Journal of the American Mosquito Control Association, 16(4):324-330, 2000
Copyright © 2000 by the American Mosquito Control Association, Inc.

MALATHION RESISTANCE IN AEDES AEGYPTI AND
CULEX QUINQUEFASCIATUS AFTER ITS USE IN
AEDES AEGYPTI CONTROL PROGRAMS

MARIA MAGDALENA RODRIGUEZ COTO,' JUAN ANDRES BISSET LAZCANO,’
DARJANIVA MOLINA DE FERNANDEZ? anp ALAIN SOCA!

ABSTRACT. The continued widespread use of malathion in Aedes aegypti control programs in Latin America
has generated insecticide resistance to this chemical in Culex quinquefasciatus but not in Ae. aegypti. To deter-
mine the extent of this resistance, the susceptibility of Cx. quinquefasciatus and Ae. aegypti from several coun-
tries to malathion was evaluated. Bioassay results indicated that all Ae. aegypti strains evaluated from Cuba,
Venezuela, Costa Rica, and Jamaica were susceptible to malathion in spite of the historical use of this insecticide
in Ae. aegypti control programs in these countries. In contrast, a high level of resistance to this insecticide was
found in Cx. quinquefasciatus from Venezuela, Colombia, Brazil, and Cuba. Synergist assays indicated that
neither esterases nor mixed-function oxidases (MFOs) were involved as the resistance mechanism to malathion
in any of the Ae. aegypti strains tested. In Cx. quinquefasciatus, synergist assays confirmed that esterases played
an important role in malathion resistance but MFOs were not involved in causing malathion resistance in this
species. Biochemical assays showed that both resistance mechanisms were present in the Ae. aegypti and Cx.
quinquefasciatus populations. Acrylamide electrophoresis gels revealed that all Ae. aegypti strains had a strongly
staining, clear band, named A4, and had a relative mobility (Rm) value of 0.7. Analysis if the results of this
study suggested that malathion could continue to be used for the emergency control of Ae. aegypti, the mosquito
vector for dengue and dengue hemorrhagic fever in the Americas, but that malathion is probably not effective
for the control of adult Cx. quinquefasciatus in urban areas. Therefore, control operations should integrate
nonorganophosphate insecticides such as pyrethroids for control of these 2 species found in the urban environ-

ment.
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INTRODUCTION

Insecticides have had an important role in control
programs for Aedes aegypti (L.) in most countries
in the Americas. A high level of resistance to di-
chlorodiphenyltrichloroethane (DDT) and other or-
ganochlorine insecticides has developed and has led
to the use of organophosphates (OPs). The most
widely used OPs are temephos as a larvicide and
fenitrothion and malathion as adulticides. Although
spray programs using malathion have been active
in some areas of the Caribbean for 15 years or
more, only a low to moderate level of resistance (5-
to 10-fold) has been reported in field populations
(Georghiou et al. 1987, Rawlins and Ragoonan-
singh 1990, Mekuria et al. 1991, Rawlins and Ou
Hing Wan 1995, Rawlins 1998).

An intensive Ae. aegypti control campaign was
started in Cuba in 1981 and malathion was the prin-
cipal insecticide used between 1981 and 1986. Ae-
des aegypti was successfully controlled by this
campaign, but this resulted in the widespread col-
onization of typical Ae. aegypti breeding sites by
Culex quinquefasciatus Say (Bisset et al. 1985,
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1987). Extensive use of malathion for Ae. aegypti
control has selected for malathion-resistant popu-
lations of Cx. quinquefasciatus Say in Cuba. These
resistant populations have elevated nonspecific es-
terase, which confers OP resistance, and altered
acetylcholinesterase (AChE), which confers OP re-
sistance and cross-resistance to propoxur (Bisset et
al. 1991).

In this publication, results of studies of the level
of malathion resistance in Ae. aegypti and Cx. quin-
quefasciatus from several countries in Latin Amer-
ica and the mechanisms involved in resistance are
reported.

