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Impact of environmental temperatures on 
resistance to organophosphate insecticides 
in Aedes aegypti from Trinidad

Karen A. Polson,1 William G. Brogdon,2 Samuel C. Rawlins,3 
and Dave D. Chadee1

In the past 30 years, there has been a 
resurgence of epidemic dengue and an 
emergence of dengue hemorrhagic fever 
(DHF) as a global public health problem 
(1, 2). This has been due, in part, to the 
interaction of several risk factors related 

to the environment, the virus, the host 
population, and vector bionomics (3–5), 
and to the widespread development of 
insecticide resistance in the Aedes aegypti 
mosquito (6, 7). Mosquitoes and other 
poikilothermic vector organisms are sen-
sitive to climatic factors such as tempera-
ture, precipitation, and humidity (8). 

Environmental temperature may have 
an effect on mosquito physiology and 
thus may also influence pathogen multi-
plication and transmission (9). Therefore, 

changes in environmental temperatures 
in the direction consistent with global 
warming trends may be expected to exac-
erbate the emergence or resurgence of a 
number of vector-borne diseases, such as 
malaria and dengue (8, 10, 11). The effect 
of the expected increase in temperature 
on the A. aegypti mosquito is of particular 
concern with regard to the transmission 
of dengue (11–13). It is expected that with 
increased temperatures, smaller mosqui-
toes, which feed more frequently, will be 
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produced; the geographic range of the 
mosquitoes will expand; and the extrin-
sic incubation period of the virus will be 
shortened (11, 13). 

Epidemiological research has shown 
that temperature is a key “predictor” 
of dengue infection (14). Patz et al. (11) 
estimated that for regions where dengue 
is already present, a mean temperature 
increase of about 1°C increases the ag-
gregate epidemic risk by an average of 
31%–47%. The Intergovernmental Panel 
on Climate Change (IPCC) reported that 
rising temperatures and changing rain-
fall would have mixed effects on the 
potential for infections such as malaria 
and dengue worldwide (15). They con-
cluded that in areas with limited public 
health resources, increased temperatures 
in conjunction with adequate rainfall 
would likely cause certain mosquito-
borne infections to move to higher al-
titudes and higher latitudes, thus ex-
tending disease transmission seasons in 
some non-endemic locations (15). An 
association between climate variability 
and dengue in the Caribbean was also 
demonstrated in studies conducted in 
the Caribbean between 2002 and 2005 
(16, 17). In these studies, the seasonal-
ity of dengue epidemics was shown 
to be associated with temperature and 
precipitation. 

Dengue and DHF outbreaks have been 
occurring in the Caribbean with greater 
frequency and intensity with shortened 
intervals between outbreaks since the 
1990s (18). The prevention and control of 
dengue is aimed at the A. aegypti vector, 
with heavy emphasis on chemical con-
trol with insecticides. Organophosphate 
(OP) insecticides such as fenthion, mala-
thion, and temephos have been used in 
the Caribbean region to control A. aegypti 
for the last 40 years (6). However, the 
continued reliance on these insecticides 
has resulted in the development of mos-
quito resistance to the insecticide, which 
has created a problem for vector control 
programs (3, 6, 19).

Temperature and insecticides are two 
extrinsic factors that can affect the ge-
netic structure of mosquitoes (20). While 
research has shown that the dengue vec-
tor is affected by increases in tempera-
ture and insecticide selection pressure, 
to the best of the authors’ knowledge, 
the effects of increased rearing tempera-
tures on the insecticide resistance status 
of A. aegypti were not known prior to this 
study. Although uncertainties remain re-

garding the magnitude of the impact of 
climate change and global warming on 
public health, it seems clear that the ex-
pected increase in temperature will have 
some public health ramifications, such 
as the expansion of the geographic range 
of insect vectors, which would result in 
increased transmission of vector-borne 
diseases (21–23). This scenario does not 
augur well for dengue prevention and 
control, as insecticide resistance in A. 
aegypti already poses a challenge. To ad-
dress this issue, this study examined the 
effects of larval rearing temperatures on 
the insecticide resistance status of Trini-
dadian populations of A. aegypti.

