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It has also been noticed that selection for resistance
to DDT, etc., may incidentally raise resistance to
pyrethrins, though generally to low levels only.
Busvine k, however, showed some evidence of cor-
relation between the level of pyrethrin resistance
(which reached 11.5 times the normal level) and
DDT tolerance, especially resistance to knock-down.
On the other hand, resistance to chlorinated

hydrocarbons or organo-phosphorus compounds
need not necessarily involve pyrethrin resistance
(D'Alessandro et al. j; Decker & Brucei; March
et al.rm).

k Busvine, J. R. (1953) Nature (Lond.), 171, 118
1 D'Alessandro, G. et al. (1952) Riv. Parassit., 13, 169
m Unpublished working document WHO/Insecticides/59

Conclusions

1. Pyrethrin resistance is not common and, so far,
has been of a low order (x 20 or less). However,
in at least two cases this has been sufficient to vitiate
its insecticidal efficacy in practice.

2. It seems that pyrethrin resistance alone is not
known, despite its common use prior to the discovery
of the modern synthetic insecticides. This may be
due merely to its relatively feeble selective powers
in the absence of a long residual insecticidal action.

3. Several observations point to an association
between pyrethrin resistance and DDT resistance in
certain strains of houseflies, bed-bugs and cattle ticks.

Use of Pyrethrum Spraying for Malaria Control *
by J. R. BUSVINE, D.Sc., London School of Hygiene and Tropical Medicine, London, England

For many years antimalarial schemes based on
vector control relied upon measures against the
larvae. The use of pyrethrum sprays to kill adult
mosquitos was a later development which was tried
in a number of field trials in the decade between
1935 and 1945. The obvious success of DDT and
other residual insecticides seemed to relegate this
method to a status of merely historical interest;
but the growing threat of resistance suggests that
we may not always be able to depend on these new
synthetic insecticides. It is, therefore, desirable to
re-examine other possibilities.

Field trials of pyrethrum spraying as an anti-
malarial measure have been conducted in South
Africa (Zululand), West Africa (Gold Coast (now
Ghana) and Nigeria) and various parts of India
(Madras, Assam, Orissa, Delhi and Bombay State).

Trials in Zululand: A. gambiae, A. funestus
One of the earliest large-scale trials was described

by Park Ross,a up to 45 000 Native huts being
involved. The maximum staff engaged were 9
European supervisors, 60 foremen and 300 sprayers.
Pvrethrins (0.1 %) were sprayed once a week at

* Note submitted to the WHO Expert Committee on
Insecticides, September 1959.

a Ross, G. A. P. (1936) Quart. Bull. Hlth Org. L. o. N.,
5, 114

100 ml per 1000 cubic feet (1 ml per 1000 cubic
feet = 2.83 ml per 100 m3), the cost working out
at 2.75d. (US$ 0.03) per head of population per
month. No detailed results are given but the method
was said to " hold down " fever and was cheaper
than oiling.

De Meillon b conducted a small trial (33 huts)
in the same region. He showed progressively better
control of malaria (spleen and parasite rates) as
spraying was increased from once to twice or seven
times a week.

Trials in Delhi: A. culicifacies

Results of a two-year trial of spray killing of
adult mosquitos are described by Covell et al. C
Villages in the Delhi area comprising a total popu-
lation of about 2000 were involved. The insecticide
contained 0.1 % pyrethrins sprayed at 2 ml and
later 1 ml per 1000 cubic feet. Two treatments a
week were carried out throughout the three-and-a-
half-month malaria transmission season. The cost
per caput amounted to 4y2d. (USS 0.05), or Is. 3d.
(US$ 0.15) per month. The results were a small
decline in spleen rates and a marked reduction (to

b Meillon, B. de (1936) Quart. Bull. Hlth Org. L. o. N.,
5, 134

c Covell, G. et al. (1938) J. Malar. Inst. India, 1, 105
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about half) of the fever cases treated in the sprayed
villages.

