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INTRODUCTION

(Note by the Secretariat)

The Committee on EpidemiQlogy and Quarantine of the Interim
Commission of the World Health Organization recognized in its
first report that the problem of malaria was sufficiently urgent and
important to warrant immediate action. As a result, an Expert
Committee was set up which held its first meeting at Geneva, from
22 to 25 April 1947. Only four members took paxt: Dr. Mihai CrUCA
(Roumania), Dr. N. Hamilton FAILEY (United Kingdom), Dr.
Arnoldo GABALD6N (Venezuela) and Dr. Paul F. RUSSELL (United
States of America) ; the U.S.S.R. expert had not yet been appointed.
Dr. GABALD6N was elected Chairnian, and Dr. E. J. Pampana, of
the Interim Commission Secretariat, acted as Secretary to the
Committee.

The report drawn up by the experts was submitted to the Com-
mittee on Technical Questions (the new designation of the Committee
on Epidemiology and Quarantine) during the fourth session of the
Interim Commission, held at Geneva from 30 August to 15 September
1947.

Of the ten sections comprising the report, a number are con-
cerned with administrative questions, while others are of a technical
nature. The former contain the experts' recommendations on the
constitution of a Committee on Malaria and on the policy of the
World Health Organiization with respect to malaria.

As for the technical part of the report, the Interim Commission
considers it an excellent presentation of the properties and poten-
tialities of the new synthetic drugs and insecticides which have
recently been employed. Believing that these data may well be of
value to the health authorities of countries engaged in the struggle
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against malaria, the Interim Commission has decided (without
assuming responsibility) to give them wide publicity through the
present issue of the Bulletin.

The Interim Commission of the World Health Organization has
inherited the functions of the former international health organ-
izations; and the meeting of the Expert Committee formed a natural
link with the Malaria Commission of the League of Nations, on
which in various capacities, until the outbreak of the Second World
War, some fifty experts served, including most of the famous names
in malariology.

The field of work confronting an international meeting of mala-
riologists in these post-war years is very different from that which
faced the former Commission. The conception of the mechanism
of malarial infection has changed, for it is now almost unanimously
agreed that the sporozoite injected by the anopheles gives rise to
an exo-erythrocytic cycle which precedes the appearance of parasitic
forms in the blood. If the morphological verification of this cycle,
reported by certain authors, has not yet been adequately confirmed
in man, its existence would appear, nevertheless, to be no longer
in doubt, in view of the experimental results in naturally-contracted
or artificially-induced cases of the disease.

Therapy and chemoprophylaxis have at their disposal today new
synthetic drugs and new methods for the administration of atebrin,
the most efficacious antimalarial chemotherapeutic known before
the war. Atebrin had been thoroughly tested by the Malaria Com-
mission. The results of co-ordinated researches, organized under
the auspices of the Commission during 1935-36 in Algeria, Italy,
the Malay States, Roumania and the Union of Soviet Socialist
Republics, formed the Fourth General Report 1 of the Commission,
"The treatment of malaria ", a restatement of the question which
was undoubtedly of great value to the health administrations of
malaria-stricken countries and to malariologists generally. Yet
despite all these experiments, there was one which the Malaria
Commission could not undertake, but which the war effected on
an enormous scale: the importation of non-immune subjects into
hyperendemic malarial regions. As a result, the dosage in "sup-
pressive treatment" (a term which today has replaced "clinical
prophylaxis "), and in curative treatment had to be modified.

l'BuU. Hlth. Organ. 1937, 6, 895.
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Indeed, it is doubtful whether, but for circumstances arising from
the war, skilful research workers like Hamilton FAIRLEY and his
collaborators at Cairns could have found hundreds of volunteers
for their tests with atebrin and the new synthetic drugs, tests which
rank to-day among the most noteworthy in the history of mala-
riology.

And what of causal prophylaxis, which aims at eradicating the
infection itself before the parasites enter the erythrocytes ? It was
known, in the time of the former Malaria Commission, that plas-
moquine could have that effect in infections of Plasmodium falci-
parum, and partially in those of P. vivax, but unfortunately only if
given in doses that were dangerously high; to-day, this aim has
been achieved, thanks to paludrine, which has a total causal-prophy-
lactic action in infections of P. falciparum, and a partial one in
those of P. vivax, in doses well below the toxic level.

Finally, there is another discovery which not only on account
of its possibilities, but already of its application, has revolutionized
malaria control: new contact insecticides. These, when sprayed on
inner walls, retain their toxic properties for months on end. It is
true that the spraying of insecticides is not in itself new: the Malaria
Commission recommended this method some twenty years ago, in
its Second General Report.' Malariologists were familiar with the
method of spraying pyrethrum-base insecticides, which was success-
fully applied in South Africa, the Netherlands and India; but new
insecticides like DDT and gammexane or others now being tried
out, all showing "residual" toxicity, were needed to prove beyond
a doubt the efficacy of a method of combating malaria which has
spread with the rapidity of wildfire and kindles the enthusiasm of
those who apply it, as well as of the populations whom it benefits.

