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Background & objectives: Under the national antimalaria programme DDT was introduced in early
1950s for vector control and later hexachloro cyclohexane (HCH) followed by malathion and recently
synthetic pyrethroids in 1990s to manage the insecticide resistance in Anopheles culicifacies. Subsequent
replacement led to development of multiple resistances in An. culicifacies in Surat district in Gujarat
State. Indoor residual spray (IRS) was completely withdrawn in southern villages in Surat in 2002.
This study was undertaken in these areas to study the persistence of resistance to DDT, malathion and
deltamethrin after sequential withdrawal of IRS with these insecticides at different times.

Methods: Susceptibility tests on An. culicifacies were conducted using standard WHO methods and
kits. Mortality, knockdown time and lethal times were calculated for An. culicifacies exposed to WHO
prescribed diagnostic concentrations of different insecticide impregnated papers.

Results: Persistence of DDT-resistance was observed even after 30 yr of its withdrawal from IRS.
Similarly, persistence of malathion resistance was also observed after 9 yr of its withdrawal from IRS,
while reversal of deltamethrin-resistance was observed very fast within 2-3 yr after its withdrawal from
IRS in 2002.

Interpretation & conclusion: Present data indicate that the quantum of reversion of insecticide resistance
in a population is relative and depends on the genetic stability of the respective resistance genes in the
mosquitoes. In the present study withdrawal of pyrethroid-IRS resulted in increased susceptibility
against pyrethroids alone and was independent of existence of resistance to insecticides of other groups.
This study emphasizes that appropriate rotation of different insecticides; including carbamates may
prevent or delay the onset of resistance.
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The  tropicopolitan = mosquito  Anopheles endemic to malaria, indoor residual spray (IRS) with
culicifacies (Diptera: Culicidae) is the most important DDT (dichloro-diethyl-trichloroethane, 1 g/m? and
vector of malaria in India'. Gujarat State being highly two rounds per year) had been carried out to control
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An. culicifacies population since 1950s, which though
showed spectacular success initially, in due course
resulted in widespread resistance in An. culicifacies®.
In 1958, DDT was replaced from regular spray by HCH
(hexachloro cyclohexane), but was effective only for
a short duration as the vector successfully developed
high levels of resistance®. In order to curtail the malaria
transmissionin Gujarat, organophosphorousinsecticide,
malathion was introduced for IRS in 1969 (2 g/m? and
three rounds per year)’. Malathion resistance in this
species was first reported from Surat in 1973, but its
use was continued till mid 1990s and was replaced
in 1996 by deltamethrin, a synthetic pyrethroid
(0.02 g/m?and two rounds per year)®. Studies in some
villages in District Surat in Gujarat State indicated
development of low levels of deltamethrin resistance
in 2001°. Deltamethrin was withdrawn from IRS in
these villages in Surat in 2002 as the annual parasite
index (API) became <2 (personal communication
2008; District Malaria Officer, District Surat, Gujarat).
The present investigation was carried out to assess
the persistence of respective insecticide resistance in
field populations of An. culicifacies after sequential
withdrawal of DDT, malathion and deltamethrin and to
study the resistance/susceptibility pattern in Surat.

Material & Methods

Surat district is situated on the west coast of India
between 21-22°N latitude and 73-74°E longitude. In
2005, five villages, namely Serula, Munkiya, Satkashi,
Pagharduwa and Nimbi Moti Pipal of Primary Health
Centre (PHC) Borda, and in 2006, eight villages under
two PHCs, Borda and Bhadkunja, namely Serula,
Munkiya, Satkashi, Pagharduwa, Amalpada, Nani-
pipal, Limbi and Anandpur were surveyed. Female 4n.
culicifacies mosquitoes were collected from indoors
during the morning hours (0600-0800 h) using an
aspirator and flash light” and were used for susceptibility
studies.

