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To establish an insecticidal resistance surveillance program, Culex quinquefasciatus mosquitoes
from São Paulo, Brazil, were colonized (PIN95 strain) and analyzed for levels of resistance.  The PIN95
strain showed low levels of resistance to organophosphates [malathion (3.3-fold), fenitrothion (11.2-
fold)] and a carbamate [propoxur (3.0-fold)]. We also observed an increase of 7.4 and 9.9 in a and b
esterase activities, respectively, when compared with the reference IAL strain. An alteration in the sen-
sitivity of acetylcholinesterase to insecticide inhibition was also found in the PIN95 mosquitoes. The
resistant allele (Ace.1R), however, was found at low frequencies (0.12) and does not play an important
role in the described insecticide resistance.

One year later, Cx. quinquefasciatus mosquitoes were collected (PIN96 strain) at the same site and
compared to the PIN95 strain. The esterase activity patterns observed for the PIN96 strain were similar
to those of the PIN95 mosquitoes. However the occurrence of the Ace.1R allele was statistically higher
in the PIN96 strain.

The results show that esterase-based insecticide resistance was established in the PIN95 Cx.
quinquefasciatus population and that an acethylcholinesterase based resistant mechanism has been
selected for. A continuous monitoring of this phenomenon is fundamental for rational mosquito control
and insecticide application programs.
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Culex mosquitoes are important vectors of
bancroftian filariasis and a number of other
arboviral human diseases. As an important migra-
tory pole, the city of São Paulo constantly attracts
people from other regions of Brazil where filari-
asis is endemic. Cx. quinquefasciatus is abundant
along the Pinheiros River which flows through the
southern part of São Paulo, and is a continuous
biting nuisance, mostly for those living close to
larval habitats, as well as increase the potential for
the transmission of parasites and arboviruses.

These data led the local authorities to establish
insecticide based mosquito control programs.
Malathion and propoxur have been extensively

used since 1980, while diazinon, chlorpyrifos and
temephos have been used to a lesser extent (M
Dalbon, pers. comm.).

Resistance of Cx. quinquefasciatus mosquitoes
from São Paulo to malathion, fenitrothion and
propoxur was recently reported (Bracco et al.
1997). This report presents the log-dosage probit
analyses for insecticide resistance and the poten-
tial biochemical mechanisms responsible for the
insecticide resistance in local mosquito popula-
tions.

MATERIALS AND  METHODS

Mosquitoes - Three strains of Cx. quin-
quefasciatus were used in this study. The suscep-
tible strain (IAL), used as a baseline, has been kept
in captivity since 1983 in the Instituto Adolfo
Lutz’s insectary. It originated from Iguape, a rural
area of the State of São Paulo where there is no
evidence of organophosphate or carbamate insec-
ticide aplication.

The PIN95 strain was established in 1995.
Approximately 3,000 mosquitoes were collected
in June 1995 at the margins of the Pinheiros River
and transferred to an insectary at the Deptartment
of Parasitology, Institute of Biomedical Sciences,
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University of São Paulo. The PIN96 strain was
establish one year later, in 1996, with adults cap-
tured at the same locality as the PIN95 strain.

These strains have been maintained at 28oC,
75% relative humidity and natural photoperiod.
Sugar and water were available at all times and the
females were routinely bloodfed on immobilized
mice.

Bioassays - Unfed adult females of the IAL and
PIN95 strains were used for the bioassays as de-
scribed by World Health Organization (WHO
1981). Twenty-five adult females were exposed to
insecticide impregnated papers (purchased from
WHO) in standard testing tubes (WHO 1992). They
were then transferred to clean tubes where sugar
water was provided.  The mortality was determined
24 hr after exposure. Control mosquitoes were
exposed to papers impregnated only with the in-
secticide solvent (olive or silicone oil).

Biochemical assays - For the esterase assays, one
day old adult females were individually homog-
enized in 200 ml of 20 mM Na-phosphate buffer,
pH 7.2 containing PTC 1 mM. The homogenates
were centrifuged at 14,000 g for 10 min at 4oC. Two
aliquots of 10 ml of supernatant were transferred to
different wells of a microtiter plate. Two hundred ml
of a-naphtil acetate or b-naphtil-acetate (30 mM in
20 mM Na-phosphate buffer, pH 7.2 for both) were
added to the wells and the plates incubated at 30oC.
After 30 min, 50 ml of Fast blue solution (45 mg
Fast blue B in 9.75 ml of distilled water plus 5.25
ml of 10% sodium lauryl sulfate) was added and the
absorbances determined at 595 nm (Hemingway &
Georgiou 1984).

