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MALATHION RESISTANCE IN ANOPHELES STEPHENSI
LISTON IN LAHORE, PAKISTAN

HAMAYUN R. RATHOR anp GHAZALA TOQIR
Pakistan Medical Research Center, International Health Program, University of Maryland,

School of Medicine, 6

ABSTRACT. The Lahore area of Pakistan
has been under malathion spraying pressure
since 1976 at the rate of two treatments per
year, 1 gm/m? per round. Susceptibility tests on
An. siepliensi from Lahore with 5% malathion (1
hour exposure) showed an average survival of
68.95% indicating the presence of resistant in-

INTRODUCTION

Anopheles stephensi and An. culicifacies
are major vectors of malaria in Pakistan
and neighbouring countries. In Pakistan,
DDT was used for mosquito control from
1961 to 1975 (2 cycles/year, 1-2gm/m?).
In the early 1960’'s DDT showed good
control of malaria vector, but by the early
1970’s it failed to control these species
(WHO, 1976). Therefore, in 1975 DDT
was partially replaced by BHC, but resis-
tance to BHC also appeared subsequently.

., Birdwood Road, Lahore, Pakistan

dividuals. Malathion resistance in An. stephenst
from Pakistan is being herein reported for the
first time. The gene(s) for malathion resistance
was present in high frequencies in populations
near Lahore. Selection for malathion resis-
tance in the laboratory resulted in a 20 times
increase after only three selected generations.

Recently Rathor and Toqir (1980) re-
ported that An. culicifacies in the Lahore
area has become nearly homozygous for
DDT resistance, and the frequency of the
DDT susceptible gene was so low that an
attempt to select for DDT susceptibility in
the laboratory did not succeed. In 1976
malathion was introduced in Pakistan for
mosquito control, and it is still being used
(2 cycles/year, 1 gm/m?). Sumithion
(Fenitrothion) has also been used in
selected areas of Punjab Province.
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Recently malathion resistance in An.
stephensi has been reported from Iran
(Manouchehri et al. 1975, 1976a,b;
Eshghy 1978) and in An. culicifacies from
Gujarat, India (Rajagopal, 1977). Or-
ganophosphate resistance in anopheline
mosquitoes from other parts of the world
has also been reported; for example, in
An. albimanus from El Salvador (Geor-
ghiou 1972; Ayad and Georghiou 1979).
Thus, the evolution of resistance to or-
ganophoshpate insecticide would seem to
be expected eventually in any mosquito
control program.

In the light of these reports, and the
fact that malathion has been used for

mosquito control in Pakistan since 1976,

susceptibility tests for malathion were
carried out on An. stephensi from the La-
hore region of Punjab Province to moni-
tor the onset of malathion resistance.

MATERIALS AND METHODS

Fed or half gravid females of An.
stephensi were collected resting in cattle
sheds from January to August 1979 at the
following study areas of Punjab province,
Pakistan:

1) Khano-Harni (KH) twenty miles

southeast of Lahore.

2) Shah-di-Khoi (SK) near Punjab
University Campus;, Lahore.

3) Kot Baghicha (KB) near Balloki
Headworks about 30 miles west of
Lahore.

4) Kahna Purana (KP) on Ferozpur
Road 16 miles from Lahore.

5 Sattoki (ST) 40 miles southeast of
Lahore on the Kasur Road.

The adult progeny of the wild-caught
females were used for the malathion sus-
ceptibility tests. Tested progeny adults (24
hours old) were unbiased subsample of all
progeny collected from mass egg laying.

In addition adults from the following
colonized strains were used in control
tests:

1) KHS: A strain susceptible to 5%
malathion papers from one hour
exposure. Colonized from Khano-
Harni in May 1978.

2) KHR: A strain resistant to 5%
malathion papers for one hour ex-
posure. Colonized from Khano-
Harni in May 1979.

3) LT: A strain susceptible to 5%
malathion papers for one hour ex-
posure. Colonized from the village
called Leti, situated on Talagang
Mianwali Road, 26 miles west of
Talagang Tehsil, Attock District,
Punjab Province in 1975.

4) LH: A strain susceptible to 5%
malathion papers for one hour ex-
posure. Colonized from Lahore in
1975.

Initially, malathion impregnated pa-
pers supplied by WHO were used in the
tests. However, since there were delays in
delivery of the papers the papers de-
graded rapidly. Malathion papers were
prepared in our laboratory by modifica-
tion of the method of Georghiou and
Metcalf (1961). A one ml 5% malathion
solution in acetone (W/V) and 2 ml abso-
lute ethanol gave uniform spreading on
No. 1 Whatman filter paper cut to the
standard WHO insecticide paper size (12
x 15 cm) placed on a horizontal nail
board. Malathion solution was applied
spirally to the paper by an all glass 10 ml
syringe fitted with a hypodermic needle
(B-D Twin-Pak.25). Control papers were
prepared by applying 1 ml acetone and 2
ml of absolute ethanol. The papers be-
came dry within 15 to 20 minutes.

Since Georghiou and Metcalf (1961)
pointed out that the papers made with an
acetone solution of malathion should be
used within 1 to 2 hours of preparation to
rule out any possibility of malathion deg-
radation, freshly prepared (1-2 hr old)
papers were used for the tests. However,
our prepared papers were effective for at
least two days after preparation (Table 1)
if stored at 26°C carefully in sealed plastic
boxes when not in use.

