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Dengue fever is considered one of the most rapidly 
spreading vector-borne diseases worldwide, causing thou-
sands of human fatalities every year despite enormous 
efforts aimed at reducing its prevalence (WHO 2009). It 
has recently re-emerged as a severe public health issue, 
particularly in countries located in the tropical fringe of 
the world. Environmental conditions in Latin America, es-
pecially the disorganised urban growth in areas with high 
levels of poverty, foster the breeding and dispersal of the 
main vector of the disease, the mosquito Aedes (Stegomy-
ia) aegypti (Diptera: Culicidae). Vaccines and medicines 
against the arbovirus that causes dengue are not yet avail-
able, making vector population management the only suit-
able way to keep the disease from becoming an epidemic. 

The reproductive biology of Ae. aegypti can be ex-
ploited to devise new technologies for controlling its 
population. Ovitraps are containers constructed to imi-
tate the characteristics of Aedes’ natural breeding sites 
to make them attractive to egg-laying females (Chadee 
& Corbet 1993). They are commonly used to monitor 
the Aedes population because: (i) one person can moni-
tor dozens of ovitraps and (ii) they are cheap and easy 
to construct and little training is necessary to use them 
correctly (Morato et al. 2005). Moreover, with a few 
changes, they can be made lethal for both the adult and 
immature stages of Ae. aegypti (Zeichner & Perich 1999, 
Chadee & Ritchie 2010). The most straightforward mod-
ification consists in adding chemicals to the water, such 

as insecticides (Pérez et al. 2007), attractants (Chadee et 
al. 1993) or even a combination of both (Barbosa et al. 
2007, 2010b). In this study, we use the first approach by 
adding the insecticide imidacloprid to standard ovitraps 
to convert them into lethal ovitraps.

Imidacloprid (Picus®, Cheminova, Mexico) is a neo-
nicotinoid insecticide that is more toxic to invertebrates 
than to vertebrates; its toxicity is due to its ability to 
bind nicotinic receptors in the nervous system of the 
animal (Anatra-Cordone & Durkin 2005). It is widely 
used against crop pests (Nauen et al. 1998, Elzen 2001, 
Capowiez & Berard 2006), but Paul et al. (2006) recently 
found that it was also effective against both the larvae 
and adult stages of Ae. aegypti. Moreover, Song et al. 
(1997) suggest that imidacloprid can be used with rea-
sonable environmental safety and low toxicity towards 
non-target aquatic organisms and because it has a dif-
ferent mode of action than temephos, which is currently 
used in Mexico, cross-resistance is expected to be absent 
or minimal. However, to our knowledge, no study has 
tested the potential of using imidacloprid in ovitraps to 
control Ae. aegypti populations. Thus, this work focuses 
on evaluating the suitability of using imidacloprid in ovi-
traps against Ae. aegypti, paying special consideration to 
both the potential repellent effect of this neonicotinoid 
on gravid females and its ovicidal properties.

MATERIALS AND METHODS

Study site - All experiments were carried out from 
November 2008-March 2009 in the city of Tapachula, 
Chiapas, Mexico. Laboratory experiments were per-
formed in the multidisciplinary laboratory of Escuela de 
Medicina of Instituto de Estudios Superiores de Chiapas 
campus Tapachula. Field experiments were conducted 
in a local public graveyard. 
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and laboratory conditions. The LD99 obtained from larvae tests proved to be sufficient to keep any exposed eggs 
from hatching. No repellent effect was observed; females laid as many eggs in imidacloprid-treated ovitraps as in 
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Temephos and imidacloprid - For comparison reasons, 
we also evaluated temephos based on the recommenda-
tion by Mexican health authorities (1% w/w of a.i. in sand 
granules) and it was provided by the local office of vector 
control. Imidacloprid (Picus®) was acquired from a local 
store at a 70% w/w a.i. powder formulation.

Imidacloprid lethal dose 99 (LD99) - Our initial objec-
tive was to determine the ovicidal properties of imida-
cloprid; thus, we tried to estimate the LD99 by exposing 
Aedes eggs to the insecticide. However, due to the high 
variance (30-80%) observed in the hatching proportion 
in control (imidacloprid-free) groups of the Rockefeller 
strain maintained in the laboratory, we decided to es-
timate the LD99 with third instar larvae from the same 
strain. Six replicates consisting of six groups of 25 lar-
vae each were exposed for 72 h to different concentra-
tions (0.000, 0.005, 0.010, 0.050, 0.100 and 0.500 ppm) 
of an aqueous imidacloprid solution. In total, 750 Ae. ae-
gypti larvae were exposed to imidacloprid and 150 were 
exposed to water as a control. After exposure, the larvae 
mortality was assessed by lightly touching the larvae 
with a wooden stick. Larvae that did not respond to the 
stimulus were considered to be dead. The LD99 estimated 
from these data was used in further experiments.