Trials in Madras: A. culicifacies

Experiments over a period of four years were
done in villages by Russell & Knipe d-f and Russell
et al.s The scale of the trials ranged from approxi-
mately 1500 people in 500 huts to about double
these numbers. The insecticide sprayed was either
0.1 % pyrethrins, from a commercial concentrate,
or preparations from locally grown pyrethrum.
Doses were 25-30 ml per 1000 cubic feet, sprayed
once or twice a week throughout the malaria season
(about 22 weeks). The cost per caput per season in
the first year was about 1 rupee (ls. 6d.); but this was
gradually reduced by 3 annas (3.4d.; US$ 0.04),
i.e., a reduction from 3.3d. (US$ 0.04) to 0.6d.
(USS 0.006) per month.
The effects on mosquito catches were not pro-

nounced but there was a distinct improvement in
spleen and parasite rates. (Villages sprayed for
three seasons were reduced from parasite rates of
57%, 15% and 71 % to 0, 1.3% and 1.6% respective-
ly, despite a rise in rates of untreated villages.)

Trials in Assam: A. minimus

Viswanathan h' describes trials in tea estates in
Assam. About 2600 people in 250 huts were in-
volved. The spray was 0.1 % pyrethrins at 1 ounce
(28 ml) per 1000 cubic feet, used once or twice a
week. This achieved a considerable reduction of
mosquitos and the population remaining was
shown to be of younger average age by observations
of wing fraying, ovarian development and gut
content. Both reduction of numbers and average
age of mosquitos were more pronounced in areas
sprayed twice weekly than once weekly.
The effects on malaria were reduced parasite

rates in children and reduction of the average spleen
enlargement (though total spleen rates were not
affected). The total costs per caput were about
1 '/3 annas (1 Y/2 d., US$ 0.017) per month over an
eight-month season.

d Russell, P. F. & Knipe, F. W. (1939) J. Malar. Inst.
India, 2, 229

e Russell, P. F. & Knipe, F. W. (1939) J. Malar. Inst.
India, 3, 531

f Russell, P. F. & Knipe, F. W. (1941) J. Malar. Inst.
India, 4, 181

g Russell, P. F. et al. (1943) J. Malar. Inst. India, 5, 59
h Viswanathan, D. K. (1941) J. Malar. Inst. India, 4, 35
i Viswanathan, D. K. (1942) J. Malar. Inst. India, 4, 293

A few years later, Ribbands i conducted experi-
ments in another tea estate in Assam. He concluded
that an important effect of pyrethrum spraying was
its repellent effect, which prevented about 90%
of the usual A. minimus entry on the night following
spraying and lasted (in diminished degree) for a
few more days.

Trials in Orissa: A. fluviatilis
Some small trials against railway workers in

Orissa and Bihar are described by Senior White
and colleagues. k, I About 130 people in 60 huts
were involved. The spray (concentration not given)
was used, three to six times a week, according to
various elaborate schedules relating to ovarian
cycle. There was a considerable reduction in
mosquito catches and the spleen rate was reduced
to about half.

Trials in Bombay State: A. fluviatilis
In a paper on mosquito resting-places, Viswana-

than et al.m mention a trial in North Kanara
district. They state that twice-weekly pyrethrum
spraying reduced the numbers of A. fluviatilis but
catches were still appreciable. Infection rates of
the mosquitos were reduced but the incidence of
malaria continued to rise.

Trials in the Gold Coast: A. gambiae
During the Second World War, numerous non-

immune European troops were sent to highly
malarious parts of West Africa. Eddey n describes
the use of pyrethrum spraying as a protective mea-
sure. About 17 000 people living in 7000 room
units were involved. Various insecticides were
used, the most satisfactory being pyrethrins (0.05 %)
in kerosene or the use of aerosol bombs. The
kerosene spray was used at about 35 ml per
1000 cubic feet once or twice a week, the cost per
caput being 4 i/2 d. (US$ 0.05) per month.
The malaria incidence among Europeans fell by

about 60% compared to a 50% fall elsewhere in
West Africa, where only drugs and screening were
employed. The extra improvement occurred despite
a bad season for mosquitos. There was a little

i Ribbands, C. R. (1946) Bull. ent. Res., 37, 163
k White, R. S. & Venkat Rao (1944) Indian Med. Gaz.,

79, 364
1 White, R. S. et al. (1945) J. Malar. Inst. India, 6, 129
m Viswanathan, D. K. et al. (1944) J. Malar. Inst. India,

5, 449
n Eddey, L. G. (1944) Trans roy. Soc. trop. Med. Hyg.