MATERIALS AND METHODS

The following strains of Ae. aegypti were tested:
Santiago de Cuba and Ciudad de la Habana (col-
lected in 1997 from these 2 localities in Cuba where
they were quite abundant); Tachira, Apure, Miran-
da, and Aragua (collected in 1997 in Venezuela and
maintained in the laboratory without exposure to
insecticides); Costa Rica and Jamaica (collected in
1997 from these 2 countries where they were quite
abundant); and Rockefeller (a laboratory strain of
Caribbean origin, colonized in the early 1930s, and
provided by the Centers for Disease Control and
Prevention laboratory in San Juan, Puerto Rico).
The following strains of Cx. quinquefasciatus were
tested: Santiago de Cuba and Ciudad de la Habana
(collected in 1996 from these cities in Cuba where
they were abundant); Medellin (collected in 1996
in Colombia where it was abundant); Miranda (col-
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lected in 1996 in Venezuela where it was abun-
dant); Brazil (collected in 1995 in Rio de Janeiro,
where it was abundant; and Slab (a laboratory
strain of Cx. quinquefasciatus provided by the Uni-
versity of California at Riverside).

To evaluate resistance in these strains, malathion
(97%; American Cyanamid Co., Princeton, NJ) was
used. Synergists can be indicators of resistance
mechanisms and act by inhibiting certain enzymes
that are responsible for insecticide detoxification.
Two synergists were used in this study: piperonyl
butoxide (PB; produced by Mc Laughlin Gormley
King Co., Minneapolis, MN) and S§,S,S-tributyl
phosphorotrithioate (DEF; produced by Mobay,
Kansas City, KS).

Bioassay procedure

The standard larval bioassay procedure described
by Georghiou et al. (1987) was used to establish
complete dosage—-mortality regression lines. Briefly,
20 early 4th-stage larvae of uniform size were
placed in plastic cups containing 99 ml of tap water
and 1 ml of insecticide solution of the desired con-
centration in acetone. Five or more concentrations
of malathion, prepared in standard (weight/volume)
acetone solution were used in at least 5 replicates
on different days. The control cup was treated with
1 ml of acetone. Mortality was determined 24 h
after insecticide treatment. Results were subjected
to probit analysis by the method of Finney (1971)
using a basic program (Raymond, 1985). Resis-
tance ratios (RRs) were calculated at the median
lethal concentration (LCs,) and 90% lethal concen-
tration (L.C,,) by comparison to the susceptible ref-
erence strain.

In the bioassays with the synergists, the proce-
dure described above was followed except that 0.5
ml of the required concentration of each synergist
solution in acetone was applied to each cup 4 h
before application of the desired concentration of
insecticide. The total volume of acetone solvent ap-
plied per cup did not exceed 1 ml. Synergists were
used at sublethal concentrations corresponding to
0.008 mg/liter for PB or 5.0 mg/liter for DEF. At
these concentrations, no mortality was observed
with the synergist alone.

Biochemical tests

In Cx. quinquefasciatus, the total esterase activ-
ity was studied using the method of Peiris and
Hemingway (1990). Esterase activity in Ae. aegypti
was determined in early 4th instars with a modifi-
cation of the above procedure reported by Rodri-
guez et al. (2001). Twenty microliters of each ho-
mogenized larva were added in 96-well microtiter
plates and mixed with 200 pl of 0.7 mM pB-na-
phthylacetate substrate. After 10 min, 40 pl of Fast-
blue was added and the optical density (OD) was
read at 570 nm in a Labsystems iMS Reader MF

(Labsystems, Helsinki, Finland). Values of OD
above 1.227 (>mean + 3 SD Rockefeller strain)
were considered as high esterase activity.

The activity of normal and propoxur-inhibited
AChE was measured in Cx. quinquefasciatus, fol-
lowing the method of Rodriguez et al. (1993). Stan-
dard solutions of 1 X 1072 M solutions of 100%
pure propoxur were prepared in acetone. These
were diluted 1:3 with phosphate buffer (0.02 M, pH
7.5) immediately before use. Solutions of 5,5-di-
thiobis (2-nitrobenzoic acid) (DTNB) (1.36 mg/ml)
and acetylthiocholine iodide (1.08 mg/ml) in phos-
phate buffer were prepared fresh on the day of test-
ing. One fourth of the mosquito homogenate was
used to assay normal uninhibited AChE activity,
and a further 0.25 ml was used for the propoxur
inhibition studies. Two replicate aliquots of homog-
enate from a single mosquito were placed in a mi-
crotiter plate and 10 pl of propoxur solution were
added to 1 replicate. After 2 min, 25 pl of the ace-
tylthiocholine iodide solution plus 20 pl of the
DTNB solution were added to all replicates. The
enzyme reaction was then allowed to run for 30
min, and the absorbance was read at 420 nm in a
Labsystems iMS Reader ME The activity of normal
and propoxur-inhibited AChE was measured in Ae.
aegypti with the same methodology. Control AChE
activity was compared with the activity in wells
pre-exposed to propoxur, then results were as-
sessed. In this way, each individual mosquito acted
as its own control and variations in AChE activity
due to age, sex, or general condition were auto-
matically corrected for. In both laboratory tests, in-
hibition studies were only undertaken with propox-
ur, because laboratory tests suggested this gave
accurate discrimination, and the remainder of the
homogenate could then used for other purposes. An
estimate of resistance gene frequencies for esterase
and AChE mechanisms were calculated from the
number of homozygous susceptible individuals for
each assay, assuming the population was in Hardy—
Weinberg equilibrium.