MATERIALS AND METHODS

Mosquito collection

In 2006, A. aegypti eggs were collected 
from eight geographically distinct areas 
in Trinidad (Trinidad and Tobago) (Fig-
ure 1), using enhanced ovitraps (24). The 
Port of Spain strains (St. Clair, St. James, 
and Sea Lots) are located in the north-
western part of Trinidad. The Haleland 
Park strain is located on the outskirts of 
Port of Spain, the Curepe and Valencia 

strains in the northeastern part of the 
island, the Spring Vale strain in the cen-
tral part, and the San Fernando strain 
in the southern part of the island. Mos-
quito colonies were established for each 
population, and in 2007–2008 tests were 
conducted on late 3rd- to early 4th-stage 
larvae of the F2–F4 generations. A strain 
of insecticide-susceptible A. aegypti mos-
quitoes from the Caribbean Epidemiol-
ogy Centre (CAREC) that has not been 
exposed to insecticides for more than 30 
years was used as the reference suscep-
tible population. 

Larval treatment

Mosquito eggs were vacuum-hatched 
and one-day-old larvae were transferred 
to larval rearing trays at a density of 
250–300 larvae per tray. Prior to the 
conduct of the assays, one set of larvae 
was maintained in the insectary at 28°C 
± 2°C. Results obtained from tests car-
ried out on this set of larvae were used 
as the baseline for further comparisons. 
Batches of larvae from each population 
were also placed in incubators (Lab-
Line® Biotronette® Mark II Plant Growth 
Regulator Chambers) set at constant 

FIGURE 1. Map of Trinidad showing locations of Aedes aegypti populations examined in research 
on impact of environmental temperature on resistance to organophosphate insecticides, Trini-
dad, Trinidad and Tobago, 2007–2008
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temperatures of 32°C, 34°C, and 36°C. 
All larvae were kept at the respective 
temperatures and maintained on a diet 
of rabbit chow until they developed 
to the late 3rd or early 4th stage, after 
which time they were removed and as-
says conducted. Mosquito larvae did not 
survive at environmental temperatures 
above 36°C, so that was the maximum 
temperature used in the experiments. 

Larval bioassays

Bioassays were conducted using the 
method developed by the U.S. Cen-
ters for Disease Control and Preven-
tion (CDC) and diagnostic dosages for 
temephos, malathion, and fenthion were 
determined using the CAREC reference 
susceptible population, as described in 
detail by Polson et al. in a previous 
(2010) study (19). Larval populations 
and controls from each temperature re-
gime were then subjected to the known 
diagnostic dosage of each insecticide and 
mortality counts made every 15 minutes 
up to a maximum of 2 hours, as outlined 
in the 2010 study by Polson et al. (19). 
Tests were carried out in the laboratory, 
which was maintained at a constant tem-
perature of 23°C ± 1°C.

Mean percentage mortalities were cal-
culated after 2-hour exposure to insec-
ticides for larval population from each 
temperature regime and comparisons 
made with the CAREC reference sus-
ceptible population. Statistical analyses 
were carried out using Kruskal-Wallis 
and Dunn’s non-parametric tests, com-
paring mean percentage mortalities of 
the CAREC reference strain with the 
field populations. Mosquito populations 
were assessed as being resistant or sus-
ceptible using the criteria defined by 
Davidson & Zahar (1973) and modified 
by World Health Organization (WHO) 
(1998) (25, 26). Mosquitoes showing 
98%–100% mortality were classified as 
“susceptible”; those with < 80% mortality 
as “resistant”; and those with 80%–97% 
mortality as “incipiently resistant.” Data 
obtained on the CAREC strain were used 
as the benchmark for comparison with 
the field populations.

Biochemical assays

Thirty mosquito larvae from each 
population were assayed for α- and 
β-esterases as well as p-nitrophenyl ac-
etate (PNPA) esterases, following the 

protocols described by Polson et al. in 
a 2011 study (7). Mosquitoes were also 
assayed to determine the amount of 
total proteins in each mosquito. Controls 
were included in the enzyme assays and 
treated in the same manner as the mos-
quito homogenates (7).

Absorbance values, which were ob-
tained for mosquito replicates, were cor-
rected in relation to the volume of mos-
quito homogenates, the enzyme activity 
unit, and the total protein content of 
each mosquito. Activity levels of α- and 
β-esterases were expressed in nmol/mg 
ptn/min, and the mean change in absor-
bance levels of the PNPA-esterases was 
expressed as delta abs/mg ptn/min. 
Data for each temperature regime were 
analyzed, and comparisons of the mean 
enzyme activity levels of each enzyme 
for each larval population were made 
within and among regimes. Data were 
analyzed using methods developed by 
WHO and Brazil’s Ministry of Health 
(26, 27). The means of enzyme activity 
levels for larvae at each temperature 
were compared with the enzyme activity 
levels of the CAREC strain by Kruskal-
Wallis and Tukey’s non-parametric tests 
(P < 0.05). Analyses were also carried out 
to assess the relation between the bioas-
say and biochemical results obtained at 
the different temperatures for each larval 
population.

