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SYNOPSIS

There was no satisfactory solution to the plague problem until
the advent of DDT, which made it possible to break one of the
links in the chain of spread of the disease. DDT has been used
in Ecuador since 1946 with great success, particularly in the control
of rural plague; it is systematically applied every four months in
areas considered to be plague foci. Wherever possible, it is used
in the form of 10% dusting-powder, although emulsions and solu-
tions of DDT are also used.

Since 1950, however, there have been indications, confirmed by
experiments and by information from Brazil, that generations of
DDT-resistant fleas are breeding. This creates a serious problem
requiring close study if a solution is to be found and if one of the
most effective weapons for plague-control is not to be rendered
useless.

Until the advent of DDT and its application as an insecticide, no
satisfactory solution to the serious problem of the control of plague,
particularly rural and sylvatic plague, was possible, despite the progress
that had been made in this field.

The large-scale use of DDT in the prevention of plague made it possible
to break one of the links in the chain of spread of the disease. The
spectacular results obtained encouraged the hope of eradicating this disease
entirely, even though it had been proved that rodent-extermination cam-
paigns could not exterminate a sufficiently large number of rodents to
make the propagation and spread of infection impossible.

Methods of applying DDT and its optimum concentration as a pulicide
have varied according to the results obtained by different workers; but,
in general, 10% DDT in dusting-powder form is used, since this is the
concentration offering the greatest certainty of success.

This is the concentration we use, applying the insecticide both in depth
and superficially.

* This paper will also be published, in Spanish, in the Boktfn de la Oficina Sanitaria Panamericana.
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We consider application in depth, i.e., in the burrow, to be of the
greatest importance, since we feel that in general all epidemic outbreaks
of plague, particularly of rural plague, originate in the breeding-places
of the rodents, which may represent the real reservoirs of infection. DDT
is applied under high pressure by special pumps which ensure that the
fine powder penetrates throughout the rodent burrows, covering all the
walls with insecticide.

For surface spraying, i.e., spraying of floors and walls of dwellings,
beds, clothing, etc., DDT is used in dusting-powder form, as an emulsion,
or in solution; we prefer the use of the fine powder whenever circumstances
permit.

We have been using DDT since 1946, and have obtained excellent
results with it, particularly in the control of rural plague. The morbidity
curve has fallen very noticeably since the application of DDT. This is
carried out systematically every four months in those areas considered
to be plague foci.

The results obtained with this insecticide have led us to consider it
as the most powerful weapon at present available for plague control,
especially in the case of rural plague.

Unfortunately, since 1950, we have noticed that in certain areas
considered as plague foci a number of fleas have survived systematic
application of DDT. This alarming discovery led us to undertake certain
experiments. Among them was the replacement of a certain quantity of
DDT which we had been using, and which we suspected of being in poor
condition, by another batch recently received from Geigy Co., Inc.,
New York, USA, and which had been forwarded with every safeguard.
We repeated our former application of DDT with the utmost care and
obtained the same result: the fleas survived the new application. We
therefore concluded that we were dealing with generations of DDT-
resistant fleas.

To confirm this view, we applied the DDT considered to be in poor
condition in an area as yet untreated and obtained excellent results, a
high percentage of fleas being killed by the first application.

Later, during 1951-2, we observed the presence of DDT-resistant fleas
in extensive areas, where the experiment indicated above was repeated
with the same unfavourable results.

These experiments were carried out in two rural areas, which are
considered as endemic plague foci, and which have entirely different
environmental characteristics.

One is situated in the inter-Andean region and covers 600 km2. The
altitude varies from 2,500 m to 4,000 m above sea level. The temperature
is subject to very sudden changes and varies between 10°C and 18oC;
there are also sudden changes in the humidity from almost complete
dryness to almost complete saturation. In this area, the predominant
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species of fleas are: Pulex irritans, Rhopalopsyllus claviculus, Ceratophyllus
(Nosopsyllus) londinensis, Ceratophyllus (Nosopsyllus) fasciatus, and other
species without importance as far as plague epidemiology is concerned.
Xenopsylla cheopis does not exist in this area, possibly because the climatic
conditions prevent it from surviving or acclimatizing itself.

