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Use of Repellents and Attractants
in Filariasis Control*

BRIAN HOCKING 1

The ways in which repellents and attractants could be used to interrupt the transmission
of bancroftian filariasis, especially by Culex pipiens fatigans, are assessed. Dimethyl
phthalate (DMP) is an effective repellent against C. p. fatigans. It is also very toxic to all
larval stages of Wuchereria bancrofti. The median lethal time to microfilariae of a solu-
tion ofabout 0.2 % in normal saline is about 10 minutes. Other stages are similarly sensitive.
Contact with DMP in very thin films is almost immediately lethal. It is highly unlikely
that infection could take place under ordinary conditions through skin treated with DMP
for at least many hours afterwards. This toxicity made it impossible to evaluate repellency
in vitro. An in vivo test of the effect of skin applications ofDMP on microfilaria counts
gave anomalous results. A schedule for filariasis control, involving education, garbage
disposal, rodent control, sewage disposal, and mosquito control, is proposed, and the
research needed to allow repellents and attractants to play a full role in such a schedule is
delineated.

INTRODUCTION

The terms " repellent " and " attractant " are here
interpreted in the broadest sense as any agent or
stimulus, chemical or otherwise, that determines the
direction of movement of an animal towards, or
away from, this stimulus.

Repellents and attractants have their most useful
impact at four points in the life-cycles of insects: at
mating, at feeding, at seeking of resting, hibernating
or estivating sites, and at oviposition. For mosquitos
the most important are probably blood-feeding by
the adult female and oviposition. There is little pub-
lished evidence of chemical sex attractants in mos-
quitos. Sounds of specific frequency influence mating
(Roth, 1948), however, and visual contours deter-
mine swarming (Downes, 1958), which is also con-
nected, albeit controversially, with mating; therefore,
a means of attack involving the senses of sight and
hearing is possible.
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What little evidence there is suggests that the prog-
nosis for attractants and repellents in the control of
the Culex pipiens L. complex, so important in filar-
iasis transmission, is good. In the conventional ap-
plication to the skin of a repellent as a personal
protection against the blood-feeding female, one of
the few tests ofmodem repellents against C. p. pipiens
(Clyde & Kingazi, 1957) gave a protection time for
diethyl m-toluamide more than four times that of
dimethyl phthalate, and within reach of giving con-
tinuous protection from a daily application. The
wide differences in blood-feeding habits of the forms
of this species suggest that it might be easy to divert
any one form from man. Experience and some pre-
liminary cage experiments in Rangoon during
August 1964 suggest that an evening application,
even of dimethyl phthalate, will protect against C. p.
fatigans Wiedemann at least until after the peaks of
biting (de Meillon & Sebastian, 1967) and of Wuche-
reria bancrofti (Cobbold) microfilaria counts in the
peripheral blood; interestingly, this compound does
not appear to repel males as effectively.
Most workers with this species have commented

on the odorous characteristics of its preferred ovi-
position sites. The possibilities of either masking
these with an olfactory repellent, or of competing
with them with an attractant to obtain oviposition in
an impossible larval habitat, are obvious. The chemi-
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cal stimuli of the water itself and of its dissolved
salts have been shown to be particularly relevant to
this species and offer other opportunities. Ikeshoji
(1966) has made substantial progress in Rangoon in
characterizing both the volatile and the non-volatile
components of stimuli.

It must be admitted that in Rangoon at present,
the prospect of competing with what must be the
greatest concentration of ideal oviposition sites for
C. p. fatigans ever assembled seems remote, but the
development of an ideal standard oviposition site
would have other uses. This will involve other stimuli
besides chemical ones.

Loftin's (1920) differential trapping of this mos-
quito in black boxes suggests that even its daytime
resting habits might be exploited as a behavioural
point at which an attractant weapon could be ap-
plied. Further work on this must await the progress
of WHO Filariasis Research Unit studies on resting
habits in the field.
The possibilities of the use of repellents against

W. bancrofti itself are worth considering. Although
there is no evidence (Menon & Ramamurti, 1941), it
seems possible that chemotactic responses are in-
volved in the behaviour of filariae in the vertebrate
host, just as they are in the behaviour of mosquitos.
The habits and biology of this animal differ so

profoundly from those of mosquitos that the genera-
lizations made above about the life stages against
which attractants and repellents could operate do not
apply. However, despite our rather sketchy know-
ledge of the life-cycle of this animal two points at
which repellents might be used suggest themselves at
once: firstly, the nocturnal aggregation of micro-
filariae in the peripheral blood of man might be pre-
vented by the application of a repellent chemical to
the skin; secondly, since infective larvae are not in-
jected by the mosquito but are deposited on the skin
and make their own way in (Yamada & Komori,
1926; Menon & Ramamurti, 1941), either a similar
application or a systemic repellent given by mouth
might prevent this.