The new synthetic drugs and insecticides have not only reduced
the costs of malaria control, they have made it possible to combat
the scourge in villages and hamlets, and they raise hopes of the
complete eradication of the disease-and even of anopheles-from
entire countries. What may not be hoped for, indeed, after the
successful eradication of A. gambice from Brazil and Egypt, before
even the appearance of DDT. !

These very expectations, based upon results achieved in certain
areas, may encourage the allocation of huge credits for programmes

League of Nations document C.H./Malaria/73, 1927. Second General Report
of the Malaria Commission.
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to control or eradicate malaria in various countries; but the follow-
ing two sections, extracted from the report of the Expert Committee,
show the need for continued study of problems so far only partly
solved, problems arising from the use of the new synthetic drugs
and the application of DDT.

* *

CHEMOTHERAPEUTIC CONTROL OF MALARIA

Malaria proved a grave menace to troops operating in malarious
areas during World War II and great national efforts were directed
to the discovery of more effective drugs to suppress and cure malaria.
These chemotherapeutic discoveries made during the war have
greatly increased our capacity to control and eradicate malaria in
times of peace.

Atebrin.

Though atebrin had been widely used before 1939 and was
known to be capable of replacing quinine in the treatment of malaria,
its value and correct dosage as a suppressant had not been worked
out. Investigations on volunteers experimentally infected with both
Plasmodium faleiparum and Plasmodium vivax sporozoites and taking
one tablet of atebrin (0.1 gramme) every day revealed that even
the heaviest P. falciparum infections were suppressed and cured by
this regimen, while P. vivax infections were completely suppressed
though not radically cured. Subinoculation revealed that erythro-
cytic parasites appeared in submicroscopic numbers in the blood of
such volunteers, but provided atebrin was present in sufficient
concentration in the plasma, the parasites were destroyed and, in the
case of P. faleiparum infection, radical cure resulted. If correct, these
experimental findings implied that there should be no deaths from
P. faleiparum malaria and no blackwater fever, provided an adequate
daily dosage of atebrin was taken. Field results with few exceptions
confirmed these findings. Atebrin administration became a matter
of strict military discipline, and following this malaria was reduced
to insignificant proportions, ceasing to be a disease of military
importance.

The 4-Amino-Quinolines.
Much new work was also done on two new drugs-sontochin

(SN 6911) and resochin (SN 7618)-which had been synthesized
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and patented by Germian chemists in 1939. The action of these
drugs was found to be essentially similar to atebrin, but resochin,
which is now called chloroquine or aralen, possessed the advantage
of not discolouring the skin and of being effective in one-half the
therapeutic dosage of atebrin. Like atebrin, aralen produces its
therapeutic effects by schizonticidal action and does not affect the
exoerythrocytic parasites. It is, however, a drug of great potentia-
lities and is being selected for very wide field-trials, both as a
suppressive and for therapeutic purposes.

The 8-Amino-Quinolines.

The value of plasmoquine (1) as a gametocide, (2) as a causal
prophylactic in P. falciparum malaria, and (3) in combination with
quinine in radically curing P. vivax relapsing malaria has been recog-
nized for many years. Recently in the United States of America,
new drugs of this series have been synthesized, the most promising
of. which is pentaquine. Pentaquine has a similar therapeutic action
to plasmoquine ; it can be given in slightly larger dosage, but
unfortunately, like plasmoquine, may produce serious toxic coin-
plications. Heamolytic anaemia and haemoglobinuria have both
been recorded in patients receiving pentaquine, and for this reason
its therapeutic use is likely to be restricted to hospital patients.

The Biguanides.

A remarkable series of anti-malaria drugs syn.thesized during
the war were the biguanides, the most important of which is palu-
drine. This drug is an effective schizonticide; it possesses an action
similar to quinine and atebrin in benign tertian malaria, producing
clinical but not radical cure. It cures overt P. falciparum malaria
with great regularity in a dosage of 0.3 gramme daily for ten days;
on one series, 106 out of 107 P. falciparum infections were radically
cured by this treatment. It also has a sterilizing action on later
sexual stages in the stomach of the mosquito, the sexual cycle
not proceeding farther than the early o6cyst stage in mosquitoes
fed on carriers taking paludrine.

Its most remarkable action, however, is as a suppressant drug:
when given in suppressive doses either daily or two or three times
a week it acts as a true causal prophylactic in P. falciparum infections,
and as a partial causal prophylactic in P. vivax infections. As a result
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of this action, P. falciparum infections are terminated in the pre-
erythrocytic stage so that erythrocytic parasites never reach the
blood-stream.

A remarkable feature of paludrine is the latitude allowed between
the effective therapeutic dose and the toxic dose. A daily dosage
of 1.0 gramme has been frequently taken for three to four weeks
with impunity. Yet a single dose of 50-100 mg. given from 29 to
131 hours after severe sporozoite P. falciparum infection eradicates
the disease. Similarly, a single dose of 0.1 gramme will often termin-
ate a clinical attack of either P. vivax or P. falciparum malaria;
generally, recrudescence follows a few weeks later. General COVELL
has recently reported that a single dose of 0.3 gramme of paludrine
has been found to be very effective for treatment of overt malaria in
Indian villages; he believes this to be the best treatment for
village use.

