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facturing plants appear to be in the United States
of America, where synthetic substances are favoured
by government policy in relation to self-sufficiency
(in case of war, etc.). Some prices quoted recently
were: allethrin, commercial grade (about 90 %),
$36 per pound; pyrethrins (20% concentrate,
deodorized), $10.60 per pound (i.e., $53 per pound
active principle). Allethrin is therefore cheaper, but
not in proportion to the greater concentrations

needed to compete with synergized pyrethrins for
flies or with unsynergized pyrethrins for other
insects. Only the discovery of a much more effective
allethrin synergist or a reduction in price would
make the synthetic insecticide seriously challenge
the natural one, in normal circumstances (Goodwin-
Bailey q). The complexity of the manufacturing
process would seem to make a substantial price
reduction unlikely.

Resistance to Pyrethrins *
by J. R. BUSVINE, London School of Hygiene and Tropical Medicine, London, England

Resistance developed in the field
Pyrethrum resistance, at a level which appreciably

affects control measures, has very rarely developed
in the field. Indeed, there seem to be only two
instances of this:

1. Strains of cockroaches collected from various
parts of the United States of America were mostly
found to possess low levels of pyrethrum resistance;
but in one case, the level of resistance reached
13 or 30 times the normal level (the two figures refer
to different test methods used by Keller et al.a).
According to Spear (quoted by Brown ), this colony
required substitution of sodium fluoride for field
control.

2. Houseflies in Sweden, having become resistant
to chlorinated-hydrocarbon insecticides and para-
thion, were controlled by synergized pyrethrum for
about a year; but eventually the pyrethrum spray
began to fail. Laboratory tests by Davies et al.c
revealed a resistance of 11 to 14 times the normal
to ordinary pyrethrins and 11 times to synergized
pyrethrins.

It is noteworthy that both the cockroaches and
the flies had developed resistance to other insecti-
cides in the field prior to the discovery of the pyre-
thrin resistance. There are other records of pyre-
thrin resistance being discovered in the laboratory
in strains taken from the field after developing

* Revised version of note submitted to WHO Expert
Committee on Insecticides, September 1959.
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c Davies, M. et al. (1958) Nature (Lond.), 182, 1816

resistance to chlorinated compounds. Thus, DDT-
resistant flies from Torre in Pietra, Italy, were found
to show a 5-fold pyrethrin resistance (Busvined).
Again, strains of resistant bed-bugs showed pyre-
thrin tolerance up to 10 times the normal. The level
was roughly correlated with the DDT resistance, in
different strains (Busvinee).
Whiteheadf has found that a strain of the blue

tick (Boophilus decdoratus) which was resistant to
DDT was definitely resistant to pyrethrins (x 18),
whereas other strains resistant to BHC or to BHC
plus arsenite had a pyrethrin tolerance only 2 or 3
times the normal.
Lowered sensitivity of human body lice to pyre-

thrum powder was discovered in some instances
in the very large surveys conducted by Wright &
Brown g and Nicoli & Sautet h. In most cases the
pyrethrin-tolerant lice showed some DDT resistance,
but there was no correlation between the levels of
resistance to the two types of insecticide.

Resistance developed in the laboratory
There are a few records of development of pyre-

thrum resistance in houseflies by selection on a
normal colony. Thus, Decker & Brucei reached a
20-fold and Harrisoni a 5-fold increase. In both
instances there was some raising of resistance to
chlorinated-hydrocarbon insecticides.

d Busvine, J. R. (1951) Nature (Lond.), 168, 193
e Busvine, J. R. (1958) Bull. Wid Hith Org., 19, 1041
f Whitehead, G. B. (1959) Nature (Lond.), 184, 378
g Wright, J. W. & Brown (1957) Bull. Wld Hlth Org., 16, 9
h Nicoli, R. M. & Sautet (1955) Monogr. Inst. nat. Hyg., 8
i Decker, G. & Bruce (1952) Amer. J. trop. Med. Hyg.,
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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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