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Vector Control after Malaria Eradication
D. W. MICKS 1

In considerable areas now in or near the consolidation phase of malaria eradication,
other vector-borne diseases present serious public health problems, even though not sus-
ceptible to control on the same world-wide scale as malaria. Several of these areas are
already making plans for converting their malaria eradication services to vector control
services. While it is possible to use essentially the same personnel and equipment, the
methods must be adapted to the biology and habits of the vector. For a smooth and rapid
transition, considerable advance planning is therefore needed-preferably well ahead of
the consolidation phase. The author gives several examples of the need for flexibility in
effecting the changeover and of the problems likely to arise after the completion ofmalaria
eradication programmes. He recommends that epidemiological studies should be extended
to vector-borne diseases other than malaria while eradication programmes are still in pro-
gress and that vector controlprogrammes should be integrated into the basic health services
of the country as soon as possible. He also underlines the importance of water management
and other aspects of environmental sanitation in vector control programmes.

It is a well-recognized fact that in any considera-
tion of the control of arthropod-transmitted disease,
malaria stands alone. No other vector-borne disease
of recent times has had or is likely to have such a
resounding impact on so large a portion of the world's
population. In fact, no other disease in this group
is either so widespread or so dramatically controlled
over such vast areas. Consequently, it is apparent
that the control or eradication of other vector-
borne diseases will not be of the same global scope
nor approached in the same manner, since the habits
of the vectors as well as the factors that contribute
to their abundance and control are different.
Nevertheless, the personnel and equipment needed
for the control of other vector-borne diseases are
essentially those used in malaria eradication pro-
grammes. As a matter of fact, on an overall basis,
the bulk of the control measures after completion
of malaria eradication will still be aimed at various
species of mosquitos as well as other dipterous
insects. Fleas, lice, triatomid bugs, ticks, mites, etc.,
will require comparatively less attention on a world-
wide basis.
Although malaria eradication programmes have

not yet begun or are only beginning in some coun-
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tries, such progress has been made in many regions
that sizeable areas are in or near the consolidation
phase. Once malaria has been eradicated from the
various endemic areas, either there will be one or
more other vector-borne diseases to contend with
or else the most urgent problems will not involve
vectors. This paper is concerned with the first-
mentioned possibility.

PLANNING FOR VECTOR CONTROL

In order to take full advantage of the armamen-
tarium which has been brought to bear on the era-
dication of malaria, it is important for advance
planning to be undertaken with respect to the uti-
lization of existing malaria control personnel and
equipment for the control of other diseases. The
mechanics of a shift in vector control will of course
vary somewhat with the particular region, the di-
sease, and the vector species involved. Therefore,
it appears desirable to examine first certain countries
where eradication programmes are well advanced,
where there are also other important insect-trans-
mitted diseases, and where plans for the conversion
of control are already under way or in force.
On the basis of recent morbidity figures the vec-

tor-borne disease of the greatest international con-
cern after malaria would appear to be filariasis.
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It has been estimated that over 250 million people
are affected by this disease, which is prevalent in
nearly all tropical countries and in some cooler
regions. In India alone, over 64 million persons
live in areas where filariasis transmission occurs.
In view of this and the fact that it has the largest
single malaria eradication programme, India pro-
bably presents an almost ideal situation for an orga-
nized " change-over " in vector control. The Natio-
nal Malaria Eradication Programme, which is
entering the consolidation phase, is considering the
conversion of its 390 malaria units to vector control
units. With these units freed from malaria eradica-
tion activities, it appears that the present filariasis
control programme could be so augmented as to
make the eventual eradication of this disease a
realistic goal. Certainly this expanded approach
to the control of disease vectors is also reflected in
the change of name of the former Malaria Institute
to the Central Institute for Communicable Diseases.
Another example of a planned shift in control is

Taiwan, where the most important insect-borne
diseases after malaria eradication will be Japanese B
encephalitis and filariasis. While this country is on
the threshold of malaria eradication, plans are being
made to extend its Provincial Malaria Research
Institute into the area of tropical diseases control
and to utilize all its well-trained personnel for the
control of filariasis and other insect-borne diseases.
This programme is expected to become effective
in 1964. Probably the first country in which a
shift in emphasis from malaria eradication to the
control of other vector-borne diseases occurred was
the USA where the present Communicable Disease
Center of the US Public Health Service evolved
from a programme formerly known as Malaria
Control in War Areas.

