effective use of
pesticides more necessary than ever before. The
dangers of widespread disease to the new " super-
plants ", which have a very narrow genetic base,
are obvious to all plant breeders.

" He gave it for his opinion, that whoever could
make two ears of corn or two blades of grass to
grow upon a spot of ground where only one grew
before, would deserve better of mankind... than
the whole race of politicians put together." This
quotation from Jonathan Swift's Gulliver's Travels
applies most obviously to N. E. Borlaug, who was
recently awarded a Nobel Peace Prize, but perhaps
some thought should also be given to those who try
to protect one-quarter of each year's new harvest
from various predators.

Shakespeare says that " virtue itself turns into
vice" and the chemical stability of DDT and its
effectiveness for long periods in any biological
environment are also inherent disadvantages. It
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is obvious that pesticides by their very nature must
adversely affect a number of biological functions,
and their wide dispersal is a potential threat to
many ecosystems.

In 1945 some scientists, Wigglesworth perhaps
being the first, were already expressing concern
about the possible effects of persistent insecticides.
But the real crusade started with Rachel Carson's
Silent Spring, that beautiful, passionate book, carry-
ing the dramatic message that man's existence is
linked not only with all humanity but also with all
the animals, plants, and the microscopical world
that, together with man, have evolved on the
Earth.

This book that moved the world and carried
a salutary warning was undoubtedly partial. It
could be said that the flowers, birds, and bees had
obscured the sight of sick and hungry men, women,
and children. Recently, more objective writers, such
as Kenneth Mellanby, have shown us the pesticide
problem in its true perspective as only one, and cer-
tainly not the main, facet in the general picture of
pollution of the Earth by man.
No one doubts that pollution of the environment

is an important issue of our time. The airs, waters,
and places, of which Hippocrates never dreamed,
are now being tainted with the by-products of
man's activity on earth; there is an epidemiology of
pollution similar to the epidemiology of communi-
cable disease. Changes in ecological systems have
occurred in the past and have formed part of the
Earth's evolutionary history, but these changes were
gradual. Richard Carrington's comparison shows
rather strikingly how slow they were.

" If the earth's history could be compressed into a
single year, the first eight months would be completely
without life, the next two would see only the most
primitive creatures; mammals would not appear until the
second week in December, and no Homo sapiens until
11.45 p.m. on December 31. The entire period of man's
written history would occupy the final 60 seconds before
midnight."

During the final 15 minutes of this compressed
time scale the effects on the environment of small
and scattered groups of humans were negligible,
but the last second, equivalent to a century, saw
a dramatic change owing to industrialization and
explosive population growth. Man has become
a geological force and 3 600 million people, con-
centrated in a few areas, now dig the earth for what
they need, fish the seas, grow crops, breed animals,
move about faster and faster, and multiply more

and more. All these activities generate pollution,
the severity of which is related to affluence and
technological progress.
Among the large number of natural or synthetic

pollutants, pesticides have been given a particularly
bad name, perhaps because their deliberate use
in public health and agriculture is so obvious. And
yet one must keep a sense of proportion and re-
member that a number of less obvious pollutants
have a greater direct impact on our society; indus-
trial wastes, for example, are certainly much more
damaging. Dr Philip Handler, President of the US
National Academy of Sciences, spoke recently about
thousands of motor-cars in the USA carrying
" bumper-stickers " demanding a total ban on DDT;
at the same time these motor-cars may be contri-
buting to the fearful annual slaughter of over
56 000 people on American highways.
Some of the issues involved in this problem

are paradoxical, if not worse. Curbs on the civilian
use of relatively harmless pesticides contrast strangely
with the deliberate military use of very active herbi-
cides and defoliants that, in the words of Senator
Nelson, "may well have set an ecological time-fuse
that will cause widespread destruction in one part
of the world."

In December 1969 the British Government
accepted the recommendations of the Advisory
Committee on Pesticides (the Andrew Wilson Com-
mittee), which stated that DDT has an excellent
safety record and that there is no evidence of any
disease or adverse effect on human health arising
out of the proper and discriminate use of this com-
pound. The few cases of poisoning that have occur-
red over the past quarter of a century have all
resulted from gross negligence, from accidents, or
from suicidal attempts. Although the amount of
DDT carried by the British in their bodies averages
3 parts per million, there is little doubt that the pre-
sent generation is healthier and lives longer than the
generation 10 years older.