Electrophoresis

To detect esterases possibly involved on insecti-
cide resistance, homogenates of Ae. aegypti larvae
were subjected to 10% polyacrylamide gel electro-
phoresis (PAGE) and larval homogenates of Cx.
quinquefasciatus were subjected to 7.5% PAGE.
Electrophoresis was performed using Tris-borate/
ethylenediaminetetraacetic acid (pH 8.6) as the
buffer and the gel were run at 150 V. Esterases were
detected using a stain solution consisting of 4 ml
of a-naphthylacetate, 4 ml of B-naphthylacetate,
and 10 ml of Fast-blue solution (0.03 g of Fast-blue
salt + 3 ml of distilled water + 7 ml of 5% sodium
dodecyl sulfate) in 50 ml of phosphate buffer at pH
7.5. Enzyme activity was stopped by replacing the
staining medium with 7% acetic acid.



326 JOURNAL OF THE AMERICAN M0SQUITO CONTROL ASSOCIATION

VoL. 16, No. 4

Table 1.

Lethal concentration that gave 50% (LC;,) and 90% (LC,,) mortality and resistance ratios (RRs) calculated

for malathion in field-collected Aedes aegypti from Latin America compared with the susceptible Rockefeller strain

of Ae. aegypti. Slopes of the probit lines are given as an indication of the relative homogeneity of the data.

Malathion
LC,, (ppm) LC,, (ppm) Slope
Strains (range) (range) RR,, RR,, (= SD)
Santiago de Cuba 0.789 1.407 1.77 0.82 5.10
(0.729-0.855) (1.224-1.759) (*0.66)
Ciudad de la Habana 0.512 0.748 1.15 0.44 7.76
(0.472-0.545) (0.699-0.821) (09D
Jamaica 0.578 0.918 1.29 0.54 6.37
(0.534-0.627) (0.821-1.07) (=0.63)
Costa Rica 0.614 0.949 1.37 0.55 6.77
(0.567-0.655) (0.873-1.06) (*x0.78)
Apure 0.370 0.710 0.83 0.41 4.47
(0.33-0.402) (0.637-0.816) (x041)
Aragua 0.530 1.060 1.19 0.62 4.27
(0.471-0.597) (0.885-1.395) (£0.55)
Miranda 0.104 0.290 0.23 0.17 2.88
(0.077-0.13) (0.224-0.433) (x0.45)
Téachira 0.342 0.696 0.77 0.41 4.14
(0.305-0.382) (0.585-0.916) (*+0.54)
Rockefeller 0.445 1.712 — — 2.19
(0.38-0.531) (1.243-2.825) (=0.27)
RESULTS (11.0X), and Miranda (16.1X) were lower, but were

Insecticide resistance data for the organophos-
phorus insecticide malathion in field-collected Ae.
aegypti and Cx. quinquefasciatus from Latin Amer-
ican countries are presented in Tables 1 and 2, re-
spectively. The LC,, and the RRs are also shown.

The low values of RRs (<2-fold) to malathion
indicated that all the Ae. aegypti strains were sus-
ceptible to this chemical (Table 1). However, the
values of the RR for all Cx. quinquefasciatus strains
tested indicated a high level of resistance to this
insecticide (RR > 11-fold; Table 2). The highest
RR values were observed in the Cx. quinquefascia-
tus strains from Cuba (Santiago de Cuba, 186X,
and from Ciudad de la Habana, 184X). The RR
values in the strains from Brazil (19.3X), Medellin

still significant.