Repellent effect of imidacloprid - field tests - Ovi- 
traps were constructed of black plastic containers (5 cm 
radius, 20 cm height) with an ovistrip (Whatman filter 
paper 1, 5 cm x 45 cm) as substrate for egg laying. Twenty 
replicates, each consisting of three ovitraps (1st contain-
ing 1 L of water, a 2nd with 1 L of 1 ppm temephos and 
a 3rd with 1 L of 0.15 ppm imidacloprid solution, which 
corresponded to the LD99 estimated from the experiment 
described above) were deployed in the graveyard, with at 
least 50 m distance between replicates. Ovitraps within 
each replicate were positioned at a distance of 1 m from 
the two other ovitraps.

Each ovitrap was carefully inspected every second 
day for two weeks. All ovistrips were collected during 
each inspection regardless of the amount of eggs and 
were replaced with new strips. The fluid content in each 
ovitrap was also discarded and replaced with freshly 
prepared solution or plain water. Lost ovitraps were re-
placed when necessary. Eggs were counted from each 
ovistrip for the statistical analysis.

Because it was difficult to determine the species of 
the collected eggs, we decided to conduct similar ex-
periments under laboratory conditions using gravid Ae. 
aegypti females.

Repellent effect of imidacloprid - laboratory tests - 
Single gravid females of the Rockefeller strain were kept 
in entomological cages (30 cm x 50 cm x 50 cm, covered 
with mosquito net) and offered the three solutions (wa-
ter, temephos and imidacloprid) in black cups containing 
250 mL of the solution. Eggs were collected every two 
days during a 10-day period. 

Ovicidal properties of imidacloprid - A lethal effect 
is desirable when using ovitraps for vector control. Al-
though traps are often used to monitor vector popula-
tions, lethality is required to keep ovitraps from becom-

ing breeding sites. Therefore, health personnel deploy 
more lethal ovitraps than standard ones. To evaluate the 
ovicidal properties of imidacloprid, we separated 40 eggs 
from a single Rockefeller Aedes female in two testing 
groups: 20 eggs were exposed to the LD99 imidacloprid 
solution and 20 eggs to clean water. After 24 h exposure, 
the eggs from both treatments were moved into clean 
water. Hatching events were followed daily for 15 days. 
The total number of larvae was recorded, regardless of 
the time they hatched. We conducted this procedure si-
multaneously with the eggs from 20 females.

Statistical analyses - A probit regression was applied 
to mortality data to estimate the LD99 (Reyes-Villanueva 
et al. 1992). Any potential repellent effect was investi-
gated by comparing the number of eggs laid in each treat-
ment in the repellent experiments using a linear mixed 
model to account for time effects (repeated measures). 
Ovicidal properties were evaluated by applying Student’s 
t test statistics to the hatching proportion of both water 
and imidacloprid treatments (Antonio et al. 2009).

RESULTS

Imidacloprid LD99 - Probit analysis estimated a LD99 
of 0.15 ppm [95% confidence interval (95% CI): 0.12-
0.19 ppm; model parameters: regression coefficient = 
3.74, intercept = 5.37] (Figure). Residuals analysis in- 
dicated a good fit between observed and estimated data 
(χ2

 = 2.8, df = 3, p = 0.424).
Repellent effect of imidacloprid - field tests - Ovi- 

traps in each replicate had one of each of the following 
treatments: plain water, a 1.0 ppm temephos solution or 
a 0.15 ppm imidacloprid solution. A total of 11,348 eggs 
were collected in seven surveys in 15 days. On average, 
28.66 eggs were collected per ovitrap per survey [± 1.81, 
standard error (SE)]. Twenty-four ovitraps were lost and 
replaced. Table shows a more detailed descriptive analy-
sis of the data. Mixed model analysis applied to the data 
revealed that females did not discriminate among plain 

Curve dose-response for third instar Aedes aegypti larvae exposed to 
imidacloprid. Numbers along the graph are the actual number of dead 
larvae per concentration (± 2 standard deviation, estimated all over 6 
repetitions per concentration). Control group (imidacloprid-free solu-
tion) is not shown. 
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water, temephos-baited and imidacloprid-baited ovitraps 
(F2, 170.2 = 0.012, p = 0.988); however, it detected signifi-
cant differences among replicates (F19, 163.7 = 4.142, p < 
0.001) and days (F6, 55.7 = 16.525, p < 0.001). No significant 
interaction was found to modify the oviposition response 
in this experiment (treatment/replicate: F38, 112.7 = 1.076,  
p = 0.374; treatment/day: F12, 55.3 = 1.32, p = 0.232). 