Practically nothing is known of the chemical senses
of filarial worms, but the primitive nature of the
chemical senses generally suggests that resemblances
between them in mosquitos and filariae are not un-
likely. An obvious place, then, to start looking for
repellents for filariae is among known mosquito re-
pellents, especially since many of these show no evi-
dence of specificity. A single material might thus
have a quadruple function, repelling both worm and
mosquito at both pick-up and delivery.

A preliminary exploration of this possibility was
made in Rangoon during August 1964.

EXPERIMENTS WITH MICROFILARIAE AND REPELLENTS

In vivo experiments
Mr Maung Thein, one of the Unit's insect col-

lectors with a high microfilaria count, volunteered
for service and was subjected to the regime shown
in Table 1.
Some of the blood samples were used in the pre-

paration of slides for microfilaria counts by standard
methods, and others were diluted in 0.5 ml of normal
saline and refrigerated until used for in vitro tests
with repellents (see below). At least one sample was
used in each way on each day except on 26 August,
when no in vitro tests followed. Counts from portions
of the diluted samples were extrapolated to corro-
borate the standard counts. Blood was taken from
the middle finger pricked with an automatic needle
set to a depth of 0.8 mm. The finger was thoroughly
cleaned of repellent (dimethyl phthalate) before sam-
ples were taken. The repellent was applied to the
arms below the elbow and the legs below the knee
with an eye dropper and was spread with the subject's
hands. 6 ml were used for each application, giving
a dose of approximately 0.56 mm3/cm2 of skin sur-
face. The results are shown in Table 1.
These results give no evidence of repulsion of

microfilariae from the blood by dimethyl phthalate.
They do suggest that skin applications can affect
microfilaria counts. The striking increases in counts

TABLE 1

EFFECT OF SKIN APPLICATIONS OF DIMETHYL
PHTHALATE ON W. BANCROFTI MICROFILARIA COUNT

IN PERIPHERAL BLOOD

Date

Aug. 20

Aug. 21

Aug. 22

Aug. 23

Aug. 24

Aug. 25

Aug. 26

Treatment Microfilaria count
at 18.30 hours (mean) a

None 179

None 184

None

6 ml repellent

6 ml repellent

6 ml repellent

None

200

345

204

201

341

a Mean of three blood samples, each of 20 mm3, taken at
21.30 hours.
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at changes in regime, in view of the known effects of
the emotions on peripheral circulation, may indicate
a psychosomatic action. It should be noted that
recent evidence on absorption and metabolism of re-
pellents suggests that other materials, and especially
diethyl m-toluamide, are likely to be more effective
in this way.

In vitro experiments

Attempts to study the behaviour of microfilariae
of W. bancrofti in saline solutions containing di-
methyl phthalate in a range of concentrations failed
because, in any measurable concentration of repel-
lent, the microfilariae died in a very short time. In
normal saline alone, they survived for up to 72 hours.
In view of this an attempt was made to measure the
toxicity of dimethyl phthalate to microfilariae.

DIMETHYL PHTHALATE AS A FILARICIDE

Microfilariae

Since only volumetric equipment was available for
the micro-quantities that it was necessary to use,
normal saline was saturated with dimethyl phthalate 1
by repeated shaking, and this solution was then di-
luted in varying proportions with normal saline.
Tests were conducted on 3 in x 1 in (7.6 cm x 2.5 cm)
microscope slides to which two rings of 14-mm inside
diameter cut from polyethylene sheet 100-p thick
were cemented. When covered with circular cover-
slips, these chambers had a capacity of 15.4 mm3 and
at the dilutions used this volume of saline contained
up to 12 microfilariae. One chamber on each slide
was used for the test (DMP) and the other for a con-
trol. With very oblique lighting against a black back-
ground the two chambers could be scanned rapidly
under a binocular microscope at a magnification of
x 25; x 50 was used when there was doubt about the
death of a worm. The results of these tests are given
in Table 2, and may be summarized in the statement
that the median lethal time of dimethyl phthalate at
0.2% concentration to microfilariae of W. bancrofti
is about 10 minutes.
While we were developing this method of test,

microfilariae often came into contact with very thin
films (0.1 MM3/cCM2) or minute droplets of dimethyl
phthalate itself. Whenever they did so, they died
almost instantaneously.