Field-trials with Paludrine.
In the first field-trials with paludrine, only one tablet of 0.1

gramme weekly was given. Field-trials in India and Africa arranged
by the Malaria Sub-Committee of the United Kingdom Colonial
Medical Research Council indicate that a single tablet weekly is some-
times insufficient as a suppressive, for occasional overt attacks occur
even in regions of low endemicity, while in hyperendemic areas
this dosage is definitely insufficient. This failure is not surprising,
as the results obtained in experimentally infected volunteers at
Cairns indicated the minimal effective dosage to be 0.1 gramme
given at least twice weekly. General COVELL reports that, when the
dosage is increased to two tablets of 0.1 gramme a week given at
three to four days' interval, paludrine appears to be entirely effective,
but the series is so far too small to reach final conclusions. Arrange-
ments have been also made to test in hyperendemic areas one dose
of 0.3 gramme weekly, but no field results are yet to hand. Field-
trials, arranged by the Malaria Sub-Committee of the Colonial
Medical Research Council, are being made in Malaya by Dr. FIELD,
in India and Ceylon and in many parts of Africa.

MALARIA CONTROL BY MEANS OF 4-4' DICHLORO-DIPHENYL-
TRICBLOROETHANE (DDT)

The discovery of the insecticidal properties of DDT has meant
the introduction of a very powerful weapon iin the control of malaria.
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It has been used as a larvicide and as a mosquitocide and found
very effective. The final general use of this insecticide as larvicide
or as mosquitocide will depend on future research.

As a larvicide, DDT may probably be of restricted use in ordinary
anti-anopheline work as compared to its employment as a mosquito-
cide. As a larvicide, it may result in being a more expensive measure,
and therefore its effects in comparison with those obtained when
used as mosquitocide, in relation to their relative cost, should be
studied. In countries where the malaria season coincides with the
rainfall it may have a limited effect which may reduce its economic
use. Also, and specially when used from aeroplanes, it may interfere
with the normal biological cycles of the treated environment, which
may upset the economy of the region, not only from the standpoint
of animals but also of plants, both of crops and trees. There is no
doubt that as an emergency measure DDT as larvicide has a wide
usefulness. A great deal of study should be given to these points
and special care should be taken not to carry on experiments with
DDT as a larvicide in districts where it is also used as a mosquito-
cide, because a decrease of density of anophelines has been observed
in places where it has been used only as a mosquitocide.

It is probable that the widest use of DDT will be based on its
utilization as a mosquitocide to control malaria by the destruction
of the adult vector. As in this case it will be used as a house-spray
it will also affect other domestic insects, particularly flies, and in
this way DDT may indirectly influence the local morbidity and mor-
tality from causes other than malaria. The future success of world-
wide malaria control by DDT will depend on the solution of a large
number of problems which need further study.

A country-wide programme of DDT house-spraying will depend
on the budgetary facilities of each country, and as there are many
nations of a low economic level where the malaria problem is ex-
tremely important, it is essential that special attention should be
given to reducing the cost of the work. It should be remembered
that in many field experiments to contirol malaria more emphasis is
laid upon the decrease in the disease than upon the actual amount
of money involved in obtaining such reduction. At the present time
enough is known of the possibilities of DDT, so that it is time for
giving serious consideration to problems of cost. It is felt that at
present, now that the emergencies of the war are over, the World
Health Organization Interim Commission should not support routine
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programmes to control malaria by DDT which would be out of
financial reach by the health authorities of the aided countries. On
the other hand, it Ls considered that any effort on the part of the
World Health Organization to help in the development of low cost
methods to control malaria by DDT house-spraying would be very
important. The Committee in this respect wishes to emphasize that,
with this powerful weapon, the time has come when more effort
should be devoted to developing methods for more practical and
economical control of the disease.

The reduction of cost of a DDT programme will depend upon
increased knowledge on the following points;

(a) Bionomics of the anophelines,
(b) Methods of application, and
(c) Organization measures.
Attention should be given therefore to stimulating efforts in this

direction in the different areas of the world.
With reference to cost, the Committee wishes to call attention to

the recently observed trend in the market to increase the price of
DDT, which at present is difficult to understand. It should be
recalled that in industry it is generally the case that the larger the
amounts of a given material produced, the lower are the costs of its
production. Steps should be taken to advise all parties concerned
to give consideration to this problem, as it is suspected that an
artificial increase in price of DDT may be seen in the near future,
which may be a hindrance to its wider use.

It is believed, as mentioned above, that a decrease in morbidity
and mortality from diseases other than malaria may be obtained by
the wide use of DDT, just as after the introduction of better water-
supplies and chlorination a reduction was observed in diseases other
than typhoid fever, diarrhoea and dysentery. DDT probably will
have to be used as a recurring measure, similar to the use of chlorine
in water-supplies, and therefore expenditures may be expected to be
maintained. Because of this fact, special attention should be paid
to the collateral benefits oi4 general morbidity and mortality just
mentioned, to avoid the possibility of budgetary reduction which
over-optimistic health authorities may impose.