Unfortunately, there are a number of parts of
the world where the full impact of diseases secondary
to malaria is not well known. In the Americas, for
example, all countries have embarked upon malaria
eradication programmes and many have areas in or
near the consolidation phase. On the other hand,
the magnitude of Chagas' disease as a public health
problem in various Latin American countries is
yet to be defined. A WHO study group has esti-
mated that the number of people exposed to the
risk of infection with Trypanosoma cruzi was some
35 millions (WHO, 1960). Once again it is to be
hoped that malaria personnel will direct control
toward the various species of Triatoma when mala-
ria eradication programmes permit.

FLEXIBILITY OF METHOD

It is apparent that where other vector-borne
diseases also exist, the eradication of malaria will
enable substantially greater effort to be mounted
toward the control of other disease vectors. How-
ever, it is clear that the transfer of personnel to such
a programme in any country must allow for consi-
derable flexibility, since methods developed for use
against malaria vectors cannot be applied with
equal effectiveness against other species. This
point is perhaps best illustrated by two examples
vectors of filariasis and vectors of Chagas' disease.
As has been pointed out by the WHO Expert Com-
mittee on Filariasis (1962), the spraying of the walls
of houses with DDT, as used successfully against
vectors of malaria, has proved inadequate in con-
trolling Culex fatigans, an important vector of
filariasis in many endemic areas. It has been fairly
generally observed that this species prefers to rest
on various household objects rather than on walls.
Furthermore, C. fatigans is generally resistant to
those insecticides used against anophelines. Still
another problem exists in the Pacific where the vec-
tors include Aedes pseudoscutellaris and A. poly-
nesiensis, which live and breed in the bush and rarely
enter houses. The fact that strains within a single
species may vary markedly in their vectorial capa-
city is a further complicating factor. In this instance,
control measures may not have the desired degree
of specificity until more information is available on
host-parasite relationships.

Again, in the case of Chagas' disease, to control
most species of Triatoma a somewhat more radical
approach to spraying is needed than for malaria
vectors, including the application of insecticides to
both the exterior and interior of houses as well as
a thorough treatment of all furniture and similar
objects. For good results, spraying should be truly
peri-domestic, i.e., extending some distance beyond
the house proper.

Aside from the rather drastic modification in
spraying methods needed when these are extended
to other than malaria vectors, a second departure
in control procedures is the use of chemotherapy,
rather than insecticides, as the first line of defence.
This is true of both filariasis and trypanosomiasis.
With the former disease, chemotherapy should be
accompanied or followed as rapidly as possible by
the most effective mosquito control programme
that can be organized. With this combined attack
carefully integrated, filariasis transmission should
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be interrupted. Trypanosomiasis, which still pre-
sents a threat to human health in various East
African territories, is likewise a disease for which
mass chemoprophylaxis often seems to be the most
practicable answer (Morris, 1962). Although vector
control is the ideal solution, it would be far too
slow if accomplished by clearing, while spraying
may be too expensive. Some territories such as
Mali have indeed undertaken eradication pro-
grammes based on insecticide spraying in the forest
areas, but there are others in which eradication
would be a realistic goal with chemoprophylaxis
alone.

PROBLEMS ARISING
FROM CESSATION OF ANTIMALARIA ACTIVITIES

Following the cessation of spraying in malaria
eradication programmes, several problems have
arisen. The first that might be mentioned is the re-
population of areas with vector species that were
formerly controlled as a by-product of eradication
programmes. This could lead to new outbreaks of
disease under certain conditions, such as the presence
of non-immune persons and disease reservoirs in the
same population. Although there may be indications
that the recrudescence of disease has followed the
completion of eradication programmes, the effects
of spraying during the attack phase on vectors of
diseases other than malaria have not been well
measured or documented. Accordingly, compara-
tively little is known concerning the degree of insec-
ticide-resistance in these vectors.
A second difficulty that has arisen following the