Insecticide susceptibility test: Susceptibility to different
insecticides was determined following standard WHO
method and kit (from University Sans Malaysia- www.
usm.my) by exposing the mosquitoes to the insecticide
impregnated papers of the specified WHO diagnostic
concentration and time of exposure®. Mosquitoes
were exposed to DDT (4%), malathion (5%),
bendiocarb (0.1%), propoxur (0.1%), deltamethrin
(0.05%), cyfluthrin (0.15%), permethrin (0.75%) and
A-cyhalothrin (0.05%) impregnated papers for 1 h while
to fenitrothion (1%) for 2 h® and to a-cypermethrin
(0.1%) for 1 h. A minimum of 3-4 replicates of 15-20
mosquitoes were used. Mortality was corrected using
Abbott’s formula wherever required’. The mortality
data in insecticide susceptibility tests were subjected
to y* analysis to determine the significance of the
observed variations in mortalities before and after the
withdrawal of insecticide sprays.

Knockdown and lethal time: The toxicity indices KDj,
and KDy, and LT, and LT,, were determined using
standard methods of exposure® and using log-probit
regression analysis'®. Exposures were made for one
hour for all insecticides except for DDT (8 h).

Results

The susceptibility status of An. culicifacies to
different insecticides in villages of district Surat (Table
I) shows that resistance to DDT was persistent in 1985
(9% mortality), even after complete withdrawal of
regular DDT-IRS for about 15 yr'!. Later, in our studies
in 1987 and 1992, the populations were still resistant
to DDT (<16% mortality). These results indicated
the stability of DDT-resistance in An. culicifacies
population even after 22 yr of suspension of DDT
spray'>". Further, in 2001 (after >30 yr of withdrawal),
the mortalities against DDT remained <10 per cent
and there was no significant difference in mortalities
reported among the years 1985, 1987, 1992 and 2001.

Table L. Susceptibility of An. culicifacies to diagnostic dose of different insecticides

Insecticide, %

Per cent M £ SE (n)

Present study

1985"! April 19872 Nov 1987 199213 2001 2005 2006

DDT 4 9+4.74 16+9.2 0 6+4.65 9+4.04 40+ 11.82 20+ 6.05
(140) (60) (48) (100) (192) (66) (168)

Malathion 5 1249 44 +10.68 17+6.14 17495 ©) 68 +7.59 574 6.54
(50) (83) (144) (60) (145) (220)

Deltamethrin 0.05 100 100 100 ©) 66+5.17 98 +3.48 99+ 1.41
(220) (40) 22) (322) (62) (190)

% M + SE: Mean = standard error; Per cent mortality + SE at 95% CL; n = No. exposed; (-) Not done

Superscript numerals denote reference numbers
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However, in 2005 and 2006, there was an increase in
mortality in An. culicifacies against DDT up to 40 per
cent and the observed differences in mortalities were
statistically significant for the comparisons among the
studies of 2001, 2005 and 2006 (P<0.001).

Malathion was introduced for IRS during 1969-
1970to control DDT and HCH-resistant An. culicifacies.
Our studies in 1985, 1987 and 1992 registered <44 per
cent mortality against malathion (Table I) and there
was no significant difference in mortality against
malathion among the years 1985, 1987 and 1992.
However, mortality increased to <68 per cent in 2006.
These mortality ranges were significant from the
mortalities observed in 1992 (P<0.001). Our present
survey indicated that even 8-9 yr after the withdrawal
of malathion-IRS, 4n. culicifacies population was
found resistant though an increase in mortality (from
42% in 1992 to 68% in 2005) was reported.

Regular deltamethrin-IRS was introduced in the
study areas in 1996. An. culicifacies was completely
susceptible to deltamethrin in 1985 and 1987 prior to the
introduction of deltamethrin-IRS (Table I). However,
in 2001, the species registered 66 per cent mortality to
deltamethrin indicating development of deltamethrin-
resistance®. Deltamethrin-IRS was discontinued from
2002 owing to lower incidence of malaria as API
was <2. However, studies in 2005 and 2006 revealed
that the species registered >98 per cent mortality.
The y* analysis showed that the observed mortality
to deltamethrin in 2001 was significantly different
compared to mortalities in the preceding years, 1985
and 1987 (P<0.001), and to the mortalities observed in
2005 and 2006 (P<0.001), i.e., after the withdrawal of
deltamethrin-IRS in 2002. The per cent mortality in the
species against other pyrethroids, namely cyfluthrin,
permethrin, A-cyhalothrin and a-cypermethrin during
the years 2005 and 2006 was in the range of 96-100
per cent indicating increased susceptibility of An.
culicifacies to other pyrethroids. The per cent mortality
against other organophosphate (fenitrothion) and
carbamate (bendiocarb and propoxur) insecticides were
>85 per cent indicating susceptibility to these classes.

