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Genetics of resistance to permethrin in Anopheles stephensi
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Pyrethroid resistance has been viewed as a very serious
threat to the future of malaria vector control1. However,
recently two contrasting outcomes have been reported
where resistance has been reported in Anopheles ma-
laria vectors. In West Africa a high frequency of the kdr
gene in Anopheles gambiae has not prevented good
results with pyrethroid treated bednets in laboratory
simulations2, in experimental huts3,4 and in malaria con-
trol trials in villages5. However, in South Africa, pyre-
throid resistance in An. funestus due to a metabolic
mechanism6,7 had a serious impact on the indoor resid-
ual spraying programme using a pyrethroid and a steep
rise in malaria cases was only reversed by switching
back to spraying DDT8 to which the metabolic mecha-
nism does not confer resistance.

Thus there seems to be a crucial difference between
the impact on control operations of resistance due to
kdr and to at least one type of metabolic resistance. It
is of interest, therefore, to assess when kdr and a
metabolic resistance gene occur together in the same
insect whether one or the other has a predominant ef-
fect in causing resistance, or whether they act like
polygenes, each contributing a limited amount to the
overall resistance.

We have such a multi-resistant strain in An. stephensi
from Dubai origin which carries both kdr9 and a gene

for an elevated P-450 oxidase mechanism10 and pos-
sibly other metabolic mechanisms.

We observed the relationships of mortality to time of
exposure to 0.25% permethrin papers of the labora-
tory selected Dubai resistant stock (Dub234), a sus-
ceptible An. stephensi stock of Indian origin (Beech)
and the Fl hybrids from crossing female Dub234 to
male Beech. The data on probit mortality and log time
scales are shown in Fig. l with 95% confidence limits
based on the variation between replicates. Resistance
shows intermediate dominance. A backcross was
made of the F1 hybrid males to the females of the
Dub234 stock and the observed data for the back-
cross at a series of exposure times are shown in Fig.
2. There are definite signs of a “kink” at about 50% in
the dose response relationship, suggesting the action
of a major resistance gene.

On Fig. 2 have been marked the expected relationship
if there was only a single gene operating so that the
backcross progeny would consist of 50% like the Fl
and 50% like the Dub234 stock. Also shown is the
straight line relationship expected if several polygenes
of small effect were contributing to resistance and seg-
regating freely in the backcross progeny. The 95%
confidence limits, calculated as above, on the ob-
served data in several cases overlap with both of the
hypothetical lines. However, in our judgement there is* Corresponding author
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Fig. 1: Time-mortality (computed linear regression lines) for the susceptible (Beech) and the resistant
(Dub234) strains of Anopheles stephensi and the F1 from crossing them. 95% confidence limits are
attached to the mean mortality at each exposure time based on the arcsine transformed mortalities
in each of a series of replicates

a better fit with the hypothesis of control by a single
major gene. We tentatively conclude that either the
kdr or the P-450 gene is having a predominant ef-
fect on the resistance. However, these data do not
exclude an appreciable contribution from the other
mechanism.

The question of whether it is the kdr or the P-450
gene which is predominant could be approached by
testing the kdr genotype in the backcross progeny
which survive long exposures11. Conversely the effect
on the shape of the dose response curve of a synergist
which blocked P-450 would be informative.
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Fig. 2: Time mortality regression lines for the Beech, F1 and Dub234 mosquitoes repeated from Fig. 1
and the observed data, with 95% confidence limits, for the backcross of the F1 to the Dub234
stock. Also shown are the expectations for the backcross on the hypotheses (kinked line) of sin-
gle major resistance gene giving a 1:1 ratio like the F1 and like the Dub234 stock or (thin straight
line) for polygenic control of resistance

We also bred a F2 by intercrossing the Fl males and
females. The dose response data (not shown) and the
hypothetical relationships for a single major gene—a
1:2:1 ratio of SS:RS:RR or polygenes are all so close to
a straight line that these data do not help to decide the

question about whether a single resistance gene is
predominant.

Acknowledgement

We thank Barbara Sawyer for assistance with mosquito



HODJATI & CURTIS :  PERMETRHIN RESISTANCE IN AN. STEPHENSI 63
rearing. Financial support to M.H.Hodjati was provid-
ed by the Ministry of Health of the Islamic Republic of
Iran and Tabriz Univesity of Medical Sciences.

References

1. Curtis CF, Miller JE, Hodjati MH, Kolaczinski JH,  Ka-
sumba JH. Can anything be done to maintain the effec-
tiveness of pyrethroid impregnated bednets against ma-
laria vectors? Philosophical Trans R Soc London, Ser B,
Biological Sci 1998; 353 : 1769–75.

2. Chandre F, Darriet F, Duchon S, Finot L, Manguin S,
Carnevale P, Guillet P. Modification of pyrethroid effects
associated with kdr mutation in Anopheles gambiae.
Med  Vet Entomol 2000; 14 : 81–8.

3. Darriet F, Guillet P, N’Guessan R, Doannio JMC, Koffi A,
Konan LY, Carnevalle PC. Impact de la résistance
d’Anopheles gambiae s.s. à la permethrine et à la delta-
methrine sur l’efficacité des moustiquaires impregnées.
Médicine Tropicale 1998; 58 : 349–54.

4. Darriet F, N’Guessan R, Koffi  A, Konan  L, Doannio
JMC, Chandre F,  Carnevall PC.  Impact de la résistance
aux pyrethrinoïdes sur l’efficacité des moustiquaires im-
pregnées dans la prevention du paludisme: resultats des
essais en cases expérimentales avec la deltamethrine SC.
Bulletin de la Societé de Pathologie Exotique 2000; 93 :
131–4.

5. Henry MC, Carnevale P, Assi  SB, Dossou-Yovo J, Rogi-
er C,  Guillet P. The challenge of malaria control in an
area of pyrethroid resistance in Cote d’Ivoire, efficacy of

lambdacyhalothrin treated nets against malaria infection
and disease. Submitted to Trans R Soc Trop Med Hyg.

6. Hargreaves K, Koekemoer LL, Brooke BD, Hunt RH,
Mthembu J, Coetzee  M.  Anopheles funestus resistant to
pyrethroid insecticides in South Africa. Med Vet Ento-
mol 2000; 14 : 181–9.

7. Brooke BD, Kloke G, Hunt RH, Koekemoer LL Temu EA,
Taylor ME,  Small G, Hemingway J, Coetzee M. Bioassay
and biochemical analyses of insecticide resistance in
southern African Anopheles funestus (Diptera : Culi-
cidae). Bull  Entomol Res 2001;  91 : 265–72.

8. Roberts DB, Curtis CF, Tren R, Sharp B,  Baite R. Use of
DDT for malaria control produces great public health
benefit. Emerging Infect Dis (in press).

9. Enayati AA, Vatandoost H, Ladonni H, Townson H,
Hemingway J.  Molecular evidence for a kdr-type pyre-
throid resistance mechanism in the malaria vector mos-
quito Anopheles stephensi. Med Vet Entomol 2003; 17:
138–44.

10. Sivananthan T, Townson H, Ward SA. A possible role
for cytochrome p-450 enzymes in resistance of
anopheline mosquitoes to pyrethroid insecticides. Trans
R Soc Trop Med Hyg (abstract) 1992; 89 : 346.

11. Kolaczinski JH, Fanello C, Hervé JP, Conway DJ, Carnev-
ale P, Curtis CF.  Experimental and molecular genetic
analysis of the impact of pyrethroid and non-pyrethroid
insecticide impregnated bednets for mosquito control in
an area of pyrethroid resistance. Bull Entomol Res 2000;
90 : 125–32.