cessation of spraying against malaria vectors is the
continued presence of vectors that have become
insecticide-resistant. A case in point is the high
level of dieldrin-resistance of certain anopheline
species in Venezuela, namely, Anopheles albitarsis,
A. aquasalis, A. strodei, A. trianulatus and A. pseu-
dopunctipennis.1 More recently, A. nuneztovari has
exhibited resistance to DDT. Since resistance in
most of these species covers areas where malaria
is considered to have been eradicated and areas in
which the disease still persists, there is a real possi-
bility of imported or indigenous infections precipi-
tating the re-establishment of transmission.
Another obstacle in the path of control can be the

migration of populations of insects and/or hosts

1 Tenth report of the status of malaria eradication in the
Americas (unpublished document CSP 16/20 submitted to
the 14th meeting of the WHO Regional Committee for the
Americas at the 16th Pan American Sanitary Conference).

from endemic areas. Chagas' disease, for example,
was reported to have extended alarmingly to the
coast as well as to some of the jungle and moun-
tainous sections of Peru. In view of the known
establishment of the vector, Triatoma infestans, in
certain districts of Lima, and the great number of
people who are leaving endemic areas to settle in the
city, there is a potential danger of new endemic
foci being created (Cornejo et al., 1962). Even more
difficult is the control of arthropod-borne viruses
which are distributed widely throughout the world
and are of great importance in both temperate and
tropical zones. In this case, there is not only con-
siderable movement of vectors to contend with, but
also, vast migrations of reservoir hosts (birds) occur.
By the end of 1960, for example, an extensive
outbreak of the dengue-like disease, o'nyong-nyong
fever, in Central Africa had caused an estimated
three-quarters of a million human cases and was
still extending to new areas.

In those countries where malaria is the only
vector-borne disease, it will not generally be practical
to obtain support for insect control after malaria has
been eradicated, since certain major diseases, such as
bacillary dysentery or tuberculosis, will constitute
more pressing public health problems. However,
areas in the consolidation or maintenance phase
must maintain continued surveillance in order to
guard against the re-establishment of malaria
transmission. Furthermore, there are a number of
regions where blood-sucking insects reach such
large numbers as sheer pests as to pose a serious
health problem. For example, in the Syrian region in
1959, flea bites were observed in more than half the
children examined in every village, and in more than
80°% of those examined in several villages.' Many
children had also been bitten by bedbugs.

In certain of the more developed areas of the
world, it has been possible to approach vector con-
trol through water management or source reduction,
thus relegating the use of insecticides to the secondary
role so long intended. While this is not yet a generally
feasible practice, but one which has been adopted in
scattered, somewhat isolated situations, it could and
should become a part of vector control planning for
the future and encouraged wherever practicable.
The importance of proper water management is well
illustrated by Kershaw's report of his study of
filariasis in the city of Rangoon and in Burma in
1961, clearly indicating the relationship between

1 Gahan, J. B. (1959) A study of the insects affecting man
in the Syrian region, UAR (unpublished report).
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prevalence of the disease, the effectiveness of the
drainage system in Rangoon, and the level of
environmental sanitation in general.' Another
disease against which methods other than insecticides
and chemotherapy should be used is Chagas'
disease, the persistence of which is due primarily to
the poor construction of the dwellings and to the
primitive sanitary practices of the population,
particularly in rural areas. Many vectors of the
various arthropod-borne viruses could likewise be
reduced in numbers by drainage and other water
management practices.

TRAINING AND RESEARCH

It is apparent from this discussion that there are a
number of problems inherent in the utilization of
malaria personnel for the control of other disease
vectors. In considering the necessary additional
training that will be needed by personnel in some
areas, there are several important points to be raised.
Perhaps first and foremost is the large gap that exists
in knowledge concerning the effects that the house-
spraying in malaria eradication programmes have
had and will have on vectors of other diseases.
Although in some areas studies have been under-
taken of the results obtained when a malaria eradica-
tion programme is carried out side by side with a
programme for controlling a vector of another
disease, this approach has not yet been employed
nearly as extensively as it should. Particular interest
in this problem has been expressed by the WHO
Expert Committee on Filariasis (1962) which has
urged that the territories concerned should initiate
studies on the effect of malaria eradication activities
on vectors of filariasis where the two diseases co-
exist but have a different combination of vectors.
Also, in some areas, the two diseases have vectors in
common and some or all of these may be susceptible
to insecticides. Where anopheline control has resulted
in a reduction in filariasis vectors, it is necessary to
decide on the expediency of starting mass drug
therapy against filariasis, and on the advisability of
prolonging insecticide operations after they are no
longer needed for malaria control. It is understood
that plans have been made to study the effects of
malaria eradication activities on the local epidemio-
logy of Wuchereria and Brugia infections in various
endemic areas.