Protein concentration in the supernatants was
measured by the BIO-RAD® Coomassie blue pro-
tein assay kit in accordance to the manufacturer’s
instructions, was adapted to microtiter plate vol-
umes and used bovine serum albumin as the stan-
dard. The activity unit (U/mg protein) was defined
as mMoles of a or b naphtol acetate/min/mg of
total protein.

For acetylcholinesterase assays, a single
female’s head was homogenized in an eppendorf
tube containing 250 ml of extraction solution (100
mM sodium phosphate buffer pH 7.0, 1% Triton
X-100). Tubes were centrifuged at 10,000 g for 1
min and the supernatants used for the assays.

To determine Ace.1 genotypes, 100 ml of su-
pernatant was placed in two microtiter plate wells.
Then, 10 ml of 5 mM propoxur dissolved in ac-
etone were added to one well and 10 ml of acetone
added to the other well. The microtiter plates were
incubated for 15 min at room temperature before
the addition of 100 ml of the staining solution (25
mM sodium phosphate buffer pH 7.0 containing
0.2 mM dithiobis 2-nitrobenzoic acid and 0.35 mM
of sodium bicarbonate plus 2.5 mM acetyl-
thiocholine - ASCHI). Absorbance at 405 nm was
determined at 3 and 13 min after addition of sub-
strate solution (Bourguet et al. 1997).

RESULTS

Bioassays - Log-dosage probit-mortality analy-
sis for IAL susceptible and PIN95 resistant strains
are shown in Table I. Data obtained for the IAL
strain were compatible with the susceptibility of
these mosquitoes to the tested insecticides. The
PIN95 strain mortalities were compared with those
obtained for the susceptible mosquitoes to obtain
the resistance ratio. The highest resistance ratio
observed was for fenitrothion (11.2 fold) at the LT50
level. The resistance ratios calculated for malathion
and propoxur showed lower levels (3.3 and 3.0
respectively).

Esterase activity - The distribution patterns
of esterase activities obtained for the IAL,
PIN95 and PIN96 strains are shown in the Table
II and Figs 1 and 2. The IAL mosquitoes show
a distribution pattern in which 100% of the in-
dividuals present esterase activities lower than
300 U/mg protein. The mosquitoes from PIN95
strain show a higher esterase activity than that
of IAL strain. Moreover, the PIN95 population

TABLE I

Culex quinquefasciatus (females) LT50 values with 95% confidence limits, slope and resistance ratios from
bioassays of PIN95 and IAL strains. Resistance ratio were calculated at the LT50 level with reference to the

laboratory IAL strain

Insecticide IAL PIN95

LT50 CL95 Slope N LT50 CL95 Slope N RR50

Malathion 9.9 8.9-10.7 5.02 373 32.9 26.6-39.5 1.81 474 3.33
Fenitrothion 12.2 10.8-13.3 4.03 395 136.3 120.6-153.7 2.63 472 11.20
Propoxur 66.5 62.8-70.7 5.24 365 200.0 159.9-282.8 1.14 297 3.01

CL95: confidence limits for a=0.05; RR: resistance ratio (TL50PIN95/TL50IAL); N: number of exposed.
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Fig. 1: a  esterase activity distribution patterns in females of Culex quinquefasciatus of  a) IAL (N=215), b) PIN95 (N= 219) and c)
PIN96 (N=96) strains.

displays a larger variability (150 to more than
2,000 U/mg protein). The b-naphthyl acetate
was hydrolyzed faster than a -naphthyl acetate
by the mosquito homogenates indicating the
predominance of esterase b in PIN95 Cx. quin-
quefasciatus mosquitoes. Esterase activities
were also determined for the PIN96 mosquitoes.
The results indicate a statistically significant
higher activity of a-esterase and a lower activ-
ity of b-esterase for the PIN96 population, when

compared to PIN95 strain (a  = 0.05) (Figs 1, 2).
Altered AChE gene and genotypes frequencies

- The acethylcholinesterase 1 (AChE1) is inhib-
ited by propoxur for all IAL individuals. Altered
AChE1 allele (Ace.1R) was detected in the PIN95
strain with a frequency of 0.12 and in the PIN96
strain in 0.17. Moreover, when  the PIN95 and
PIN96 Ace.1 frequencies were compared (c2 test)
it was significantly higher in the PIN96 strain popu-
lation (Table III).
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Fig. 2: b esterase activity distribution patterns in females of Culex quinquefasciatus of    a) IAL (N=215), b) PIN95 (N= 219) and
c) PIN96 (N=96) strains.