38, 167
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evidence of benefit in African children from the
reduced parasite rates in a small sample.

Trials in Nigeria: A. gambiae, A. melas

In a paper on malaria in West Africa, Muirhead-
Thomson o remarks that, in villages near Lagos,
pyrethrum spraying, even at four or six days a
week, failed to bring about a substantial reduction in
either the number of anophelines or their infectivity.

General conclusions

1. The use of pyrethrum sprays can substantially
reduce malaria transmission, at least in some parts
of the world. The use of 0.1 0% pyrethrins in kerosene
sprayed at about 20 ml per 1000 cubic feet, prefe-
rably twice a week, is necessary. The effectiveness
of the method could probably be greatly improved
by the use of modern synergists and better sprayers.
It is not at present clear to what extent the bene-
ficial effects of pyrethrum spraying depend on (a)
reduction of numbers of vectors; (b) shortening of
the life expectation of the vectors; (c) repelling them
from entering houses (See White et al.1).

2. While residual synthetic insecticides are effect-
ive, they are not likely to be challenged by pyrethrum.
This is not so much on grounds of cost, because the

o Muirhead-Thomson, R. C. (1947) Trans. roy. Soc.
trop. Med. Hyg., 40, 511

actual pyrethrum is less expensive than might be
imagined (even allowing for considerable increases
since the trials described were done; in some cases
economies could be made by using locally grown
pyrethrum).
The main objection to pyrethrum sprays is the

frequency of application. Apart from labour
costs (which in some countries could be alleviated
by village self-help schemes), the difficulty of orga-
nizing such regular treatments on a national scale
would seem to preclude this method as a way of
achieving malaria eradication.

3. What, then, are the future possibilities of
pyrethrum for malaria control? There are three
possible uses, all connected with insecticide resis-
tance:

(a) If vectors become resistant to both types of
chlorinated residual insecticide, pyrethrum sprays
might perhaps be considered as alternatives to
organo-phosphorus compounds. On existing
results (mainly over 15 years old) they do not look
as effective; but further investigation with modern
synergists and equipment are required.
(b) Admixture of pyrethrins with residual sprays
would destroy resistant bed bugs and (for a short
time) houseflies. This would greatly assist public
relations in antimalaria spray campaigns.
(c) It is conceivable that such a mixture might
help to suppress emergence of resistant strains of
mosquito.

Use of Pyrethrum in Vector Control *
by Dr RAJINDAR PAL, Deputy Director (NMEP), Malaria Institute of India, Delhi, India

Since the advent of organic synthetic insecticides,
pyrethrum has been pushed to the background.
However, as with many new products, expectations
have tended to outrun performance and not all
authorities have subscribed wholeheartedly to
the optimistic views concerning the organic synthetic
products (Feuell, 1957). For example, it was pointed
out that pyrethrum possessed certain useful proper-
ties not shared by chlorinated hydrocarbons, such
as a quick knock-down effect, and toxicity to
insects resistant to organic synthetic insecticides

* Note submitted to the WHO Expert Committee on
Insecticides, September 1959.

combined with non-toxicity to man. In view of
these properties, pyrethrum may be an effective
insecticide for vector control and it would seem
that insufficient attention has been paid to it.
Pal (1953) has discussed the use of pyrethrum in
malaria control, and the present paper covers other
possible use of this insecticide in vector control.

Bed-bugs

The addition of pyrethrins to residual insecticides
has been found to be effective in the control of
insects such as bed-bugs which tend to hide in
crevices during the day. The pyrethrins tend to
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