RESULTS

Larval bioassays

The diagnostic dosages (DDs) that 
were established for fenthion, malathion, 
and temephos were 1mg/l, 2mg/l, and 
2mg/l, respectively. Results showed that 
after 2-hour exposure to each insecti-
cide at their respective DD, the CAREC 
reference strain, reared at 28°C ± 2°C, 
showed 100% mortality to fenthion and 
temephos but 97.5% mortality to mala-
thion. Based on the WHO criteria for re-
sistance classification, the CAREC strain 
was susceptible to all three insecticides 
(with mortalities ≥ 97.5%) and was thus 
suitable as a reference population. Field 
populations were determined to be sig-
nificantly different from the CAREC ref-
erence strain if P < 0.05.

Fenthion. The susceptibility status of 
the CAREC reference susceptible strain 
remained constant for larvae reared at 
all temperatures (Figure 2). Most larval 
populations reared at 28°C ± 2°C were 
either susceptible (≥ 98% mortality) or 
incipiently resistant (80.0%–97.0% mor-
tality) to fenthion. The Sea Lots and 
St. James populations were resistant to 
fenthion, with 76.8% and 65.5% mortal-
ity, respectively (Figure 2). All popula-
tions that showed susceptibility to fen-

FIGURE 2. Response to fenthion in nine different Aedes aegypti larval populationsa reared at four 
different temperatures, Trinidad, Trinidad and Tobago, 2007–2008
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thion at 28°C ± 2°C were still susceptible 
when reared at increased temperatures 
of 32°C, 34°C, and 36°C. However, all 
populations reared at 28°C ± 2°C that 
were incipiently resistant or resistant to 
fenthion showed susceptibility decrease 
in the proportion of resistant individuals 
at the higher rearing temperatures. The 
Valencia population was the only one 
that fluctuated in susceptibility levels, 
becoming more susceptible at 32°C, less 
susceptible at 34°C, and then more sus-
ceptible at 36°C (Figure 2).

Malathion. Slight variations were ob-
served in the susceptibility levels of 
CAREC strain larvae reared at all tem-
peratures when they were exposed to 
malathion. These variations were, how-
ever, not significant (P > 0.05) and the 
strain still remained susceptible (≥ 98.0% 
mortality) (Figure 3). Five of the eight 
populations that were reared at 28°C ± 
2°C were found to be resistant to mal-
athion, with mortalities ranging from 
56.2% (Haleland Park) to 77.5% (Curepe), 
while the other three populations were 
incipiently resistant (80.0%–93.5% mor-
tality) (Figure 3). All populations, when 
reared at 32°C, increased in susceptibil-
ity to malathion and were incipiently 
resistant. However, the St. James and 
Valencia populations, although increas-
ing in susceptibility to malathion, were 
still resistant, with mortalities of 79.0% 
and 76.5%, respectively (Figure 3). When 
larval populations were reared at 34°C, 
most continued to show a decrease in 
the proportion of individuals resistant 
to malathion, compared to those reared 
at the lower temperatures. However, 
the San Fernando, Sea Lots, and St. Clair 
populations were the only ones reared 
at 34°C that had reduced susceptibility, 
with mortalities of 78.5%, 79.2%, and 
85.2%, respectively (Figure 3). Most of 
the larval populations that were reared 
at 36°C showed susceptibility decrease 
in the proportion of individuals resis-
tant to malathion, but the Curepe and 
Valencia populations showed reduced 
susceptibility, with mortalities of 83.2% 
and 73.5%, respectively. There were no 
differences observed in the Spring Vale 
population reared at 34°C and 36°C, 
in that larvae were completely suscep-
tible to malathion at both temperatures 
(100.0% mortality) (Figure 3).