DISCUSSION

These data confirm malathion resistance in Cx.
quinquefasciatus mosquitoes population from São
Paulo city as previously described by Bracco et al.
(1997). The Cx. quinquefasciatus PIN95 strain is
also resistant to fenitrothion, an insecticide that has
never been applied by the local mosquito control
programs, indicating the occurrence of cross-re-

sistance. The intensive and indiscriminate appli-
cation of several organophosphate insecticides may
have resulted in cross resistance to other organo-
phosphates. This hypothesis should be further in-
vestigated.

The major insecticide resistance mechanism
developed by the studied population seems to be
the elevation of esterase activity that was deter-
mined to be about 7.4 and 9.9 times higher than
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TABLE II

Culex quinquefasciatus (females) means and standard deviations (s) of a  and b esterase activity (U/mg protein)
in IAL (N=215), PIN95 (N=220) and PIN96 (N=87) strains

Strain a-naphthol production b-naphthol production

Mean s Increase Mean s Increase

IAL   55.7  39.4 -   57.5  39.8 -
PIN95 406.9 312.2 7.4 567.2 353.6 9.9
PIN96 478.2 223.3 8.7 375.2 171.0 6.5

P < 0.01 for a  and b esterase with 219 degrees of freedom.

TABLE III

Absolute and relatives frequencies of acetylcholinesterase alleles (Ace.1) in Culex quinquefasciatus females of
field collected PIN95 (N=188x2) and PIN96 (N=96x2) strains and the reference strain IAL (N=96x2)

Allele IAL frequencies PIN95 frequencies PIN96 frequencies

Ace.1S 192 (1.00) 329 (0.875) 159 (0.828)
Ace.1R 0 (0.00) 47 (0.125) 33 (0.172)

c2 = 3.86. P < 0.05 with 1 degree of freedom.

the values determined for the susceptible IAL strain
(for a and b esterases respectively). These low val-
ues of esterase activity increments and the RR at
maximum 11.2-fold agree with previously reported
data (Villani et al. 1983, Breeden et al. 1984, Brown
1986, Bisset et al. 1990) that indicated a low el-
evation of esterase activity may be responsible for
the establishment of low levels of resistance to a
variety of organophosphates. The significant in-
crease in a esterase activity with the concomitant
decrease of the b esterase, suggest a selection for
a esterases as a biochemical mechanism for insec-
ticide resistance.

The Ace.1R allele was also detected and its pro-
portion increased in the Pinheiros River popula-
tion. However, while this resistance determining
allele is present at a low frequency (0.12 PIN95
and 0.17 PIN96), it is statistically increasing, dem-
onstrating that the resistant Ace.1R allele is being
currently selected for.

The slopes of the log-probit analysis for the
PIN95 strain for resistance to the analyzed insecti-
cides demonstrates that it is a heterogeneous popu-
lation. This heterogeneity is in accordance with the
wide distribution of esterase activity and the Ace.1R

frequencies, found in PIN95 and PIN96 mosqui-
toes (Figs 1, 2; Table III). These data indicate that
the insecticide resistance is not fully established in
this population.

The low levels of detected resistance may be
related to the use of several insecticides by the
mosquito control programs during recent years.
Eventually, the insecticide resistance in this mos-
quito population may attain elevated levels to a
number of organophosphate compounds. A ratio-

nal program of insecticide application supported
by continuous surveillance of the population is
necessary to avoid the establishment of insecticide
resistance. Bracco et al. (1997) have determined
the susceptibility of these mosquitoes to pyre-
throids. The data obtained suggest that an inter-
vention strategy involving this class of insecticides
would be a good choice for the control of Cx.
quinquefasciatus populations in São Paulo.
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