The other area, situated in the south of the country, covers approxi-
mately 1,000 km2. The altitude varies from 200 m to 800 m above sea level.
The temperature is more stable and varies between 180C and 280C; there are
no sudden changes in the humidity but a much clearer distinction between
the rainy winter and the dry summer-the only two seasons the country has.
In this region, the predominant species of fleas are P. irritans, various
species of the genus Polygenis, R. claviculus and, less numerous, X. cheopis.

Resistance to DDT after repeated application has been observed in
all these species of fleas, but we have been unable to determine which
species shows the greatest resistance.

These observations strengthened our belief that generations of DDT-
resistant fleas are breeding, and this was confirmed in August 1952, during
my trip to northeastern Brazil, where I found the same situation in the
rural areas of the State of Pernambuco. There I was informed by the
medical officers and inspectors of the rural health service, and even by
the local inhabitants, that new applications of DDT had little effect.

I submit these observations merely as preliminary information, leaving
the door open for research workers to study the situation, which, if con-
firmed, would create a grave problem in plague control, particularly rural
plague control, by depriving us of the most efficient weapon at our disposal
for the prevention of the disease. It would then become urgently necessary
to experiment with other insecticides which might advantageously replace
DDT.

I feel that it is worth going to some trouble over this problem in view
of the grave consequences which may ensue. It is not yet possible to
consider plague merely as a historical disease, since it represents a potential
world menace, despite the efficient control methods now available and the
effectiveness of antibiotic treatment which has reduced mortality from
lymphatic plague, which is the most frequent, almost to zero. Never-
theless, if we are deprived of one of the most effective control methods,
it is very possible that in the next few years we shall see a reactivation
of the endemic plague foci, particularly in those countries confronted
with the problem of rural and sylvatic plague.

R1ESUMIt
Grace au DDT, la lutte contre la peste dans 1'Equateur, qui jusqu'alors n'avait pas

trouv6 de solution satisfaisante, a pu etre poursuivie avec succ6s. Depuis 1946, des pulve-
risations systematiques de DDT, repetees tous les quatre mois, ont ete appliqu6es, en
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particulier dans les terriers des rongeurs, au moyen de pompes speciales projetant les
particules de poudre insecticide sur les parois et dans les recoins. Cette methode a paru
la plus efficace, car ce sont les terriers oii les rongeurs mettent bas qui representent les
vrais foyers des poussees epidemiques de peste rurale ou de peste des rongeurs sauvages.
A la suite de ces campagnes de desinsectisation, la morbidit6 par peste a notablement
diminue.

Mais depuis 1950, on a constate dans certaines zones, connues comme foyers de peste,
qu'un certain nombre de puces avaient survecu aux applications de DDT. Des exp6-
riences precises, repetees en 1951 et 1952 dans des regions tout a fait diff6rentes, confir-
merent l'existence de lignees de puces r6sistantes au DDT. Le meme phenomene fut
observe au Bresil (Etat de Pernambouc) oix des applications recentes de DDT n'ont eu
que peu d'effet.

Cette note n'est que preliminaire. La situation doit etre etudiee de pr6s, car elle peut
devenir serieuse, si les craintes se confirmtent. I1 serait alors urgent d'essayer d'autres
insecticides pouvant remplacer le DDT. Car, malgre les methodes de prophylaxie et
de traitement dont on dispose, la peste represente toujours une menace pour 1'humanite.
Si l'une des armes les plus efficaces devenait inoperante, il n'est pas impossible que,
dans quelques annees, l'endemie se ranime dans certains foyers, surtout dans les pays
affectes par la peste rurale et la peste des rongeurs sauvages.