1 Kershaw, W. E. (1962) A report on filariasis in the
city of Rangoon and in Burma in 1961 (unpublished WHO
document SEA/Fil./l, restricted).

A WHO Study Group on Chagas' disease (WHO,
1960), although recognizing the technicaland adminis-
trative difficulties involved, recommended that a
study be made of the results obtained when Triatoma
control and malaria eradication programmes are
carried out side by side. It was recommended that in
countries where malaria eradication programmes are
most advanced, the services responsible should
gradually take over responsibility for the control
of Triatoma.

Ideally, even countries in the preparatory or early
attack phase of eradication should be assisted and
encouraged to conduct studies on the ecology,
insecticide-resistance levels, etc., of actual and
potential vectors of malaria and other diseases;
these studies should be made throughout the dura-
tion of the programmes, as time and personnel
permit. In such instances, the initial training of
insecticide spraymen could include techniques to be
used against the various kinds of vector species
present. Of course, personnel already engaged in
spraying activities in malaria eradication pro-
grammes nearing completion should likewise receive
the necessary additional training needed for the
control of other vectors. Such a practice would not
only lead to better-organized and integrated vector
control in the first instance, but would also place the
health authorities in a much more knowledgeable
position regarding the vector-borne disease potential
during the consolidation and maintenance phase of
their malaria eradication programmes.
With the increased emphasis on epidemiological

studies in malaria eradication programmes, there is
an increasing tendency to utilize the experience
gained by supervisory and field personnel in spraying
operations for the planning and organization of,
epidemiological surveys. In some areas where
problems of persistent transmission require frequent
visits, personnel have the twofold responsibility of
carrying out supplementary spraying and case
detection. Consequently, it would appear desirable
and logical for control programmes against various
vectors to be integrated into the basic health services
of the country as soon as possible, and for epi-
demiological studies and surveillance to be extended
to all these diseases in addition to malaria. Since the
utilization of the malaria eradication organization,
services and facilities solely for vector control may
not be possible in some countries, it is all the more
important that any plan for their use be made in
conjunction with the integrated health programme
of the country. Presumably, this would minimize
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many of the administrative and financial difficulties
that vector control programmes may otherwise face.

INTERNATIONAL CO-ORDINATION OF VECTOR CONTROL

As more and more malaria eradication pro-
grammes move into the consolidation phase, co-
ordination of vector control with neighbouring
countries should be assisted and encouraged. For
example, Chagas' disease is closely connected with
low living standards, poor housing and ignorance
of hygiene, all of which indicate the need for a
programme of general improvement of the primitive
dwellings commonly found in the rural areas of the
Americas.' This should form the basis of an inter-
national co-operative programme in which regional
health protection bodies would take part.

1 Report of the Advisory Group on Research in Chagas'
Disease, June 1962 (Pan American Health Organization,
Advisory Committee on Medical Research, unpublished
report)

Since other vector-borne diseases are much smaller
in scope than malaria, it may prove exceedingly
difficult to convince legislators of the need for a
concerted international control effort. Likewise, it
appears that there will be a general tendency for
vector control funds to be allocated on a cost/
benefit basis, and with regard to the ability of
vector control personnel to compete with other
agencies for always limited government funds.
Accordingly, it appears that the unused potential of
many agencies will have to be exploited in order to
obtain adequate financial support. This is especially
true because the control of many vectors has not yet
reached the point where it can be as specifically
time-limited as malaria eradication schemes. How-
ever, there is no doubt that effective vector control
programmes can be evolved by existing malaria
eradication organizations and that WHO is best
qualified and equipped to provide the much needed
technical assistance.
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RISUMt

Bien que les maladies transmises par des vecteurs
soient dans l'ensemble beaucoup moins repandues que la
malaria et que la lutte qu'elles n6cessitent ne se situe pas
a l'6chelle mondiale, il est certain que l'utilisation des
services de malariologie dans les programmes de lutte
contre les vecteurs de la filariose, de la trypanosomiase,
de la leishmaniose, de l'onchocercose, de la peste, du
typhus, de la fievre recurrente, de la fievre jaune et des
encephalites transmises par les arthropodes permettrait
non seulement de lutter plus efficacement contre ces
maladies, mais encore de faire entrer leur eradication
dans le domaine du possible.