In Hungary, Israel, and the USA, where the DDT
levels are several times higher, there is no evidence of
harmful effects in man. The same is true in India
in spite of the mean tissue level of 26 parts per
million of DDT in the population of Delhi.
The report of the Wilson Committee, and the

more recent (1970) report of the Agricultural
Research Council, have stressed some facts that
are not often taken into account. The reports make
the point that in tropical countries, where food
production is vital and where there is a high en-
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demicity of insect-borne diseases, the presence of
small residues of DDT in the body does not justify
its prohibition. Naturally, it would be preferable
not to see any chemical residues in the human popu-
lation, but at present this does not seem to be
feasible. At the same time, it is clearly impossible to
prove that no harm will ever be caused by even the
smallest amount of DDT, or other insecticide, in
the tissues.
The question that cannot be answered now is

what to do when the level of contamination in the
population is exceptionally high. There may be a
difficult choice between disease and starvation on
the one hand, and the possible dangers of a mass
intake of small amounts of certain compounds
with delayed adverse effects on the other hand. This
choice will have to be made not lightly but soberly,
because the fate of millions of people is involved.
It is obvious that, today, the tangible benefits derived
from the proper use of pesticides in developing coun-
tries outweigh the potential hazards. However, the
spread of resistance in insects and the pressure of
public opinion to limit or ban the use of persistent
insecticides, in spite of their convenience and cheap-
ness, are likely developments. It is to be expected that
there will be an increased demand for new degrad-
able compounds to replace the organochlorines,
even though their operational and economic disad-
vantages may be considerable. When such a change
occurs, it may be useful to remember that over the
past 15 years about 40 000 tons (40 650 tonnes)
of DDT have been used annually in public health
programmes. This is not more than about 15%
of the total DDT production, but it was used in
ways that presented little danger to the environment
and caused no mishaps to the 200 000 spray-men
exposed to daily contact with this compound.

Biological control, which consists essentially of
limiting the numbers of animals or plants by the
action of living agents, operates in nature incon-
spicuously and unexpectedly. Its unpredictability
is dramatically underlined when it succeeds beyond
expectation (as in myxomatosis) or when it fails
to operate; yet the possibilities are very great. A
few years ago, Edward Steinhaus described vividly
the potential biological power that may be available
for pest control among some 30000 species of
protozoon, 20 000 species of nematode, 25 000 spe-
cies of crustacean, 90000 species of mollusc, and
20 000 species of fish, without counting nearly a mil-
lion species of insect of which only 100 000 are pest
species, leaving some 900 000 species as possible

allies. There are also possibilities for genetic con-
trol, potentially of great promise, biological control
with bacteria, fungi, and viruses, and the use of
synthetic hormones and chemosterilants, although
the latter may be more dangerous than the con-
ventional pesticides now in use.

Integrated control, implying a combination of
chemical and biological methods, depends so much
on a detailed knowledge of the ecology of each
locality that it will remain a method for limited use
for specific conditions. Undoubtedly, it should be
possible to associate various insecticide treatments
with biological means of control, but the complex
interaction between methods and timing of appli-
cations, the choice of selective or nonpersistent
compounds, and many environmental factors may
lead to success in one locality and to failure in
another. Perhaps computer simulations may provide
help in the planning and use of these techniques, but
at present most of the models of hypothetical insect
populations have been over-simplified and have
not always reflected the real situation. However, we
are at an early stage in the use of the analytical
approach, and one can hope that future develop-
ments will be satisfactory.
About 20 years ago the Hunterian Society of

London voted in favour of the motion that " the
advance of medicine will create more problems
than it will solve ". This view may not be entirely
true, but it seems that we do live in a new age of
pessimism brought about by disappointment with
the wonders of science. There is no better example
of our dilemma than the controversy surrounding
the use of antibiotics in animal husbandry. The
growth-promoting activity of low concentrations of
antibiotics incorporated into animal diets was
discovered 20 years ago and the technique has been
widely used because both the producer and the
consumer benefit from the high yields of animal
proteins. It has been estimated that the use of
chlortetracycline for all the 220 million broiler
chickens and 10 million pigs reared in the United
Kingdom every year would involve a total gain
from increased weight production of about $US 40
million. Yet, because of the possibility that patho-
gens (especially Salmonellae) resistant to antibiotics
could be transmitted to man, much concern has been
expressed and in many countries antibiotics have
been fully or partially withdrawn from animal
foods.

Today's triumphs are often tomorrow's problems.
Some illustrations of this statement are the intro-
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duction of food-preservatives, which have increased
the incidence of allergies; the use of synthetic
detergents, which interfere with water purification;
advances in chemotherapy, which have been fol-
lowed by drug-resistance and by some puzzling
toxic effects; renal dialysis and blood-transfusion
procedures, which have increased the incidence of
infective hepatitis; and the use of contraceptive pills,
which may carry the risk of thrombosis. Further-
more, many aspects of medical progress lead to the
progressive accumulation of inheritable defects in
the gene pool of human populations.