1 Dimethyl phthalate is soluble in water to about 0.43 %
at 200C.

TABLE 2
TOXICITY OF DIMETHYL PHTHALATE (DMP)

TO W. BANCROFTI MICROFILARIAE AND LARVAE
IN SALINE AT 80°F-85°F (26.70C-29.40C)

Approx. Time after Mortality (%) in No. of
DMPapplication W. ~~bancrofli used

coc apliaion) _________________
(%) (min) Test Control Test Control

Microfilariae

0.1 4 90 0
5 100 O 10 10

60 100 O

0.15 < 60 100 20 23 25

0.2 2 25 0
5 38 0
10 56 0 33 31
25 78 0
100 100 3

0.4 5 62 0 7
40 76 0

Stage I larvae

0.4 1 50 0
3 100 25 4 4
72 100 25

Stage II larvae

0.4 1 80 25 4
4 100 50

Stage III larvae

0.4 1 67 25
4 100 50 3 4

75 100 50

Stage I to stage III larvae
Tests with stage I to stage III larvae were much

less satisfactory, as there was no time to develop large
populations of infective larvae by feeding mosquitos
on men with high microfilaria counts. It was neces-
sary to rely on specimens of various stages dissected
out of female mosquitos collected in " likely " locali-
ties, and I am most grateful to the team of workers
who undertook this.
The technique used was similar to that with micro-

filariae, except that it was necessary to handle the
worms individually with the hooked point of a very
fine needle in transferring them from the saline in
which they were dissected to the test saline. This
resulted in a higher than nqrmal mortality in the con-
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trols. The results are included in Table 2; clearly, the
toxicity of dimethyl phthalate to these developing
larvae is of the same order as that to microfilariae.
Again, when larvae came into direct contact with
minute amounts of dimethyl phthalate, they died
almost instantaneously.

CONCLUSIONS

Repellents and attractants would fit into a sequen-
tial programme of filariasis control, in a situation
like that in Rangoon, as follows:

Education. The most carefully planned and so-
phisticated measures of sanitation, mosquito con-
trol, and drug administration may be negated by an
ignorant public. The use of repellents is no exception;
educational preparation is necessary. Propaganda
on the use of repellents, previously made available
in a suitable formulation and packaging and at a
suitable price, would be appropriate at this stage.

Garbage disposal. Any attempt to repair drains in
the presence of large populations of rats and bandi-
coots or to control rats in the presence of abundant
food supplies in ubiquitous and uncollected garbage
would be a waste of time. Efficient collection and
disposal of garbage must precede both rodent con-
trol and sanitary engineering.

Rodent control. This must be accomplished before
maintenance work on earth-drainage sustems can
usefully begin. The development of attractant addi-
tives for rodent baits is needed.

Sewage disposal and drain maintenance. Only at
this stage can reduction in mosquito populations be
expected to start. At this stage, then, it would be
useful to have available a standard ideal oviposition
site, in order to assess the progress of mosquito con-
control and perhaps contribute to it.

Mosquito control by insecticides. So long as larval
habitats remain abundant, any gains obtained in
mosquito reduction by the use of insecticides are
likely to be offset by the development of resistance to
the material used. Similar considerations apply to
drug administration. These procedures should not
be widely used until progress has been made in the
four preceding aspects.

Research needs

Before such a control programme can be fully im-
jplemented, many gaps in our knowledge need to be
filled,

The first and most obvious need is for a simple
morphological study of the distribution of receptor
organs, especially chemo-receptors, of adult C. p.
fatigans. Apart from Halcrow's (1953) study of the
tarsi of C. pipiens, this has been largely neglected. A
comparative study of the male and female of two or
more subspecies should be made and should include
the receptors on the antennae, tarsi, mouthparts
(especially the labrum), cibarium and genitalia.
Despite the obvious importance of this, no adequate-
ly detailed study has been made of both sexes of any
insect in which only the female sucks blood.
The results of this work should illuminate known

differences in behaviour in the field, both between
the sexes and between subspecies, and provide the
background for physiological and behavioural studies
aimed at defining the specific stimuli required for
blood-feeding and oviposition especially.
A similar study on larvae is needed for other rea-