Analysis of results of assays with synergists (Ta-
ble 3) indicated that the synergism ratio (SR) in all
Ae. aegypti strains tested using DEF was low (<5-
fold), except the Aragua strain where the SR value
was 6.02, higher than the Rockefeller SR value
(1.809). A similar result was observed using the PB
synergist, where the only strain with an SR value
higher than that of the Rockefeller strain (1.48) was
Aragua (2.73), indicating that neither esterases nor
mixed-function oxidases (MFOs) resulted in resis-
tance to malathion in any of the Ae. aegypti strains
tested.

In Cx. quinquefasciatus (Table 4), the synergist
DEF reduced resistance to malathion in all strains,

Table 2. Lethal concentration that gave 50% (LCs,) and 90% (LC,,) mortality and resistance ratios (RRs) calculated
for malathion in field-collected Culex quinquefasciatus from Latin America compared with the susceptible Slab
strain of Cx. quinquefasciatus. Slopes of the probit lines are given as an indication of the relative homogeneity of

the data.
LC,, (ppm) LC,, (ppm) Slope
Strains (range) RR, (range) RR,, (= SD)
Miranda 0.224 16.11 0.438 7.30 4.42
(0.191-0.261) (0.371-0.535) (x0.4)
Medellin 0.472 33.96 0.663 11.05 8.69
(0.44-0.506) (0.607-0.753) (*1.0)
Brazil 0.609 43.81 1.159 19.32 4.59
(0.553-0.668) (1.006-1.424) (*+0.523)
Santiago de Cuba 2.890 207.91 11.04 184.06 2.20
(2.30-3.72) (7.88-17.35) (*+0.20)
Ciudad de la Habana 1.890 135.97 11.17 186.16 1.66
(1.478-2.438) (7.709-18.581) (£0.159)
Slab 0.0139 — 0.06 — 2.01
(0.00358-0.0218) (0.047-0.097) (£0.547)
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Table 3. Synergism of malathion by s,s,s-tributyl phosphorotrithioate (DEF) or piperonyl butoxide (PB) on early
4th-instar Aedes aegypti field and laboratory strains from Latin America.
Malathion + DEF Malathion + PB
LC,, Slope LC,, Slope
Strains (range) SR! (+ SD) (range) SR! (£ SD)
Santiago de Cuba 0.778 1.01 3.80 1.11 0.71 3.77
(0.71-0.86) (+0.36) (1.0-1.25) (+0.38)
Ciudad de la Habana 0.757 0.67 6.19 0.76 0.67 2.92
(0.709-0.81) (x£0.65) (0.655-0.962) (+0.44)
Jamaica 0.250 2.32 4.69 0.54 1.07 6.19
(0.219-0.287) (x0.38) (0.49-0.578) (x0.72)
Costa Rica 0.503 1.22 7.42 0.77 0.80 6.47
(0.47-0.534) (£0.65) (0.718-0.818) (x0.78)
Apure 0.621 0.59 2.73 0.48 0.77 6.52
(0.539-0.746) (£0.36) (0.45-0.51) (£0.57)
Aragua 0.088 6.02 6.08 0.19 2.73 3.92
(0.08-0.097) (*+1.82) (0.16-0.23) (*+0.42)
Miranda 0.349 0.29 6.64 0.29 0.35 3.98
(0.32-0.375) (+0.82) (0.263-0.332) (*£0.46)
Téchira 0.183 1.87 1.89 0.52 0.65 4.27
(0.147-0.238) (£0.22) (0.474-0.577) (*£0.54)
Rockefeller 0.246 1.81 6.66 0.30 1.48 4.75
(0.215-0.27) (x0.92) (0.268-0.331) (*+0.49)

' SR, synergism ratio = LC,, insecticide alone/LC, insecticide + synergist.

especially in the Cuban strains from Ciudad de la
Habana and Santiago de Cuba, where the resistance
was reduced from 1.89 to 0.0636 and 2.89 to 0.09
mg/ml, at the LC,,, respectively. These reductions
in resistance level confirmed that esterases play an
important role on the enzymatic detoxification of
these 2 strains. The results with PB indicated that
MFOs were not involved in malathion resistance in
Cx. quinguefasciatus, as indicated by the lower SR
values in all strains except the susceptible Slab
strain (4.63).