I1 est cependant clair qu'il faut s'y prendre considera-
blement a l'avance pour organiser de faron complete un
tel changement de cap. En fait il serait souhaitable que
les pays ou territoires interess5s dans cette reconversion
la pr6parent bien avant la phase de consolidation de
leur programme d'eradication du paludisme, afin que la
transition s'effectue a la fois sans heurts et aussi vite que
possible.

Lorsque le paludisme a ete eradiqu6 dans une region,
l'on se trouve en face de deux eventualites: ou bien il
existe d'autres maladies transmises par des vecteurs, ou
il n'en existe pas. Dans le premier cas l'effort doit se

concentrer sur le ou les maladies les plus urgentes. Bien
que les principaux vecteurs soient souvent des moustiques
ou d'autres especes de dipteres, les techniques de pulve-
risation devront etre adaptees aux habitudes de l'espece
en cause et, dans certains cas, mieux integrees dans un
programme de chimiotherapie que cela n'a et6 necessaire
avec le paludisme.
Quant aux pays qui en sont aux premieres mesures

d'eradication du paludisme, on devrait les encourager a
etudier I'action eventuelle de la pulverisation insecticide
sur d'autres vecteurs (actuels ou en puissance). En prin-
cipe une telle etude devrait se poursuivre pendant toute
la duree du programme d'eradication du paludisme dans
la mesure ofu l'on dispose de temps et de personnel. Une
telle fagon de faire permettrait aux autorites sanitaires de
mieux connaitre la puissance des maladies transmises par
vecteurs pendant les phases de consolidation et d'en-
tretien.
Dans les pays ou le paludisme est la seule maladie

transmise par vecteurs il peut etre utopique de pretendre
obtenir des subventions pour la lutte contre les autres
vecteurs. Ceci est particulierement vrai pour les nouveaux
pays ou territoires, o'u de tels programmes seraient
difficiles a promouvoir et ne sauraient faire envisager de
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grosses d6penses lorsque existent des besoins sanitaires
plus urgents. D'un autre c6t6 l'on doit exercer une sur-
veillance continuelle contre l'importation ou la reintro-
duction du paludisme, en particulier dans les regions ou
des especes vectrices resistantes aux insecticides sont
encore pr6sentes.

Certains pays developpes ont pu lutter de facon plus
rationnelle contre les vecteurs grace a la destruction des
foyers. Bien que ce projet soit, dans de nombreux pays,
irrealisable, du moins sur une assez grande echelle, il
devrait entrer dans les programmes a plus lointaine
echeance et 8tre encourag6 partout ou la chose est possible.
Comme l'apparition de nombreuses et importantes

maladies transmises par des vecteurs (telles que la
filariose) peut etre due a de mauvais systemes d'egouts ou
a un niveau generalement bas de l'assainissement, les

insecticides ne repr6sentent qu'une ligne d'attaque et,
parfois, pas la plus efficace. Par consequent il serait
d6sirable et logique d'int6grer aussitot que possible ces
aspects differents de la lutte contre la maladie dans les
services sanitaires de base du pays consider6 et d'etendre
la surveillance epidemiologique A toutes les maladies, en
plus du paludisme. Un tel projet tient compte du fait que
dans certains cas il est impossible d'utiliser pour la seule
lutte contre les vecteurs l'organisation d'eradication du
paludisme. En outre un programme integre devrait
reduire le nombre de difficultes administratives et finan-
cieres auxquelles se heurterait, apres eradication de la
malaria, un programme de lutte contre les vecteurs. De
toute fagon l'aide financiere devra faire appel A l'exploi-
tation totale du potentiel non utilise de nombreux
organismes.
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