Temephos. The CAREC strain larvae, 
reared at different temperatures, showed 

variations in the levels of susceptibility 
to temephos but still remained suscep-
tible. The variations did not result in any 
significant difference in susceptibility 
levels (P > 0.05). All larval populations 
that were reared at 28°C ± 2°C showed 
resistance to temephos, with mortalities 
ranging from 11.5% (Sea Lots) to 74.5% 

(San Fernando) (Figure 4). Susceptibility 
levels to temephos were higher in all lar-
val populations reared at 32°C, with per-
centage mortalities ranging from 54.25% 
(St. James) to 97.7% (Haleland Park). 
Most larval populations reared at 34°C 
showed higher levels of susceptibility 
to temephos than those reared at 32°C, 

FIGURE 3. Response to malathion in nine different Aedes aegypti larval populationsa reared at 
four different temperatures, Trinidad, Trinidad and Tobago, 2007–2008
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FIGURE 4. Response to temephos in nine different Aedes aegypti larval populationsa reared at 
four different temperatures, Trinidad, Trinidad and Tobago, 2007–2008
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but the differences were not significant 
(P > 0.05) (Figure 4). On the other hand, 
most populations that were reared at 
36°C showed reduced susceptibility to 
temephos, compared to the populations 
reared at 34°C. The Haleland Park popu-
lation that was reared at 36°C was the 
only one that showed an increase in sus-
ceptibility to temephos (96.5% mortality) 
(Figure 4).

Biochemical assays

a-esterases. The lowest activity levels of 
α-esterases observed in the CAREC strain 
were in larvae reared at 28°C ± 2°C (109.8 
nmol/mg ptn/min), but the esterase ac-
tivity levels were higher in larvae reared 
at the higher temperatures (Figure 5). Al-
though the activity levels of α-esterases 
declined between larvae reared at 32°C 
and those reared at 36°C, the differences 
were not significant (P > 0.05). 

All larval populations except the 
Spring Vale, St. Clair, and Valencia 
strains showed an increase in the activ-
ity levels of α-esterases in larvae reared 
at 32°C versus those reared at 28°C ± 
2°C. The levels were again higher in 
only three populations reared at 34°C, 
namely San Fernando (658.0 nmol/mg 
ptn/min), St. Clair (733.9 nmol/mg ptn/
min), and Valencia (809.1 nmol/mg ptn/
min) (Figure 5). The activity levels of the 
α-esterases were lower in most larval 
populations reared at 36°C versus those 
reared at 34°C, with activity levels in 
the former group ranging from 437.34 
nmol/mg ptn/min (Sea Lots) to 774.12 
nmol/mg ptn/min (Valencia) (Figure 5).

b-esterases. The mean activity level 
of the β-esterases in the CAREC strain 
reared at 28°C ± 2°C was 207.53 nmol/
mg ptn/min. The Sea Lots and Spring 
Vale strains reared at 28°C ± 2°C had 
lower activity levels of β-esterases than 
the CAREC strain larvae reared at the 
same temperature (Figure 6). The activ-
ity levels of the β-esterases fluctuated 
in all larval populations reared at the 
higher temperatures, with levels increas-
ing in all populations reared at 32°C 
except the St. Clair strain (Figure 6). 
All larval populations reared at 34°C 
except Valencia showed increases in 
the activity levels of β-esterases versus 
those observed in larvae reared at 32°C. 
β-esterase activity levels were lower in 
all larval populations reared at 36°C ver-
sus those reared at 34°C, with the levels 

in the former group ranging from 17.26 
nmol/mg ptn/min (St. Clair) to 396.54 
(Valencia) (Figure 6). 

PNPA-esterases. The change in mean 
PNPA-esterase absorbance levels in lar-
val populations reared at 28 ± 2°C was 
0.02 mg ptn/min for all populations 

except the San Fernando and Spring Vale 
strains, which registered levels of 0.01 mg 
ptn/min (Figure 7). The PNPA-esterase 
absorbance levels remained unchanged 
for all populations reared at 32°C except 
the St. Clair strain, which showed a 
decrease (0.01 mg ptn/min) versus the 
levels seen in larvae reared at 28 ± 2°C 

FIGURE 6. Mean activity levels of b-esterases in nine different Aedes aegypti larval populationsa 

reared at four different temperatures, Trinidad, Trinidad and Tobago, 2007–2008
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FIGURE 5. Mean activity levels of b-esterases in nine different Aedes aegypti larval populationsa 

reared at four different temperatures, Trinidad, Trinidad and Tobago, 2007–2008
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(Figure 7). For larval populations reared 
at 34°C, changes in PNPA-esterase ab-
sorbance levels were observed in only 
three strains, with a decrease or increase 
of 0.01 mg ptn/min versus populations 
reared at 32°C (Figure 7). PNPA-esterase 
absorbance levels were unchanged in all 
larval populations reared at 36°C except 
the Haleland Park and San Fernando 
strains, which showed a decrease of 0.01 
mg ptn/min versus those seen in larvae 
reared at 34°C.