Biochemical assays

Analysis of results of biochemical assays showed
that both resistance mechanisms were present in the
Ae. aegypti and Cx. quinquefasciatus populations. In

both, OD values above 1.227 (> mean + 3 SD sus-
ceptible reference strain) were considered as high
esterase activity. The same criterion was used to de-
tect susceptible and resistant individuals in Cx. quin-
quefasciatus. For the AChE mechanism, resistant in-
dividuals were those displaying residual enzymatic
activities higher than 60% in both species. The gene
frequency for elevated esterase was higher than that
for the AchE mechanisms in all Ae. aegypti strains
(Table 5) and the same results were obtained for Cx.
quinquefasciatus (Table 6), although the AChE fre-
quency was higher for Cx. quinquefasciatus than for
Ae. aegypti. The high esterase gene frequency and
the higher AChE frequency correlate well with the
high level of malathion resistance observed in all
CX. quinquefasciatus strains. Nevertheless, the ester-
ase gene was present at a high frequency in Ae. ae-

Table 4.  Synergism of malathion insecticide by s,s,s-tributyl phosphorotrithioate (DEF) or piperonyl butoxide (PB)
on early 4th-instar Culex quinquefasciatus strains from Latin America.

Malathion + DEF

Malathion + PB

LC,, Slope LC,, Slope
Strains (range) SR (x SD) (range) SR (* SD)
Miranda 0.168 0.75 3.13 0.287 0.78 3.79
(0.11-0.21) (x0.71) (0.21-0.35) (=0.85)

Medellin 0.076 6.21 5.39 0.790 0.59 9.14
(0.069-0.083) (£0.85) (0.743-0.836) (x1.2)

Brazil 0.075 8.7 4.85 0.620 0.98 7.20
(0.069-0.081) (x091) (0.57-0.66) (£1.3)

Santiago de Cuba 0.09 32.11 6.01 1.221 2.37 4.11
(0.03-0.4) (+0.61) (0.7-1.26) (x0.86)

Ciudad de la Habana 0.0636 29.71 6.23 4.72 04 1.81
(0.059-0.0679) (£0.573) (3.61-6.46) (=0.19)

Slab 0.049 0.28 3.54 0.003 4.63 0.79
(0.044-0.055) (+0.438) (0.00007-0.01) (x0.23)
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Table 5. Resistance gene frequencies for altered
acetylcholinesterase (AChE) and elevated esterase-based
resistance mechanisms in Aedes aegypti larvae collected
from Latin America. Values in parentheses are numbers

of larvae analyzed.

Elevated

Collection site esterase Altered AChE
Santiago de Cuba 1.0 (288) 0.043 (288)
Ciudad de la Habana 0.9 (288) 0.016 (288)
Jamaica 0.0 (288) 0.089 (288)
Costa Rica 1.0 (288) 0.054 (288)
Apure 1.0 (288) 0816 (@88)
Aragua 0.42(288) 0.0053 (288)
Miranda 0.76 (288) - 0.016 (288)
Téchira 0.77 (288) 0.032 (288)
Rockefeller 0.0 (288) 0.0 (288)

gypti in all strains tested without resistance to this
chemical, indicating that the esterases present in the
Ae. aegypti strains tested were not involved in mal-
athion resistance.

Electrophoresis

The esterase bands were numbered according to
their specific reaction with a- or B-naphtylacetate
in esterase A or B, respectively, and were num-
bered according to their relative mobility (Rm),
which was calculated as the distance of the band
from the origin, divided by the total distance of the
band traveled in 45 min. Visual examination of the
gels revealed that all Ae. aegypti strains exhibited
a band, here named A4, with an Rm value of 0.7.
The esterase A4 band was strongly stained in all
the strains, except for the reference susceptible
strain (Fig. 1). Different Cx. quinquefasciatus
strains showed different electrophoretic patterns.
The Brazil strain was used as a standard for Culex
because this strain had all the esterase bands, in-
cluding A2, B2, Bl, A6, B5, and B6, whereas Mi-
randa, Medellin, Ciudad de la Habana, and Santi-
ago de Cuba had quite similar esterase patterns,
with bands B1, A6, and B6. All of these bands were
strongly stained in all the strains, except for the
reference susceptible strain (Slab) (Fig. 2).

Table 6. Resistance gene frequencies for altered
acetylcholinesterase (AChE) and elevated esterase-based
resistance mechanisms in Culex quinquefasciatus larvae
from Latin America. Values in parentheses are numbers

of larvae analyzed.