Broassay TESTS AND SELECTION. Ini-
vally, adult progeny (24 hr old, 2 ¢ and
8 &) were tested using WHO insecticide
papers and adult test kits. Susceptibility
tests were made using a diagnostic dose of
5% malathion with 1 hr exposure and 24
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Table 1. Comparison of efficacy of 5% malathion papers obtained from WHO and the papers prepared in the laboratory.
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hr holding period (WHO, Unpublished
Document, 1975, 1976). The tests were
carried out in insectary conditions (27 =
1°C and RH = 75 = 5%). Controls were
run along with all the tests. No mortalities
were observed in most control except for
the tests in which wild caught females
were used. If more than 5% mortality was
observed in the controls, the corrected
mortality was calculated by Abbott’s for-
mula. The details of the control tests
without any mortalities were not included
in the tables. In addition to the control
tests malathion susceptible laboratory
strains (LT and LH) were tested at dif-
ferent intervals throughout the experi-
ment to evaluate the efficacy of malathion
papers prepared in our laboratory (Table
1). Half gravid wild caught females were
tested for susceptibility with the papers
prepared in our laboratory. Those wild
caught females which survived the 1 hr
exposure to 5% malathion paper and the
24 hr holding period were individually
isolated in 35 ml glass vials lined with
filter paper and flooded with water to a
depth of 3 mm for egg laying. The re-
sulting progeny were reared individually
and their F, and F, progeny tested with
5% malathion.

A selection to produce a malathion re-
sistant stock was started with wild-caught
females from KH. The wild-caught
blood-fed females were exposed to 5%
malathion for 1 hr and the surviving fe-
males allowed to oviposit. F; and sub-
sequent generation up to Fg were reared
en masse and selected with 5% and 10%
malathion at different exposure times. Fy
and F,; individuals were not selected to
increase the size of the selected strain.
The highest selection pressure was 15 hr
exposure to 10% malathion.

RESULTS AND DISCUSSION

Initial tests made on the progeny of
wild-caught females from four localities
(KH, SK, KB, KP) indicated that An.
stephensi from 2 localities SK and KB were
susceptible, but those from KH and KP
were resistant to malathion (Table 2). For
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Table 4. Percent mortality of wild caught females and the subsequent selected generation (F, to
Fg) with 5.0% and 10.0% malathion at different exposure periods in 1979.

Exposure
Selected time Number Corrected
generation Dates Tested? Malathion (hours) tested % Mortality
wC May 3 5 1 134 6.0
n
F, May 15 5 1 53 0.0
(D
Feb. 15 5 2 23 4.35
)
May 15 5 4 38 5.26
(3)
Jun. 15—Jun. 22 5 15 2053 69.80
(60)
F, Jun. 13 5 15 41 65.85
)
Jun. 18 5 7 96 37.5
@
Jun. 21 5 16 126 50.9
(3)
F, Jul. 24 5 1 59 13.56
(1
Jul. 25—-Aug. 8 5 5 835 51.14
(20)
Fs Sep. 3 5 5 35 0.0
(L
Sep. 3-Sep. 9 10 5 175 0.0
(15)
Sep. 8 5 15 21 9.5
Aug. 8-Sep. 21 10 15 124 35.48

1 Figures in parenthesis represent the number of replicates.

comparison, the 3 susceptible colonized
strains maintained in our laboratory were
also subjected to susceptibility tests
throughout the experiment. They
showed 100% mortality. Susceptibility
tests were made to compare the efficacy

of laboratory prepared papers to WHO
papers (Table 1) on 3 susceptible (KHS,
LT, LH) and 1 resistant strain (KHR). No
significant difference was observed in
percentage mortality obtained by WHO
papers and 1-2 hr old laboratory pre-

Table 2. Susceptibility tests on laboratory reared progeny of wild and colonized female An.
stephensi to 5% malathion in 1979 (1 hr exposure and 24 hours holding period).

Number
Material Locality Dates Tested Tested % Mortality
Field KH Jan. 4-May 14 846 (350)* 37.8
SK Apr. 13-Apr. 14 64 (20) 100.0
KB Apr. 20— Apr. 21 138 (70) 97.1
KP Apr. 23—Apr. 27 301 (100) 27.9
Colonized Strains KHS Apr. 20-Apr. 21 119 (100) 100.0
LH May 12— Jun. 18 247 (150) 100.0
LT Apr. 8—May 14 254 (150) 100.0

! Numbers in parentheses are the numbers of females in the parent generations offered
ovipositing media en masse.
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pared papers, the value of t = 1.99
(0.2>P>0.1). One locality, KH, was
selected for further investigation to con-
firm physiological resistance. When
wild-caught, half-gravid females from
KH were exposed to 5% malathion, 6
replicates of tests made on different dates
showed resistance to malathion, mortality
ranged from 20.8 to 35.9% (Table 3). A
total of 199 wild females from KH were

The Fg (Table 4) showed no mortality
after an exposure of 5 hr to 10% malath-
ion while a susceptible colongy (L.T)
showed complete mortality after % hr ex-
posure to 5% malathion.
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