Repellent effect of imidacloprid - laboratory tests - 
Ovitrap treatment solutions in this experiment were pre-
pared at the same concentrations as in the field tests. A 
total of 2,875 eggs from 20 females were collected in five 
surveys. An average of 9.58 eggs per ovitrap per day were 
collected (± 0.9 eggs, SE). Table shows a more detailed 
descriptive analysis of the data. As in the field tests, the 
mixed model analysis revealed that females did not dis-
criminate between the temephos, imidacloprid and plain 
water solutions used in the experiment (F2, 137.6 = 2.210, p = 
0.113). This analysis did not find a significant difference in 
the number of eggs among replicates (F19, 137.6 = 0.874, p = 
0.615), but there was a significant difference in egg num-
ber among days (F4, 47.6 = 8.680, p < 0.001). No significant 
interaction was found to modify the oviposition response 
in this experiment (treatment/replicate: F38, 88.4 = 1.056, p = 
0.407; treatment/day: F8, 47.6 = 0.976, p = 0.466). 

Ovicidal properties of imidacloprid - In total, 400 
eggs were exposed to a 0.15 ppm imidacloprid solution 
and 400 eggs to plain water (control) in the 20 replicates 
of the experiment. Approximately half of the eggs in the 
control treatment hatched (10.7 ± 0.95, mean ± SE), while 
none of the imidacloprid-treated eggs hatched. Student’s 
t test showed a significant difference in the mean of both 
treatments (Student’s t test assuming different variances: 
t = 11.275, df = 19, p < 0.001).

DISCUSSION

Dengue fever is a viral disease that causes thousands 
of human fatalities worldwide every year. Current meth-
ods to reduce its prevalence aim to suppress the popula-
tions of the mosquito vector that transmits the disease. 
Ovitraps are tools that take advantage of the mosquito 
reproductive ecology to reduce vector abundance. They 

have been considered to be important tools to fight Ae. 
aegypti-borne diseases and are used for both monitoring 
(Surendran et al. 2007) and controlling (Ritchie & Long 
2003, Kittayapong et al. 2008) vector populations. In this 
study, we evaluated whether the addition of imidacloprid 
to standard ovitraps would inhibit the hatching of Ae. ae-
gypti eggs and whether imidacloprid would cause gravid 
females to avoid the ovitraps. 

We found that the addition of a 0.15 ppm imidaclo-
prid solution to standard ovitraps inhibited the hatching 
of Ae. aegypti eggs, but did not repel egg-laying females. 
These results suggest that this insecticide would be use-
ful for controlling and monitoring Ae. aegypti, as the 
number of eggs collected in the field and laboratory tests 
was not significantly different among the treatments (wa-
ter-only, temephos solution and imidacloprid solution). 
Although we did not identify the species of the eggs col-
lected in the field tests, the fact that the egg distribution 
among treatments showed a similar pattern to the labo-
ratory results supports our conclusion. Moreover, Paul et 
al. (2006) found an imidacloprid LD50 of 0.084 ppm for 
Ae. aegypti, more than double to the LD50 = 0.036 ppm 
found in the present study, meaning that imidacloprid or 
any other insecticide with a similar mode of action can 
be used on local Aedes populations without the concern 
of rapid emergence of resistance. This finding gives fur-
ther support to the use of imidacloprid to fight mosquito 
populations in the study area.