The results showed a decrease in the KD5, and KDy,
values against deltamethrin in 2005 and 2006 compared
to 2001 indicating gradual increase in the susceptibility
of the mosquito population to deltamethrin (Table II).
Further, in case of other pyrethroids also decrease in
knockdown time was observed from 2005 to 2006. The
LT, and LTy, in 4An. culicifacies to other insecticides,
namely DDT, malathion, fenitrothion, bendiocarb and

Table I1. Knockdown time (min) against different pyrethroids in An. culicifacies during the years 2001, 2005 and 2006

2006

2005

2001

Insecticide, %

1’ value
(DF)

KDy,
(95% FL)

KDs,
(95% FL)

y? value
(DF)

KDy,
(95% FL)

¥ value KD,
(95% FL)

(DF)

KDy,
(95% FL)

KDs,
(95% FL)

23.92

48.52
(45.96-51.81)

67.93 8.1 32.35
(30.95-33.72)

(60.83-78.24)

31.37
(31.37-67.93)

14.22

(22

246.40
(216.84-286.96)

83.75
(79.40-88.84)

Deltamethrin 0.05

(10)

4.20

(10)
61.08
(10)

9.43

(10

(10)
16.26
(10)
7.12
(10)
®

49.97
(48.51-51.61)

29.80
(29.15-30.45)

57.25
(53.11-62.86)

33.10
(31.38-34.81)

¢)

¢)

Cyfluthrin 0.15

39.93
(36.16-45.42)

23.62
(21.29-25.78)

44.66
(42.98-46.62)

28.30
(27.41-29.16)

¢

Q)

)

Permethrin 0.75

67.45
(63.91-71.86)

40.29
(39.12-41.50)

)

¢) )

©)

)

A-Cyhalothrin 0.05

41.06

40.75
(37.06-46.02)

23.74
(21.54-25.80)

¢)

)

¢) ¢)

©)

)

a-Cypermethrin 0.1

(10)

KDy, and KDy, Time required for knockdown of 50% and 90% of exposed mosquitoes

95% FL, Fudicial limit at 95% confidence level; y%, Chi-square for the heterogeneity of response; DF, Degree of freedom (K-2); (-), not done
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Table I1I. Lethal time (min) against different insecticides in 4n. culicifacies during the years 2005 and 2006

Insecticide, % 2005 2006
LTs, LTy, y2value LTy, LTy, y2value

(95% FL) (95% FL) (DF) (95% FL) (95% FL) (DF)
DDT 4 155.08 755.60 27.85 277.72 785.52 1.59
(119.23-224.47) (453.36-1668.64) (14) (139.88-4929.13) (266.95-75008.29) (10)
Malathion 5 5145 100.92 9.58 87.25 168.21 430
(48.93-54.57) (89.85-117.37) (10) (80.52-96.80) (143.88-206.42) (10)
Fenitrothion 1 38.40 50.08 8.63 67.32 101.8 29.65
(36.93-39.82) (47.81-53.14) (10) (64.01-70.54) (95.68-110.02) (10)
Bendiocarb 0.1 24.42 48.53 18.16 35.67 57.08 11.32
(22.47-26.29) (44.18-54.60) (10) (34.48-36.87) (54.28-60.58) (10)
Propoxur 0.1 21.46 34.35 42.70 28.68 53.38 11.1
(18.54-24.04) (30.40-40.85) (10) (27.43-29.91) (50.28-57.23) (10)

LTy, and LTy, Lethal time in minutes to kill 50% and 90% of exposed mosquitoes
95% FL, Fudicial limit at 95% confidence level; % Chi-square for the heterogeneity of response; DF, Degree of freedom (K-2)

propoxur are given in Table III. The lethal times of
different insecticides also confirmed the results of the
susceptibility tests against An. culicifacies.