Elevated Altered
Collection site esterase AChE

Miranda 1.0 (288) 0.1 (288)
Medellin 1.0 (288) 0.3 (288)
Brazil 1.0 (288) 0.5 (288)
Santiago de Cuba 0.54 (288) 0.7 (288)
Ciudad de la Habana (Rio Quibd) 1.0 (200) 0.4 (200)
Slab 0.0 (288) 0.0(288)

Fig. 1.

Esterase patterns observed in Aedes aegypti
from Costa Rica (CR), Jamaica (J), Rockefeller (R), San-
tiago de Cuba (SC), Ciudad de la Habana (CH), Tachira
(T), Apure (AP), Aragua (AR), and Miranda (M).

DISCUSSION

All of the Ae. aegypti strains that were assayed
had less than 2-fold resistance to malathion. Simi-
larly, Rawlins and Ou Hing Wan (1995) found that
11 (32.3%) of 34 strains of larval Ae. aegypti from
17 Caribbean countries assayed for susceptibility to
malathion had 2-fold or less resistance. The other
strains (67.7%) had developed only moderate levels
of resistance (between 5- and 10-fold). In none of
the strains did the LC,, approach the World Health
Organization (WHO 1981) recommended diagnos-
tic dosage of 1.0 mg/liter. Georghiou et al. (1987)
reported only low to moderate levels of resistance
to malathion in Ae. aegypri strains that they tested.
These results are probably related to the small
amount of malathion that has been used for larval
control and its infrequent use during emergencies,
if at all, against adult Ae. aegypti.

Thus far, no laboratory confirmation has been
made of reduced susceptibility to malathion in
bloodfed Ae. aegypti in the Caribbean. However,
malathion is one of the principal insecticides rec-
ommended for use in emergency situations for den-
gue control (PAHO 1982); therefore, demonstrating

g2

Esterase pattern observed in Culex quinque-
fasciatus from Brazil (RJ), Santiago de Cuba (SC), Sus-
ceptible reference strain (Slab), Ciudad de la Habana
(CH), Miranda (MIR), and Medellin (MED).
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that this species is still susceptible to this chemical
is important.

Selection with malathion in the Mettupalayam
strain of Ae. aegypti induced only a 3-fold increase
in tolerance to malathion even though the parent
strain was quite tolerant to this insecticide (Mad-
hukar and Pillai 1970). A 5-fold increase in resis-
tance was obtained when the Panang strain of Ae.
aegypti was selected in the laboratory with mala-
thion for 8 successive generations (Brown and Abe-
di 1960). It is noteworthy that Ae. aegypti strains
from Miranda, Santiago de Cuba, or Ciudad de la
Habana had no malathion resistance, whereas high
levels of resistance were observed in Cx. guinque-
fasciatus collected from the same localities.

All Cx. quinquefasciatus strains that were as-
sayed for malathion susceptibility had very high re-
sistance levels, ranging from 16.1 in Miranda to
208 in Santiago de Cuba. Similarly, Bisset et al.
(1991) reported high levels of resistance to mala-
thion in Cx. quinguefasciatus populations from
within a 100-km radius of Ciudad de la Habana.
Selection with malathion for 22 consecutive gen-
erations in the laboratory increased the level of
malathion resistance to 1,208-fold (Diaz et al.
1993).

Early work on the development of resistance to
OPs in larval Ae. aegypti suggested that in the case
of malathion, detoxification by esterases was of lit-
tle importance and that physical mechanisms such
as decreased absorption were important (Ziv and
Brown 1969). The possible role of detoxifying en-
zymes was lst noted by Chen and Sudderuddin
(1978) when they found that Ae. aegypti larvae,
which were generally more tolerant of the organo-
phosphorus compounds, showed higher carboxyles-
terase activity, as evidenced by the Michaelis con-
stant (Km) value.