DISCUSSION

The projected increases in tempera-
ture due to climate change and global 
warming are expected to affect the A. 
aegypti mosquito, the dengue virus, 
and [subsequently] the transmission of 
the disease (11, 13). It is expected that 
with increased temperatures, the life 
cycle of the mosquito will be shortened; 
smaller mosquitoes, which feed more 
frequently, will be produced; the geo-
graphic range of the mosquitoes will 
expand; and the extrinsic incubation 
period of the virus will be shortened 
(11, 13). Resistance is a genetically con-
trolled phenomenon in which the re-
sistance genes are passed on from one 
generation to another. The shortening 
of the mosquito life cycle with increased 
environmental temperatures will un-

doubtedly result in the propagation of 
resistance through selection.

The IPCC has projected increases in 
average temperatures in tropical coun-
tries of 1.4°C–5.8°C by the year 2100, as 
a result of climate change (15). In the cur-
rent study, environmental temperatures 
under which larvae were reared ranged 
from 28°C ± 2°–36°C, and corresponding 
water temperatures ranged from 30.3°C–
32.7°C. The upper-limit rearing tempera-
ture used in these experiments was 36°C 
because environmental temperatures 
above that (with water temperatures 
ranging from 25.4°C–36.5°C) resulted in 
100% larval mortality. These results are 
supported by a 2009 study by Hemme 
et al., who found that the temperatures 
in water storage drums in Trinidad that 
were negative for the presence of A. 
aegypti larvae were significantly warmer 
than in drums that were positive for the 
presence of larvae (28).

Fenthion, malathion, and temephos 
are the OP insecticides that are widely 
used in the vector control program in 
Trinidad. Fenthion is applied perifo-
cally or by space sprays as an adulti-
cide, whereas malathion is applied as an 
adulticide by thermal fog or ultra-low 
volume (ULV) spray during a dengue 
outbreak or in response to complaints 
of high mosquito densities (6, 29). While 
fenthion and malathion are not routinely 

used, temephos is the only larvicide ap-
plied in potable water for the control of 
A. aegypti larvae in Trinidad. 

Baseline results of this study con-
firmed the presence of resistance in lar-
val populations to one or all insecticides 
assayed. The resistance to fenthion and 
malathion seen in the larvae could be 
due to multiple resistance (several resis-
tance mechanisms present in one popu-
lation) stemming from the temephos 
resistance. The high levels of resistance 
to temephos that were observed point 
to the need for a reduction in the use of 
this insecticide, as continued use will 
result in its becoming ineffective in mos-
quito control. Temperature-based stud-
ies, however, have demonstrated that 
as rearing temperatures increased above 
baseline (28°C ± 2°C), the temperature 
coefficient was positive in most cases, 
suggesting that temephos was more ef-
fective in these instances. 

The toxicity of insecticides is affected 
by temperature changes, in that OP tox-
icity increases with increasing tempera-
tures, showing a positive temperature 
coefficient (30). Results of this study 
showed that as the rearing tempera-
tures increased, OP insecticide toxicity 
increased. Mosquito populations reared 
at higher temperatures were more sus-
ceptible to one or all of the three OP 
insecticides than populations reared at 
the baseline temperature of 28°C ± 2°C. 
These results were, however, dissimilar 
to those of Patil et al. (1996), who found 
that pre-exposing larvae to high tem-
peratures resulted in increased tolerance 
to the insecticide bendiocarb (31). 

Imasheva et al. (1997) showed that 
temperature affects not only insecticides 
but also biological molecules such as 
enzymes and proteins, which play an 
important role in the survival of many 
organisms (32). Esterases are the de-
toxification enzymes involved mainly in 
insecticide resistance, and elevated ac-
tivity levels of these enzymes observed 
in larval populations have contributed 
to the demonstrated resistance to OP 
insecticides (33, 34). In Latin America 
and the Caribbean, several A. aegypti 
populations show a strong resistance 
to OP insecticides that correlates with 
elevated activities of at least one detoxifi-
cation enzyme family (35). In the current 
study, a positive association was found 
between resistance to OP insecticides 
and increased activity levels of α- and 
β-esterases in larval populations reared 

FIGURE 7. Mean change in absorbance levels of PNPA-esterases in nine different Aedes  
aegypti larval populationsa reared at four different temperatures, Trinidad, Trinidad and Tobago, 
2007–2008
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at 28°C ± 2°C. In several instances, how-
ever, in larvae reared at higher tem-
peratures, changes in susceptibility to 
insecticides and changes in the activity 
levels of detoxification enzymes were 
not associated, contradicting the hypoth-
eses that any decrease in enzyme activity 
levels caused by increasing tempera-
tures would result in an increase in the 
susceptibility of the larval populations 
to the respective insecticides, and vice 
versa. The differences in responses to in-
secticides observed in larval populations 
reared at higher temperatures could be 
due to the heterogeneity of the popula-
tions from various geographic locations 
and the varying levels of insecticide 
selection pressure in the field. 