sons and might be pertinent in view of the importance
of differences in larval-feeding behaviour demon-
strated by Shannon & Putnam (1934).
An understanding of the host-finding and blood-

feeding behaviour of mosquitos generally is gradu-
ally being built up. This now needs to be refined to
the species level. Much of the controversy on these
matters seems to be due to specific differences, in
particular to differences between domestic and
"wild" species (Hocking & Khan, 1966). Along
with this work should go an elucidation of the mode
of action of the traditional repellents for skin applica-
tion, which may in turn lead to such developments as
systemic and space or area repellents. The whole
story has not yet been told on the role of lysine or sex
hormones as attractants; the ability of mosquitos to
discriminate between men and women is obviously
important in view of the differential incidence of
filariasis between the sexes.

In view of the known monthly periodicity in the
attractiveness of women to mosquitos and the differ-
ential incidence of filariasis between men and women,
the question of periodicity in mosquito activity and
behaviour is obviously an important one. It would
be of great interest to know, for example, how ovi-
position, emergence, mating, and blood-feeding are
affected by the phase of the moon, if at all.
We have a fair knowledge of diurnal periodicities

of filariae, although not of the mechanisms, but it
would also be of interest to know the extent to which
microfilaria -counts and, finally, the sleeping -habits
of men and women of various racial origins vary
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with lunar phases. Some of these questions could be
answered without further observation or experiment,
by the simple juxtaposition of lunar data and any
existing entomological and medical data for which
dates are available.

Similar studies on oviposition behaviour are also
called for and may lead to the development of an
oviposition repellent. Since traditional skin repel-
lents have no specificity for blood-feeding behaviour
(Khan, 1965), we may not have far to seek.
The very preliminary data reported here on the

effect of mosquito repellents on filariae appear to

justify similar tests of a number of materials. Perhaps
at the start these could be ad hoc tests, but we need
to know more of the behaviour of infective-stage
filariae and the means whereby they achieve penetra-
tion. This surely is a key process. When it is under-
stood we may be able to design a filaria repellent. It
is perhaps appropriate, in view of the apparently
greater susceptibility of dark-skinned people to this
disease, that such people have a natural advantage in
this study; everybody who has watched these worms
knows how much easier they are to observe against
a dark background.
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RtSUMMt

L'influence des facteurs d'attirance ou de repulsion
est la plus nette A quatre periodes de la vie des insectes:
lors de l'accouplement, de l'alimentation, de la ponte et
de la recherche de lieux de repos, d'hibemation ou
d'estivation. Chez les moustiques, ce sont les moments
du repas de sang de la femelle et de la ponte qui sont les
plus importants. Les lieux de ponte pr6f6r6s ont des
caracteristiques odoriferantes qu'il serait possible de
masquer par des produits repulsifs, ou de concurrencer
par l'usage de substances attractives incitant les femelles
A pondre en des lieux oui le developpement larvaire est
impossible.

L'application cutan6e de diethyl m-toluamide comme
repulsif protege contre le moustique femelle quatre fois
plus longtemps que l'application de phthalate de
dimethyle qui donne dejA des resultats appreciables.
La possibilite d'un mecanisme similaire de perception

des substances chimiques chez les moustiques et les
filaires a suggere l'etude de l'action des r6pulsifs sur
Wuchereria bancrofti. L'application sur la peau de

phthalate de dimethyle n'affecte guere le nombre de
microfilaires trouve dans les prelevements. In vitro, le
produit s'est montre actif sur les microfilaires 'a toute
les concentrations. Une solution a 0,2% tue les micro-
filaires de W. bancrofti en 10 minutes environ. Un
contact avec le produit pur les tue instantanement. Le
phthalate de dimethyle a une efficacite tout aussi marquee
sur les larves, a tous les stades de leur developpement.

L'emploi de produits attirants ou repulsifs pourrait
etre inclus dans un programme de lutte contre la filariose.
11 faut, dans ce but, informer la population et mettre ia sa
disposition des repulsifs sous une forme pratique;
adopter des mesures de destruction des ordures, de lutte
contre les rongeurs, d'entretien des egouts, afin de
diminuer le nombre de lieux de ponte; enfin s'attaquer
aux moustiques i I'aide d'insecticides. Avant de realiser
un tel programme, de nombreuses recherches sont encore
n6cessaires, plus particulierement sur les chimiorecep-
teurs de C. p. fatigans adulte et sur le r6le que pourraient
jouer les produits attirants ou repulsifs.
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