Technological advances are so rapid that there
is no time for gradual social adjustments. It could
be said that we are experiencing the " Midas effect ".
Everything that this legendary king of Phrygia
touched turned to gold and Midas would have
died of hunger and thirst if the gods had not agreed
to take back this questionable favour.
The problem of pesticides is only a small part

of the much wider aspect of pollution and the
deterioration of the environment, and it would
be wrong to over-dramatize this particular issue
while forgetting the benefits that we obtain from the
protection of crops and the control of insect-borne
diseases. The Royal Commission on Environmental
Pollution, under the chairmanship of Sir Eric Ashby,
has just published its first report, which defines a
framework that should permit sober analysis of this
intricate problem. The starting point is the develop-
ment of criteria by means of which the costs of
reducing a given type of pollution should be assessed
against the benefits that would be obtained. Manage-
ment of the environment must be a deliberate pro-
cess, with no " crash " programmes-such as a ban
on DDT or other chemicals-being undertaken
before there has been a chance to ensure that they
would not have adverse effects on agriculture or
health.

All human progress increases the difficulty of
preserving the balance of nature. One should
remember such episodes as the invasions of native
biocenoses by foreign animals and plants. The
story of the invasion of Mauritius, Brazil, and
Lower Egypt by Anopheles gambiae is well known,
and probably the Seychelles, Aldabra, and other
islands in the Indian Ocean, mercifully spared so far,
will soon be invaded by this redoubtable vector of
malaria. The same applies also to the spread of An.
stephensi from the Middle East to the African
mainland.
The biological and medical consequences of the

construction of the Aswan Dam in Egypt and the
harnessing of the Volta and Zambesi rivers in
tropical Africa are already causing much concern.
But in the final count, the deterioration of the
environment is the result of the inexorable pressure
of human population growth. One wonders if
some of the people now climbing on the conservation
band-wagon realize that the protection of the
environment will raise fundamental questions about
the trend of economic development, and about
ethical standards and the rights of human societies-
including the right to " go forth and multiply ".
Monod feels that the values of science and the

values of the traditional society are incompatible.
Not many would agree with this gloomy credo,
which leads to despair. Science cannot be separated
from the social system in which it evolves, and in
reality most of the new problems are the manifesta-
tion of the increasing complexities of our societies
associated with growth in size.
One of the unique characteristics of man is that

he does not live only in the present but has a sense
of continuity with the past and is also concerned
with the future. For the first time in history we are
obsessed with our own future, probably because
we now see that we might not have any future at all
unless we establish a better balance between the
technological forces that change society and the
institutions that give society its permanent basis.
A new kind of science will have to come to grips
with all the present and probable future adverse
social effects of technological progress.

Seven years ago, President John F. Kennedy
brought the subject of the global environment
before the UN General Assembly; it seems that, at
last, we are beginning to realize what is at stake.
The European Conservation Year is just over and
while some may think that it was just a fashionable
flash in a new pan, there is no doubt that it made
many people aware of the dangers into which we
are running at full speed. There is no simple solution
to all the scientific, economic, and social aspects
of the problems we face, and there are some distur-
bing ethical aspects; it may be tempting to deny to
the poor and needy peoples of the world some of the
fruits of our technological advance simply because
affluent societies have misused them. The acceptance
of food shortages and high rates of sickness and
mortality in developing countries is unthinkable
and the future of mankind as a whole depends on
the external assistance given by advanced nations
to the developing countries.
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There is no doubt that a ban on the production
of DDT, or even a large reduction, would cause

a chain reaction that could result in the collapse
of malaria eradication or control programmes where
they are most needed-that is, in countries inhabited
by the underprivileged two-thirds of mankind, now

trying so hard to improve their level of existence.
In 1970, the 23rd World Health Assembly ap-

proved in principle the plan for international eco-

logical research and for a global system for moni-
toring pollution. The first priority, as in so many

fields, must be to improve our knowledge; nothing
is more disheartening than attempting to improve
the health situation, or to increase food resources,

and being castigated for doing it. In any field of
applied science, legal regulations and safeguards
can operate in the public interest only if they are based

on sound principles derived from established facts.
No society, no country, no international body

has yet fully appreciated the main danger of the
present rape of the Earth, our one and only " Alma
Mater "-that she cannot much longer support
our growing numbers and rising demands. This
great challenge confronts mankind not at some dis-
tant future time but before the end of this century.
There is no choice; we must try to meet the challenge
now as best as we can. But our efforts will not succeed
if we rely on the unpredictable forces of nature to
maintain the balance by hunger and pestilence. We
have reached the point of no return in our struggle
to control or eliminate the major endemic diseases
that impede the socio-economic advance of devel-
oping countries. On the solution of these problems
depends the future of mankind.
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