The results of the present study with larval mos-
quitoes showed a stronger band than did the sus-
ceptible Rockefeller strain. Quantification of the
Rm indicated that the stronger band (Rm = 0.7)
was present in all of the strains. This esterase was
named esterase A4 because of its Rm. No evidence
exists to correlate the presence of this esterase band
with malathion resistance in field strains because
no resistance was found in any of the populations
tested. The role of esterase A4 must be defined in
future studies. Using acrylamide gel electrophore-
sis, Field et al. (1984) found that the malathion-
resistant Villa Palmeras (VP) strain (10-fold) had
markedly stronger band intensity than the unselect-
ed TM strain of Ae. aegypti, caused by the locus
previously described as esterase 6 (Field and Hitch-
en 1981). Mazarri (1994) observed that esterase
AS, with an Rm of 0.61, was observed in higher
frequency (81-100%) in resistant individuals, but
not in the susceptible Rockefeller strain. She con-
firmed involvement of elevated esterase with a syn-
ergist test, but this is not the case with the Aedes
in this study.

In sharp contrast, the involvement of 2 types of

esterases (A and B) with increased activity toward
naphthylacetate in OP insecticide resistance is now
well documented in the Culex pipiens complex. Es-
terases B1, A2-B2, and the new C esterase have
been previously described in the American region.
Esterase B1 was lst reported in a laboratory colony
derived from mosquitoes collected in 1974 in Cal-
ifornia (Georghiou and Pasteur 1978). Esterase B1
was latter reported from other states (Pasteur and
Georghiou 1989) and Bisset et al. (1990) observed
it in Cuba. Esterases A2-B2 were 1st described in
Tanzania (Curtis and Pasteur 1981). In 1984, these
esterases were 1st observed in California in the
American region (Raymond et al. 1987), and were
later found in Cuba (Bisset et al. 1990).

Before 1986, Cx. quinquefasciatus from Cuba
were resistant to malathion because of the presence
of elevated esterase B1 (Bisset 1990, 1991), result-
ing from extensive malathion applications as both
an adulticide and a larvicide by the Ae. aegypti
eradication campaign. After 1986, malathion was
replaced by a number of pyrethroids. Subsequently,
2 new esterases (A6 and B6; Rodriguez 1995) ap-
peared, not only in Cuba, but also in Cx. quinque-
fasciatus from Venezuela, Colombia, and Brazil.

The Ae. aegypti esterase patterns from different
Latin American countries are similar, as they are in
Cx. quinquefasciatus. Whether these identical es-
terase patterns are the result of migration or of sim-
ilar insecticide use practices is under investigation.

Elevated esterase mechanisms have generally
been selected in Cx. quinquefasciatus, and the es-
terases are well classified in the Caribbean region.
Elevated esterase activity associated with chlorpyr-
ifos and temephos resistance, respectively, has been
reported in Ae. aegypti from Venezuela (Mazarri
and Georghiou 1995) and Trinidad (Vaugan and
Ffrench-Constant 1998) and more recently was re-
ported by biochemical and sinergist studies of the
role of the esterases in temephos resistance in Ae.
aegypti (Wirth and Georghiou 1999). The malathi-
on resistance in Cx. quinquefasciatus is higher
when altered AChE mechanisms are present togeth-
er with elevated esterase levels than where they are
separate (Bisset et al. 1991).

The development of pyrethroid resistance, to-
gether with OP and carbamate resistance, is well
established in field populations (Bisset et al. 1990)
and has obvious implications for Culex control in
Cuba. If pyrethroids are applied continuously over
the next few years, resistance in Cx. quinquefascia-
tus could rise to a level where operational efficacy
of pyrethroids will be lost. Therefore, by carefully
regulating their use, the active life and efficacy of
pyrethroids in Cuba may be prolonged indefinitely.
The presence of relatively high frequencies of 2
mechanisms of OP resistance, 3 years after the ces-
sation of malathion treatment (Bisset et al. 1991)
suggests that it is not feasible to revert to malathion
applications to eliminate foci of pyrethroid resis-
tance. However, pirimiphos methyl is relatively un-
affected by the malathion resistance mechanisms,
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even when these resistance factors have been se-
lected. Because pirimiphos methyl is also fully ef-
fective against pyrethroid-resistant specimens of
Cx. quinquefasciatus in Cuba, this insecticide
would be appropriate for use in a rotational scheme
for resistance management (Bisset et al. 1991).

This suggests that use of malathion for emergen-
cy dengue control could be continued, but that mal-
athion cannot be used for Cx. quinquefasciatus con-
trol in the Caribbean region. Monitoring of
insecticide resistance to detect any further signifi-
cant increases in resistance is recommended. Con-
trol operations should also integrate the use of other
non-OP insecticides, such as pyrethroids, for suc-
cessful control of the 2 species in urban environ-
ments.
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