Ovitraps treated with insecticides other than imida-
cloprid have yielded similar results for other species of 
Culicidae. Carrieri et al. (2009) found that ovitraps con-
taining 1% Bacillus thuringiensis var. israelensis (Vec-
toBAC 12AS formulation) did not affect the oviposition 
response of gravid Aedes albopictus females and that it 
had a 100% lethal effect for at least 14 days, enough time 
to disrupt the reproductive cycle of Aedes. Methoprene-
treated ovitraps also did not elicit an evasive response 
from gravid Ae. aegypti females, as shown in field tests 
in Australia by Ritchie and Long (2003). With the ad-
dition of our results with imidacloprid and temephos, 
there are an increasing number of methods that can be 
used to convert standard ovitraps into lethal ovitraps for 

TABLE
Eggs collected in the field and laboratory experiments (mean ± standard error)

Treatment
Collection 

1
Collection

2
Collection 

3
Collection

4
Collection

5
Collection 

6
Collection 

7 Total

Field experiments
   Water 6.53 ± 2.011 6.15 ± 2.06 40.53 ± 7.54 46.28 ± 9.26 36.65 ± 6.96 28.58 ± 5.1 38.55 ± 10 28.47 ± 2.81
   Imidacloprid 9.74 ± 4.52 23.05 ± 14.78 21.63 ± 6.98 48.37 ± 12.11 40.75 ± 11.84 27.38 ± 4.2 27.75 ± 5.39 28.65 ± 3.73
   Temephos 10.32 ± 3.84 11.80 ± 2.65 27.44 ± 5.61 57.17 ± 12.57 29.00 ± 5.63 27.95 ± 4.2 40.53 ± 8.7 28.84 ± 2.81
Laboratory experiments
   Water 5.55 ± 2.23 3.45 ± 2.4 7.8 ± 2.28 11.15 ± 4.63 8.1 ± 4.85 NA NA 7.21 ± 1.55
   Imidacloprid 10.4 ± 3.39 2.6 ± 2 13.8 ± 3.03 13.65 ± 3.63 9.4 ± 4.37 NA NA 9.97 ± 1.54
   Temephos 17.9 ± 3.95 1 ± 0.69 12.55 ± 3.74 16.4 ± 3.86 10 ± 3.66 NA NA 11.57 ± 1.61

number of eggs are pooled according to the treatment. NA: not available.
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monitoring Culicidae populations. Thus, health officers 
now have more options when confronted with problems 
of emerging insecticide resistance or when considering 
an integrated vector management approach. 

Other studies have shown that ovitraps treated with 
insecticides were significantly less attractive to gravid 
females than insecticide-free controls (Williams et al. 
2007, Coria et al. 2008). These studies reveal the im-
portance of testing whether the addition of chemicals to 
ovitraps will repel insects. Nonetheless, if for any rea-
son the use of an insecticide with repellent properties 
cannot be avoided, it becomes imperative to reduce the 
number of alternative breeding sites so that gravid Aedes 
females have to use the ovitraps to lay eggs (Sithipras-
asna et al. 2003, Williams et al. 2007). Alternatively, at-
tractants can be used to overcome the repellent effects 
of the insecticide; for instance, Culex quinquefasciatus 
mosquitoes are attracted to B. thuringiensis or Bacillus 
sphaericus-treated ovitraps if they are enhanced by add-
ing skatole or grass infusion (Barbosa et al. 2010a) or 
grass infusion only (Barbosa et al. 2007), respectively.

Unexpectedly, we found that temephos-treated ovi-
traps were as attractive as both imidacloprid-treated 
and water-only ovitraps. However, given that temephos 
has been used for at least three decades in Mexico and 
that there are recent reports of temephos resistance in 
other countries (Rodriguez et al. 2002, Braga et al. 
2004, Jirakanjanakit et al. 2007, Loke et al. 2010), its 
use in ovitraps should be carefully considered. Due to 
its different mode of action, imidacloprid can be used 
in areas where resistance to temephos has been docu-
mented; however, the monitoring of the resistance to 
both temephos and imidacloprid should be conducted 
simultaneously because cross-resistance cannot be 
completely ruled out. The rational use of imidacloprid 
in ovitraps could significantly reduce the possibility 
that the eggs of a temephos-resistant strain of Aedes 
will hatch, provided that the imidacloprid concentra-
tion is sufficient to kill 100% of the eggs.

Complementing research - Our results are promis-
ing, but other lines of investigation would complement 
the results shown here. Though some studies have found 
that the half-life time of imidacloprid is less than one 
day (see Table in Jemec et al. 2007), others describe it to 
be 22 days (Mailahn et al. 2008); it is thus necessary to 
determine the half-life time of the imidacloprid aqueous 
solution in field conditions using bioassays, instead of 
relying solely on chemical analyses, to determine how 
long ovitraps can be left without inspection. In addition, 
a large scale deployment of imidacloprid-baited ovitraps 
could be used to assess the potential use of imidacloprid 
for vector control, provided that the imidacloprid con-
centration remains ovicidal long enough to disrupt the 
life cycle of the mosquito Ae. aegypti (14 days). 
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