Discussion

In the present study, stability in DDT and malathion
resistance was observed even after long-term withdrawal
of IRS with these insecticides, whereas reversal
of resistance was observed in case of deltamethrin
withdrawal. DDT was introduced in 1950s in India
for IRS and was continued up to 1970. First report of
DDT-resistance appeared in 1958'* and later widespread
resistance was reported®. The DDT resistance in An.
culicifacies was stable and even after >30 yr of its
withdrawal remained high indicating increased genetic
stability of the resistance in the population. In our earlier
studies in 1985, 1987, 1992 and 2001 per cent mortality
against DDT in An. culicifacies ranged between 0 and
16. After the total withdrawal of insecticide-IRS in 2002,
the susceptibility to DDT fluctuated between 40 and
20 per cent during 2005 and 2006. This indicates that
DDT resistance was remarkably stable for more than
4 decades. Similarly, resistance to malathion was also
stable. Though was there an increase in the susceptibility
of An. culicifacies to DDT and malathion after their
withdrawal from the regular spray, the population was
still resistant to these insecticides. In contrast, reversal
of resistance to deltamethrin was observed after its
withdrawal for a short span.

The relatively low levels of reversion against
DDT and malathion could be due to increased genetic
stability of DDT and malathion resistance in the

populations. Observations made on DDT-resistance in
An. albimanus during a large scale field trial in Mexico
also indicated increased genetic stability of DDT-
resistance contemplated to be due to counterbalancing
of negative selection against DDT-resistance genes by
other genetic changes that might have removed the
negative fitness costs of the resistance genes'. The
development of insecticide resistance is an evolutionary
phenomenon. However, withdrawal of selection
pressure from populations which could not have
resulted in developing homozygous resistance may
promote a faster rate of reversion to susceptibility. This
could be due to interbreeding of resistant individuals
with heterozygotes or homozygous susceptibles
promoting gradual increase in the number of susceptible
individuals in the population. This sustenance or
reversion of insecticide resistance is further dependent
on the nature and stability of the respective resistance
genes involved'®. Further, the reversion of resistance
depends on intrinsic fitness ratios of homozygotes
and heterozygotes and frequency of resistance gene'”.
Cases of reversion of insecticide resistance owing to its
withdrawal of selection pressure were earlier reported
in organophosphate resistant strain of Culex pipiens
pallens'®, pyrethroid resistance in Blattella germanica®,
Bacillus thuringiensis resistance in Plutella xylostella™
and pyriproxyfen resistance in Bemisia tabaci*'.

The observed specific reversal of pyrethroid
resistance alone in DDT-malathion-pyrethroid-resistant
An. culicifacies populations in the study area has shown
absence of cross-resistance among these insecticides. It
is also evident that DDT-resistance in An. culicifacies
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didnotpromote deltamethrin-resistance as was observed
in An. albimanus®. In An. albimanus the pyrethroid
resistance is conferred by kdr that also shows cross-
resistance to DDT. Indian scenario depicts prevalence
of DDT-resistance co-existing with susceptibility
to synthetic pyrethroids. The quick reversion of
deltamethrin-resistance to susceptibility could be due
to the contemplated nature of the recessive resistance
gene. This further indicates that deltamethrin and
synthetic pyrethroids excel other groups of insecticides
in vector control as their useful life can be enhanced
if used judiciously for vector control. Present data
indicate that the quantum of reversion of insecticide
resistance in a population is relative and depends on
the genetic stability of the respective resistance in the
mosquitoes. An. culicifacies in India being a multi-
resistant species and in view of dearth of alternative
effective insecticide molecules in immediate future, the
option for its control is resistance management. This
can be practiced by appropriate rotation of different
groups of insecticides including carbamates to prevent
or delay the onset of development of resistance.
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