PNPA-esterases, which are α ester-
ases, are associated with OP resistance in 
mosquitoes, with resistant populations 
showing elevated activity levels of these 
enzymes (36). While PNPA-esterases 
were found to be associated with teme-
phos resistance in Brazilian populations 
of A. aegypti (37), they were not shown 
to be involved in OP resistance in the 
Caribbean populations assayed in the 
current study. Although PNPA-esterases 
may not be an important mechanism at 

the moment, continued selection pres-
sure exerted by temephos use may result 
in the enhancement of this mechanism. 

The current findings showed that 
increased larval rearing temperatures 
caused changes in the activity levels of 
esterase enzymes and also resulted in 
larvae being more susceptible to insecti-
cides. This means that any modifications 
in the levels of resistance due to the im-
pact of temperature could provide useful 
insight into the role that temperature 
could play in the evolution of insecticide 
resistance. 

Conclusions

The results of the current study sup-
ported the authors’ hypothesis that 
elevated temperatures would cause 
changes in insecticide resistance status 
in Caribbean populations of A. aegypti. 
Although there were variations across 
different types of insecticide, tempera-
tures, and mosquito populations, over-
all, mosquitoes became more suscep-
tible to OP insecticides with increasing 
temperatures. Insecticides remain the 
main weapon used in vector control pro-
grams aimed at combating the spread 

of dengue. Therefore, it appears that 
although global warming may cause an 
increase in dengue transmission, based 
on the current results, the weapons that 
are relied upon for dengue prevention 
and control may yet be effective if tem-
peratures increase as projected. These 
results also increase understanding of 
how mosquitoes respond or adapt to 
increased temperatures and thus can 
contribute to the development of best-
practice management approaches to in-
form control measures and help predict 
disease transmission. 
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Objetivo. Examinar los efectos del aumento de las temperaturas de desarrollo lar-
vario sobre el estado de resistencia a los insecticidas organofosforados de las pobla-
ciones de Aedes aegypti en Trinidad. 
Métodos. En 2007 y 2008 se llevaron a cabo ensayos biológicos y bioquímicos en 
larvas de A. aegypti recogidas en el 2006 de ocho áreas geográficamente separadas en 
Trinidad (Trinidad y Tabago). Las poblaciones larvarias se desarrollaron en cuatro 
temperaturas (28 ± 2 °C, 32 °C, 34 °C y 36 °C) antes de los ensayos biológicos con 
insecticidas organofosforados (fentión, malatión y temefós) y los análisis bioquímicos 
para las enzimas de esterasa. 
Resultados. La mayoría de las poblaciones larvarias que se desarrollaron a 28 ±  
2 °C fueron susceptibles al fentión (mortalidad ≥ 98%) pero resistentes al malatión y 
al temefós (mortalidad < 80%). Se encontró una asociación positiva entre la resistencia 
a los insecticidas organofosforados y la mayor actividad de α y β-esterasas en las po-
blaciones larvarias que se desarrollaron a 28 ± 2 °C. Aunque las poblaciones larvarias 
que se desarrollaron a temperaturas mayores mostraron variaciones en la resistencia 
a los organofosforados, hubo un aumento general de la sensibilidad. Sin embargo, los 
aumentos o las disminuciones en los niveles de actividad de las enzimas no siempre 
se correspondieron con un aumento o disminución en la proporción de individuos 
resistentes desarrollados a las temperaturas más altas. 
Conclusiones. Aunque el recalentamiento del planeta puede causar un aumento de 
la transmisión del dengue, según los resultados de este estudio el uso de insecticidas 
para la prevención y el control del dengue todavía puede ser eficaz si las temperaturas 
aumentan según lo proyectado. 

Culicidae; aedes; control de mosquitos; resistencia a los insecticidas; insecticidas or-
ganofosforados; temperatura ambiental; Trinidad y Tobago.

resumen

Repercusión de las 
temperaturas ambientales 

sobre la resistencia de Aedes 
aegypti a los insecticidas 

organofosforados en Trinidad
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